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Abstract 
 

The co-ordination chemistry and resulting catalytic potential of Group 9 and 11 

transition metal centered complexes with the 2-acylmethyl-2-oxazoline skeleton are detailed. 

Each of the synthesized ligand species were treated with either a Copper (II) or Cobalt (II) 

salt to promote co-ordination, in all cases deprotonation of the ligand occurred. These 

complexes have, thereafter, been examined by infrared spectroscopy (IR), UV-Visible 

spectroscopy (UV-Vis), mass spectrometry (MS), cyclic voltammetry (CV), combustion 

analysis (EA) and x-ray diffraction and probed for their potential redox properties. In the 

case of Cu(II) chelated complexes, no desirable redox behaviour was observed. Although, 

with respect to Co(II) complexes, one complex displayed favourable redox potential. The 

redox active species have been shown to effectively catalyze the polymerization of methyl 

methacrylate with tosyl chloride as an initiator, through an ATRP-like mechanism. Work 

within also reflects preliminary co-ordination to Iridium and Rhodium metal centers. 

Successfully synthesized Iridium complexes have been tested with respect to their oxidative 

properties. Positive results have been observed in their ability to perform oxidative addition 

with both HSnPh3 and MeI. Both small molecule species have been effectively added to an 

Ir(I) complex, formally changing its oxidation state to Ir(III).   



 

iv 

 

Acknowledgements  

Firstly, Iôd like to thank Prof. Gossage for taking me as a graduate student. Mainly 

Iôd like to thank him for putting up with my naïve excitement and overall over-the-top 

attitude and enthusiasm when it comes to our research, not only for my masterôs degree but 

also for my doctoral studies (in which I hope he can continue to put up with me). He has 

been an excellent mentor in both my research as well as helped me to grow as a writer. 

Thank you to all my committee members (Dr. B. Koivisto, and Dr. D. Foucher) for 

literally grinding information into my brain. Iôve learned so much over the last couple years 

and am very lucky to have met such intelligent individuals such as yourselves.  

 All my lab mates, past and present; Jeff, Joe, Jas, Gloria, Kristy, Rachel, Jeanette, 

Tristan, and Alex. most importantly, the other two-thirds of the OG3; Des and Julie. Without 

any of these people I could have accomplished much more in my thesis since there would 

have been less late UNO/Anomia/Fun Farm/Killer game nights, Blue Jays games, and 

memorable family lunches. Although, I wouldnôt have it any other way.  

 To my parents, for they let their oldest daughter move out of the house to live closer 

to the lab with some guy she literally met 2 months prior to moving out. They have supported 

me in more ways than I can fathom. I love you, Mom, Dad and my awesome little sister 

Sarah (please donôt grow up).  

 Lastly, Iôd like to thank my loving boyfriend, William Scannell. For all those 

countless nights watching dumb YouTube videos, playing bad LAN video games, all the fun 

times weôve had and all the laughs we shared. I truly could not have asked for a better friend, 

even though you severely lack creativity when it comes to making birthday/anniversary 

cards.   



 

v 

 

Table of Contents: 

Abstract ...................................................................................................... iii 

Acknowledgements .................................................................................... iv 

List of Abbreviations: ................................................................................ xiii 

List of Figures: ......................................................................................... xvii 

List of Schemes: ......................................................................................... xx 

List of Equations: .................................................................................... xxiii 

List of Tables: ......................................................................................... xxiv 

List of Appendices ................................................................................... xxv 

1.0 Introduction........................................................................................... 1 

1.1 Oxazolines .................................................................................................................... 1 

1.2 Coordination Chemistry ............................................................................................... 2 

1.2.1 Denticity ................................................................................................................ 3 

1.3. k2-N,O Chelating Ligands ............................................................................................ 4 

1.3.1 Classes of N,O Chelating Ligands .......................................................................... 5 

1.3.2 Synthesis of Ligands .............................................................................................. 5 

1.3.2.1 Ligands via Diacylation and Hydrolysis ...................................................................... 6 

1.3.2.2 Ligands via Crossed-Claisen Reaction ........................................................................ 7 

1.3.2.3 Ligands via S,S-dithio-Ketenes ................................................................................... 7 



 

vi 

 

1.3.2.4 Ligands via alternative methods ς pyridine/lithiation ............................................... 8 

1.3.3 Tautomers of the Target Ligand Series ................................................................. 9 

1.4 Relevant Transition Metal N,O-complexes ................................................................ 10 

1.4.1 Copper(II)/Cobalt(II/III) Complexes ..................................................................... 10 

1.4.2 Rhodium(I/III)/Iridium(I/III) Complexes............................................................... 11 

1.5 Polymers .................................................................................................................... 12 

1.5.1 Mechanisms of Polymer Growth......................................................................... 13 

1.5.2 Metal Catalyzed Atom Transfer Radical Polymerization (ATRP) ........................ 14 

1.5.2.1 Copper(I/II) Catalysts in ATRP .................................................................................. 15 

1.5.2.2 Cobalt(II/III) Catalysts in ATRP ................................................................................. 16 

1.6 Past Work ................................................................................................................... 17 

1.7 Objective of This Thesis ............................................................................................. 18 

2.0 Results and Discussion ......................................................................... 19 

2.1 General Considerations ............................................................................................. 19 

2.2 Synthesis and Characterization of Intermediate Compounds (3a-i, 5a-d) ................ 19 

2.3 Synthesis and Characterization of a Ligand Series with 1a (4a-i and 4j-l) ................. 26 

2.3.1 Synthesis and Characterization of ligands 4a-i ................................................... 26 

2.3.2 Synthesis and Characterization of ligands 4j-l .................................................... 29 

2.4 Synthesis and Characterization of a Ligand Series with 2-methyl-2-oxazoline (6a-d)

 ......................................................................................................................................... 33 

2.5 Synthesis and Spectrochemical Investigation of Transition Metal Complexes ......... 37 

2.5.1 Copper Complexes (7a-l) ..................................................................................... 39 



 

vii  

 

2.5.2 Other Copper Complexes (8a-c) .......................................................................... 47 

2.5.3 Cobalt Complexes (9a-l) ...................................................................................... 49 

2.5.3.1 Attempted Oxidation of a Co2+ Complex.......................................................... 55 

2.5.4 Cobalt Complexes (10a-d and 11a/11c) ............................................................. 59 

2.5.4.1 Usual Oxidation from Co2+ to Co3+ Complexes (11a/c) .................................... 63 

2.6 Polymerization Studies with a Co2+ Catalyst .............................................................. 67 

2.7 Synthesis and Characterization Other Group 9 complexes ....................................... 70 

2.7.1 Attempted Synthesis and Characterization of Rh Complexes ............................. 70 

2.7.2 Attempted Synthesis and Characterization of Vaska-type Complexes ............... 71 

2.7.3 Synthesis and Characterization of Ir Complexes (14 and 15) ............................. 74 

2.7.3.1 Oxidation Addition of various substrates to 15 (16-18) .................................. 79 

2.7.3.2 Attempted displacement of the COD ring of complex 15 (19a-e) ................... 88 

3.0 Conclusions and Future directions: ...................................................... 90 

4.0 Experimental ....................................................................................... 92 

4.1 General Considerations ............................................................................................. 92 

4.2 Synthesis and Characterization of Intermediates species (3a-h) .............................. 94 

4.2.1 Synthesis of (E)-2-(3-benzoyl-4,4-dimethyloxazolidin-2-ylidene)-1-phenylethan-

1-one (3a) ..................................................................................................................... 94 

4.2.2 Synthesis of (Z)-2-(3-(3,4-dichlorobenzoyl)-4,4-dimethyloxazolidin-2-ylidene)-1-

(3,4-dichlorophenyl)ethan-1-one (3b) ......................................................................... 95 



 

viii  

 

4.2.3 (E)-2-(3-(4-methoxybenzoyl)-4,4-dimethyloxazolidin-2-ylidene)-1-(4-

methoxyphenyl)ethan-1-one (3c) ................................................................................ 96 

4.2.4 Synthesis of (Z)-2-(3-(3,4-dimethylbenzoyl)-4,4-dimethyloxazolidin-2-ylidene)-1-

(3,4-dimethylphenyl)ethan-1-one (3d) ........................................................................ 97 

4.2.5 Synthesis of (Z)-2-(3-(4-chloro-3-methylbenzoyl)-4,4-dimethyloxazolidin-2-

ylidene)-1-(4-chloro-3-methylphenyl)ethan-1-one (3e) ............................................... 98 

4.2.6 Synthesis of (Z)-2-(3-(3-chloro-4-methylbenzoyl)-4,4-dimethyloxazolidin-2-

ylidene)-1-(3-chloro-4-methylphenyl)ethan-1-one (3f) ............................................... 99 

4.2.7 (Z)-(2-(2-hydroxy-2-(naphthalen-1-yl)vinyl)-4,4-dimethyl-4,5-dihydro-3l4-oxazol-

3-yl)(naphthalen-1-yl)methanone (3g) ...................................................................... 100 

4.2.8 (E)-1-(4,4-dimethyl-3-pivaloyloxazolidin-2-ylidene)-3,3-dimethylbutan-2-one. 

(3h)20,35 ....................................................................................................................... 101 

4.3 Synthesis and Characterization for the Ligand Series made with 1a ...................... 102 

4.3.1 Synthesis of (Z)-2-(4,4-dimethyl-4,5-dihydrooxazol-2-yl)-1-phenylethen-1-ol (4a)

 ................................................................................................................................... 102 

4.3.2 (E)-1-(3,4-dichlorophenyl)-2-(4,4-dimethyloxazolidin-2-ylidene)ethan-1-one (4b)

 ................................................................................................................................... 103 

4.3.3 Synthesis of (E)-2-(4,4-dimethyloxazolidin-2-ylidene)-1-(4-methoxyphenyl)ethan-

1-one (4c) ................................................................................................................... 104 

4.3.4 Synthesis of (E)-2-(4,4-dimethyloxazolidin-2-ylidene)-1-(3,4-

dimethylphenyl)ethan-1-one (4d) .............................................................................. 105 



 

ix 

 

4.3.5 Synthesis of (E)-1-(4-chloro-3-methylphenyl)-2-(4,4-dimethyloxazolidin-2-

ylidene)ethan-1-one (4e) ........................................................................................... 106 

4.3.6 Synthesis of (E)-1-(3-chloro-4-methylphenyl)-2-(4,4-dimethyloxazolidin-2-

ylidene)ethan-1-one (4f) ............................................................................................ 107 

4.3.7 Synthesis of (E)-2-(4,4-dimethyloxazolidin-2-ylidene)-1-(naphthalen-1-yl)ethan-

1-one (4g) ................................................................................................................... 108 

4.3.8 Synthesis of (E)-1-(4,4-dimethyloxazolidin-2-ylidene)-3,3-dimethylbutan-2-one 

(4h) ............................................................................................................................. 109 

4.3.9 Synthesis of (E)-1-(4,4-dimethyloxazolidin-2-ylidene)propan-2-one (4j) .......... 110 

4.3.10 Synthesis of (E)-3-(4,4-dimethyloxazolidin-2-ylidene)-1,1,1-trifluoropropan-2-

one (4k) ...................................................................................................................... 111 

4.3.11 Synthesis of (E)-1,1,1-trichloro-3-(4,4-dimethyloxazolidin-2-ylidene)propan-2-

one (4l) ....................................................................................................................... 112 

4.4 Synthesis of the ligand series with 1b ..................................................................... 113 

4.4.1 Synthesis of (E)-2-(oxazolidin-2-ylidene)-1-phenylethan-1-one (5a to 6a);...... 113 

4.4.2 Synthesis of (E)-1-(3,4-dichlorophenyl)-2-(oxazolidin-2-ylidene)ethan-1-one (5b 

to 6b) .......................................................................................................................... 114 

4.4.3 Synthesis of (E)-1-(4-methoxyphenyl)-2-(oxazolidin-2-ylidene)ethan-1-one (5c to 

6c) .............................................................................................................................. 115 

4.4.4 Attempted Synthesis of (E)-1-(4-nitrophenyl)-2-(oxazolidin-2-ylidene)ethan-1-

one (5d/6d) ................................................................................................................ 116 

4.5 Synthesis and Characterization of Cu complexes made with 1a ............................. 117 



 

x 

 

4.5.1 Chelation of 4a to Copper metal to obtain 7a .................................................. 117 

4.5.2 Chelation of 4b to Copper metal to obtain 7b .................................................. 118 

4.5.3 Chelation of 4c to Copper metal to obtain 7c ................................................... 119 

4.5.4 Chelation of 4d to Copper metal to obtain 7d .................................................. 120 

4.5.5 Chelation of 4e to Copper metal to obtain 7e; ................................................. 121 

4.5.6 Chelation of 4f to Copper metal to obtain 7f; ................................................... 122 

4.5.7 Chelation of 4g to Copper metal to obtain 7g; ................................................. 123 

4.5.8 Chelation of 4h to Copper metal to obtain 7h .................................................. 124 

4.5.9 Chelation of 4i to a Copper metal to obtain 7i; ................................................ 125 

4.6 Synthesis and Characterization of Cu complexes made with 1b ............................. 126 

4.6.1 Chelation of 6a to Copper metal to obtain 8a .................................................. 126 

4.6.2 Chelation of 6b to Copper metal to obtain 8b .................................................. 127 

4.7 Synthesis and Characterization of Co complexes made with 1a ............................. 128 

4.7.1 Chelation of 4a to a Cobalt metal to obtain 9a ................................................ 128 

4.7.2 Chelation of 4b to a Cobalt metal to obtain 9b ................................................ 129 

4.7.3 Chelation of 4c to a Cobalt metal to obtain 9c ................................................. 130 

4.7.4 Chelation of 4d to a Cobalt metal to obtain 9d ................................................ 131 

4.7.5 Chelation of 3e to a Cobalt metal to obtain 9e ................................................ 132 

4.7.6 Chelation of 4f to a Cobalt metal to obtain 9f .................................................. 133 

4.7.7 Chelation of 4g to a Cobalt metal to obtain 9g ................................................ 134 

4.7.8 Chelation of 4h to a Cobalt metal to obtain 9h ................................................ 135 

4.7.9 Chelation of 4i to a Cobalt metal to obtain 9i .................................................. 136 



 

xi 

 

4.7.10 Chelation of 4j to a Cobalt metal to obtain 9j ................................................ 137 

4.7.11 Chelation of 4k to a Cobalt metal to obtain 9k .............................................. 138 

4.7.12 Chelation of 4l to a Cobalt metal to obtain 9l ................................................ 139 

4.8 Synthesis and Characterization of Co complexes made with 1a ............................. 140 

4.8.1 Chelation of Cobalt metal to obtain 10a .......................................................... 140 

4.8.1.1 Oxidation of 10a to 11a ................................................................................. 141 

4.8.2 Chelation of Cobalt metal to obtain 10b .......................................................... 142 

4.8.3 Chelation of Cobalt metal to obtain 10c ........................................................... 143 

4.8.3.1 Oxidation of 10c to 11c .................................................................................. 144 

4.9 Attempted Oxidation of Co complexes made with 1a ............................................ 145 

4.9.1 Attempted oxidation of 9a to 9aX; ................................................................... 145 

4.9.2 Attempted oxidation of 9h to 9h-1 and then 9h-2 ........................................... 146 

4.10 Using 9h in ATRP .................................................................................................... 147 

4.10.1 Polymerization of MMA with 9h to PMMA .................................................... 147 

4.10.2 Attempted polymerization of THF with 9h ..................................................... 148 

4.11 Synthesis of Other Group 9 Complexes ................................................................. 149 

пΦммΦм {ȅƴǘƘŜǎƛǎ ƻŦ ±ŀǎƪŀΩǎ ŎƻƳǇƭŜȄ όLǊ/ƭό/hύόttƘ3)2) (12) ....................................... 149 

4.11.2 Synthesis of bis(1,5-cyclooctadiene)diiridium(I)dichloride (14) ...................... 149 

4.11.3 Substitution of 14 with 4a to give 15 .............................................................. 150 

4.11.4 Oxidative addition of methyl iodide to 15 ...................................................... 151 

4.11.5 Synthesis and oxidative addition of triphenylstannane to 15 ........................ 152 

Appendix ................................................................................................. 153 



 

xii  

 

References .............................................................................................. 512 

 

  



 

xiii  

 

List of Abbreviations: 

Acetonitrile ACN 

Aluminum(III)chloride AlCl 3 

Aryl  Ar 

Atom transfer radical polymerization ATRP 

Benzene-d6 C6D6 

tertiary-Butyl t-Bu 

normal-Butlyllithium n-BuLi 

2,2ô-Bipyridine Bpy 

Carbon disulphide CS2 

Chloroform CHCl3 

Chloroform-d1 CDCl3 

Correlation spectroscopy COSY 

Cobalt(II) bromide CoBr2 

Cobalt(II) hydroxide Co(OH)2 

Cobalt(II) nitrate hexahydrate Co(NO3)2 Å 6 H2O 

Copper(II) bromide CuBr2 

Copper(II) nitrate hemipentahydrate Cu(NO3)2 Å 2.5 H2O 

Cyclic voltammery CV 

cis,cis-1,5-Cyclooctadiene COD 

Day(s) d 

Daltons Da 

Dichloromethane DCM 



 

xiv 

 

Dimethyl formamide DMF 

Dimethyl sulphoxide DMSO 

Distilled water dH2O 

1,1ô-bis(Diphenylphosphino)ferrocene dppf 

Diethyl ether Et2O 

Elemental Analysis EA 

Electron volts eV 

Ethanol EtOH 

Ethyl acetate EtOAc 

Gel Permeation Chromatography GPC 

Heteronuclear multiple-bond correlation spectroscopy HMBC 

Heteronuclear single- quantum correlation spectroscopy HSQC 

Hertz Hz 

Infrared spectroscopy IR 

Ligand to metal charge transfer LMCT 

Magnesium sulphate MgSO4 

Mass spectrometry MS 

Melting point mp 

Metal to ligand charge transfer MLCT 

Methanol MeOH 

Methyl iodide MeI 

Methyl methacrylate MMA  

N-bromosuccinamide NBS 



 

xv 

 

1-Napthyl nap 

Nuclear magnetic resonance spectrosopy NMR 

Nuclear Overhauser effect spectroscopy nOesy 

The Oak Ridge Thermal Ellipsoid Plot ORTEP 

Parts per million ppm 

Poly(aniline) PANi 

Poly(methyl methacrylate) PMMA 

Poly(styrene) PS 

Poly(vinylchloride) PVC 

Polydispersity Index PDI 

Potassium hydroxide KOH 

Pyridine py 

Reversible Addition-Fragmentation Chain Transfer RAFT 

Room temperature rt 

Sodium carbonate Na2CO3 

Sodium chloride NaCl 

Sodium sulphate Na2SO4 

Sulphuric acid H2SO4 

Tetrabutylammonium hexafluorophosphate [N(n-Bu)4
+][PF6

-] 

Tetrahydrofuran THF 

N, N, Nô ,Nô-Tetramethylethylenediamine TMEDA 

(2,2,6,6-Tetramethylpiperidin-1-yl)oxyl TEMPO 

Thin Layer Chromatography TLC 



 

xvi 

 

Thionyl chloride SOCl2 

Trichloroacetyl chloride TCAC 

Triethylamine NEt3 

Triethylamine hydrochloride NEt3 Å HCl 

Triethylphosphite P(OEt)3 

Trichlorosilane HSiCl3 

Trifluoroacetic anhydride TFAA 

Triphenylphosphine PPh3 

Triphenylphosphine oxide O=PPh3 

Triphenylsilane HSiPh3 

Triphenylstannane HSnPh3 

Tosyl chloride TsCl 

Ultraviolet-Visible spectroscopy UV-Vis 

Vaskaôs complex IrCl(CO)(PPh3)2 

Zinc Chloride ZnCl2 

 

  



 

xvii  

 

List of Figures: 

Figure 1: Crystal structure of D, seen in the enamine form. ................................................. 9 

Figure 2: One of the intermediate compounds, 3e, labeled for aid in NMR discussion. .... 21 

Figure 3: 1H-NMR spectrum of 3e. .................................................................................... 21 

Figure 4: 13C-NMR spectrum for 3e. .................................................................................. 22 

Figure 5: A- Prior to work-up, before filtering the salt ([NEt3][HCl]), B- After work-up 

and attempted recrystallization (5a). ........................................................................... 24 

Figure 6: 1H-NMR spectrum of 5d. .................................................................................... 25 

Figure 7: Zoom in on the aromatic region in the 1H-NMR spectrum of 5d. Coupling 

constants are displayed. ............................................................................................... 25 

Figure 8: 1H-NMR spectrum of 4e, boxed in regions depict characteristic signals for 4 (red 

= alkyl, green = aromatic). ........................................................................................... 28 

Figure 9: HMBC-NMR spectrum of 4e. (blue = aromatic interactions, green = carbonyl 

interactions) ................................................................................................................. 29 

Figure 10: 13C- and 19F-NMR spectrum of 4j. .................................................................... 30 

Figure 11: Crude 1H- and 13C-NMR spectra of the mixture of 4l and 1a2. ........................ 32 

Figure 12: 1H- and 13C-NMR spectra for 4l. The enamine and keto forms are present in a 

10:1 ratio. ..................................................................................................................... 33 

Figure 13: A- 6a after attempted recrystallization, B- before work-up of 5a to 6a ............ 34 

Figure 14: An example of one of the repeated attempts to synthesize 6d by Tohda's 

method. (1H-NMR spectrum) ...................................................................................... 35 

Figure 15: The 1H-NMR spectrum for 6b .......................................................................... 37 

Figure 16: 1H-NMR spectrum of 7a (paramagnetic). ......................................................... 40 



 

xviii  

 

Figure 17: An example of a UV-Vis spectrum of copper complexes (7e). ........................ 41 

Figure 18: ORTEP drawings of the unit cell of 7g and 7h (x-ray crystallographic 

representation) ............................................................................................................. 42 

Figure 19: Possible polymorphic behaviour in 7a/b. .......................................................... 45 

Figure 20: Both brown and green powders crystalline forms for 7b. ................................. 46 

Figure 21: Voltammogram of 7h/i displaying irreversibility and ligand reduction. .......... 46 

Figure 22: UV-Vis profiles for 8a showing three main absorption maxima. ..................... 48 

Figure 23: 1H-NMR spectrum of 9a (paramagnetic). ......................................................... 51 

Figure 24: UV-Vis trace of 6e. ........................................................................................... 52 

Figure 25: ORTEP representations of 9j-l. ......................................................................... 52 

Figure 26: Voltammograms for 9e and 9h in DCM. .......................................................... 55 

Figure 27: A qualitative test of Trial 1 (9a + Br2) .............................................................. 57 

Figure 28: 1H-NMR spectrum of proposed 9h-1. ............................................................... 59 

Figure 29: A- 10a and 10c as a powder. B- RIGHT: 10c (orange) during synthesis. ........ 60 

Figure 30: UV-Vis trace for 10b. ........................................................................................ 61 

Figure 31: Cyclic voltammetry for 10a and 10c ................................................................. 62 

Figure 32: Solution darkening and oxidation of Co2+ to Co3+ (10a to 11a) ....................... 63 

Figure 33: ORTEP representations of 11a and 11c ............................................................ 65 

Figure 34: Voltammogram of 11a and 11c in DCM. ......................................................... 67 

Figure 35: 31P-NMR spectra of reaction between Wilkinson's catalyst and 4a. ................. 71 

Figure 36: Target group 9 complexes for substitution. ...................................................... 72 

Figure 37: Substitution of 4a to either 12 (left) or 13 (right). ............................................ 73 

Figure 38: 1H-NMR spectrum of 15 ................................................................................... 75 



 

xix 

 

Figure 39: 1H-NMR stacked of both Rf spots on the TLC plate of 15. ............................... 76 

Figure 40: 1H-NMR stacked of both Rf spots on the TLC plate of 15. .............................. 77 

Figure 41: ORTEP representation of 15 (left) and cubic crystals of 15 (right) .................. 78 

Figure 42: 1H-NMR spectrum of 16. .................................................................................. 81 

Figure 43: 1H-1H nOesy NMR spectrum of 16. Marked is the CH3 (15) interactions with 

the oxazoline protons (1/1a). ....................................................................................... 82 

Figure 44: ORTEP representation of 16. ............................................................................ 82 

Figure 45: A-119Sn-NMR spectrum of 18, B- 1H-NMR spectrum of 18 ............................ 85 

Figure 46: nOesy NMR spectrum of 18 (red box highlights NOE interactions) ............... 87 

Figure 47: ORTEP representation of 18. ............................................................................ 87 

 

 

 

 

  



 

xx 

 

List of Schemes: 

Scheme 1: 2-, 3-, and 4- oxazolines (left to right) ................................................................. 1 

Scheme 2: Three known routes to 2-oxazolines. ................................................................... 2 

Scheme 3: Examples of mono-charged and neutral ligands ................................................. 3 

Scheme 4: Conformational and rotation isomers of cobalt complexes ................................. 3 

Scheme 5: Examples of Mono-, bi-, and tridentate oxazoline transition metal complexes .. 4 

Scheme 6: Types of N,O-donor pro-chelates. ....................................................................... 5 

Scheme 7: A general look at three of Tohda's procedures to make the target oxazoline 

ligand class ..................................................................................................................... 6 

Scheme 8: Tohda's diacylation and deaclyation procedure to make the target compound, D

 ....................................................................................................................................... 6 

Scheme 9: Tohda's procedure for synthesis of the target compound, E, via AlCl 3 .............. 7 

Scheme 10: Generation of the S,S-dithio ketene and synthesis of the target compound, G . 8 

Scheme 11: Reaction to make target compound, H, with cold pyridine. .............................. 8 

Scheme 12: Lithiation of the oxazoline and reaction with EtOAc to give the target 

compound, E. ................................................................................................................. 9 

Scheme 13: Tautomers of this ligand class, along the N-C-C-C-O backbone. ..................... 9 

Scheme 14: A few relevant copper and cobalt complexes (I-L) ......................................... 11 

Scheme 15: Wilkinson's catalyst (M) and Vaskaôs complex (N). ...................................... 12 

Scheme 16: Carlton's and Love's chelated iridium complexes. .......................................... 12 

Scheme 17: General mechanism for Cu-mediated ATRP. ................................................. 14 

Scheme 18: Matyjasewski's varying ligand design for copper ATRP catalysts. ................ 15 

Scheme 19: Relevant cobalt(II) ATRP catalysts ................................................................. 16 



 

xxi 

 

Scheme 20: A library of ligands leading towards the formation of k2-N,O-donor complexes

 ..................................................................................................................................... 17 

Scheme 21: Complexation of T1-4/U1-2/D to a cobalt(II) metal center ............................ 17 

Scheme 22: Select compounds/complexes synthesized during this thesis. ......................... 18 

Scheme 23: General reaction conditions for the formation of 3a-i. Compound 3i was 

supplied by J. Adjei. .................................................................................................... 20 

Scheme 24: General procedure on how to synthesize diacylated compounds 5a-d ........... 23 

Scheme 25: Formation of the ligand series with reacted initially with 1a. Compound 4i was 

made by J. Adjei. ......................................................................................................... 26 

Scheme 26: General reaction of tri-halogenated species with 1a to give the target alkyl 

ligands. ......................................................................................................................... 30 

Scheme 27: The synthetic route of 4l. ................................................................................. 31 

Scheme 28: Formation of the ligand series with reacted initially with 1b. ......................... 33 

Scheme 29: Attempted synthesis of 6d. .............................................................................. 35 

Scheme 30: A general metal complexation reaction of 4 or 6 to either Cu or Co. ............. 38 

Scheme 31: An alternate route to Cu/Co complexes from 3 or 5. ...................................... 39 

Scheme 32: Towards copper complexes with the ligand series 4. ...................................... 39 

Scheme 33: Synthesis of Cu complexes with 6. ................................................................. 47 

Scheme 34: Towards cobalt complexes with the ligand series 4. ....................................... 50 

Scheme 35: Attempted bromination of 9h. ......................................................................... 58 

Scheme 36: Synthesis of complexes 10a-d. ........................................................................ 59 

Scheme 37: General route to polymerization of MMA. ...................................................... 67 

Scheme 38: Formation of PMMA, based on best trial from Table 11. .............................. 68 



 

xxii  

 

Scheme 39: Proposed mechanism for the formation of PMMA via 9h. ............................. 69 

Scheme 40: Attempted substitution of Wilkinson's Catalyst with 4a. ................................ 70 

Scheme 41: Synthetic route to make 15 .............................................................................. 77 

Scheme 42: Oxidative addition of MeI to 15 to give 16. .................................................... 79 

Scheme 43: Attempted oxidative addition to 15 to make 17. ............................................. 84 

Scheme 44: Synthesis and oxidative addition of HSnPh3 to 15 to make 18. ...................... 85 

Scheme 45: Various attempted displacement reactions with P/N nucleophiles with 15..... 89 

 

 

  



 

xxiii  

 

List of Equations: 

Equation 1: Polydispersity Index. ...................................................................................... 13 

Equation 2: Calculating the geometry index of 7g and 7h. ................................................ 43 

 

 

 

 

  



 

xxiv 

 

List of Tables: 

Table 1: Relevant bond angles (°) and bond lengths (Å) for 7g ......................................... 44 

Table 2: Select bond angles (°) and bond lengths (Å) for 7h. ............................................ 44 

Table 3: Calculated t4 values for all Co complexes ............................................................ 53 

Table 4: Selected bond lengths (Å) and angles (°) for 9j .................................................... 54 

Table 5: Selected bond lengths (Å) and angles (°) for 9k. .................................................. 54 

Table 6: Selected bond lengths (Å) and angles (°) for 9l. ................................................... 54 

Table 7: Attempted oxidation of a Co2+ center. .................................................................. 56 

Table 8: Selected bond lengths (Å) and angles (°) for 10a. ................................................ 62 

Table 9: Select bond angles (°) and lengths (Å) for 11a .................................................... 66 

Table 10: Select bond angles (°) and lengths (Å) for 11c ................................................... 66 

Table 11: Trials and data for the polymerization of MMA ................................................ 68 

Table 12: Relevant bond lengths (Å) and angles (°) for 15. ............................................... 78 

Table 13: Select bond lengths (Å) and angles (°) for 16. ................................................... 83 

Table 14: Select bond lengths (Å) and angles (°) for 18. .................................................... 88 

Table 15: Trials for oxidative addition of halogens to 9a ................................................. 145 

 

 

  



 

xxv 

 

List of Appendices  

Appendix A: Nuclear Magnetic Resonance Spectroscopy (NMR) ................................... 153 

Appendix B: Infrared Spectroscopy (IR) ........................................................................... 250 

Appendix C: Ultra-Violet-Visible Spectroscopy (UV-Vis) .............................................. 285 

Appendix D: Cyclic Voltammetry (CV) ............................................................................ 315 

Appendix E: Gel-Permeation Chromatography (GPC) ..................................................... 343 

Appendix F: Single Crystal X-Ray Diffraction (X-Ray Crystallography) ........................ 345 

 

 

 

 

file:///C:/Users/kathl/Desktop/Thesis%20V9%20-%20BKSIRG-supp.docx%23_Toc524507714
file:///C:/Users/kathl/Desktop/Thesis%20V9%20-%20BKSIRG-supp.docx%23_Toc524507715
file:///C:/Users/kathl/Desktop/Thesis%20V9%20-%20BKSIRG-supp.docx%23_Toc524507716
file:///C:/Users/kathl/Desktop/Thesis%20V9%20-%20BKSIRG-supp.docx%23_Toc524507717
file:///C:/Users/kathl/Desktop/Thesis%20V9%20-%20BKSIRG-supp.docx%23_Toc524507718
file:///C:/Users/kathl/Desktop/Thesis%20V9%20-%20BKSIRG-supp.docx%23_Toc524507719


 

1 

 

1.0 Introduction 

1.1 Oxazolines 

Oxazolines, or 4,5-dihydro-2-oxazoles, are five-membered heterocycles containing a nitrogen 

and oxygen between an sp2-hybridized carbon atom. They can differ sterically by substitution 

appended to any of its five vertices (expect the oxygen atom) or isomerically by positioning of the 

-́bond (Scheme 1). 

 

Scheme 1: 2-, 3-, and 4- oxazolines (left to right) 

Oxazolines can be manufactured in a variety of methods including the Witte-Seeliger 

reaction (metal-catalyzed cross-coupling),1 a ring-closing reaction with thionyl chloride,2 from 

oxidation of an oxazolinidine or by simply heating a carboxylic acid or aldehyde with a 1,2-amino 

alcohol (Scheme 2).3 Oxazolines have gained synthetic interest due to not only their relatively 

stable and inert nature but also their close relation to acyl derivatives of a-amino acids.4 They are 

unreactive with most nucleophiles, radical species, bases and weak acids. Oxazolines were first 

used in the field of polymer chemistry as a monomer; the resulting poly(2-oxazolines)5 are like 

that of similar to poly(amides) making them strong candidates in biomedical applications.6 The 

aspect of this that is attractive to organic chemists is that the oxazoline protecting group can be 

installed during synthesis by using mild conditions and are moderately good precursors for 

functional later group transformation.4,6,7  
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Scheme 2: Three known routes to 2-oxazolines. 

More recently, oxazolines have been widely studied for their role in polymerization and 

protecting group chemistry 8,9 as well as their ability to be a respectable monodentate ligands in 

asymmetric and symmetric catalysis.10,11 Over the years, oxazolines have had, and continue to 

exhibit, a vast array of applications from polymer chemistry to organic chemistry to coordination 

chemistry.4ï7 

 

1.2 Coordination Chemistry 

Coordination chemistry entails the formation of covalent/coordination bonds (usually 

dative interactions) between, normally, a metal ion and neutral or charged ligands. In the case that 

the resulting complex carries a charge, an ion with opposite change is present to balance it to a 

neutral state. As previously mentioned, ligands can be either neutral or charged (cationic or 

anionic). Neutral ligands include N-heterocyclic carbenes, pyridine, acetonitrile and water 

(Scheme 3).  
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Scheme 3: Examples of mono-charged and neutral ligands 

Most charged ligands are anionic in nature as transition metal centers are generally cationic.  

Charged ligands can be mono-, di- or tri- anionic such as halogen species (Cl-, Br-, F-, I-) and 

deprotonated oxygen species (e.g., 8-hydroxyquinolinolate) (Scheme 3). Once coordinated, 

octahedral ligated metal complexes can exhibit different geometric isomers; mer/fac, cis/trans, as 

well as lambda/delta (L/D) rotational isomers (Scheme 4). 

 

Scheme 4: Conformational and rotation isomers of cobalt complexes 

 

1.2.1 Denticity 

The number of donor groups from a specific ligand attached to a central metal atom denotes 

its denticity.12 Oxazolines on their own can act as monodentate ligands13ï16 or polydentate ligands 

when functionalized with other groups, meaning they can be bound to the central atom through 

one or more bonds.17ï19 There are multiple examples of oxazoline-based ligands with varying 
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denticity in the literature including mono- (A)14, bi- (B)20, and tridentate (C)19 architectures 

(Scheme 5).  

 

Scheme 5: Examples of Mono-, bi-, and tridentate oxazoline transition metal complexes 

The examples given in Scheme 5 represent transition metal complexes containing chelating 

ligands. Strong donating interactions, such as in the case of the nitrogen in the oxazoline ring, 

readily form bonds with a formally cationic metal center. If the oxazoline ring is appended with 

another anionic functional group, the compound can form a chelate bond with the metal center 

effectively changing its bond mode from k1 to k2 (or higher). 

 

1.3. k2-N,O Chelating Ligands 

There are several types of nitrogen-based bidentate chelating ligands such as those with NN, 

NS, NP, NC, or NO-donor atom functionality. N,O chelates have been targeted as a class of ligands 

in the fields of catalytic and coordination chemistry due to their variable bonding modes and 

binding affinities for cationic metal species.21 After being bound to a metal center the participating 

ligands are employed in applications ranging from small molecule activation to stoichiometric 

bond activation and catalysis. In an N,O donor ligand, the oxygen atom is often anionic in 

character, making it a hard (Lewis basic) donor to the metal center.22 The nitrogen is an 

intermediate donor, meaning it can exhibit properties of both a hard and soft donor. This gives the 

nitrogen atom freedom to bond then release itself from the metal. Overall, this hemilabile quality 

makes N,O donor ligands attractive for use in catalysis when coordinated to a metal center.  
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1.3.1 Classes of N,O Chelating Ligands 

A lot of focus in the literature has been put on N,O chelates, such as those derived from 

amino acids.23,24 More common to the field of inorganic coordination chemistry are the 1,3- and 

1,4-N,O chelates. These functional groups (Scheme 6), most noticeably quinolinolates25ï27 and 

picolinates,28ï30 have seen a span of uses catalytically. Sulfonamidates31 and phosphoramidates32,33 

have started to see more use in the field as well.  

 

Scheme 6: Types of N,O-donor pro-chelates. 

 

1.3.2 Synthesis of Ligands 

A target of the Gossage groupsô research has been centered around a 1,5-N,O pro-ligand, 

first synthesized by Meyers34 and later popularized by the simple synthesis of the series from Prof. 

Tohda in 1984.35 In his studies of these compounds, Tohda crafted clever, high yielding synthetic 

pathways to these compounds.36,37 He later went on to continue his investigation of the formation 

of abnormal Michael adducts that these particular oxazoline based compounds can adopt.8 He 

devised three simple synthetic pathways (Scheme 7); 2-step acylation and deacylation, a crossed 

Claisen condensation with AlCl3 coordination (for acid chloride compounds with a-protons to the 

carbonyl), and a reaction that utilizes pyridine to synthesize compounds with more electron 
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withdrawing donor groups. Another, less popular method to make these types of compounds comes 

from the use of a dithio-ketene9,38,39 (vide infra). 

 

Scheme 7: A general look at three of Tohda's procedures to make the target oxazoline ligand class 

 

1.3.2.1 Ligands via Diacylation and Hydrolysis 

The first, and most versatile, synthetic pathway developed by Tohda is a two-step reaction.35 

The starting oxazoline is acylated at the N-position first, which then activates the methyl group on 

the oxazoline at position 2 (Scheme 8). This is done an in polar aprotic solvent as the transition 

state of the intermediate is very polar. The isolated intermediate material, in high yields (82-99 

%), is subjected to a basic mixture of excess potassium hydroxide dissolved in methanol (1.5 M 

KOH). This cleaves the C-N bond at the N-acetlyated position to give the desired compound in 

moderate to high yields (57-95 %). This reaction has been optimized to the point where one can 

produce > 30 grams of D without sacrificing yield or materials.35  

 

Scheme 8: Tohda's diacylation and deacylation procedure to make the target compound, D 
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1.3.2.2 Ligands via Crossed-Claisen Reaction 

 The second pathway developed by Tohda in 1986 was a way to synthesize these oxazoline 

derived compounds if an alkyl-carbonyl substituent bonded to the heterocycle. The 2,4,4-

trimethyl-2-oxazoline and triethylamine are added to a solution of aluminum chloride.36 After 

which an anhydride species is added over 30 minutes at 0 °C. Once obtained, but not isolated, the 

intermediates species is immediately dissolved in a basic potassium hydroxide/methanol solution 

to cleave the C-N bond on the 3-position of the oxazoline (Scheme 9). The pure product (E) is 

obtained by via co-distillation with ethylene glycol. Although this method is effective for 

synthesizing these types of compounds with alkyl chains that have protons directly next to the 

carbonyl, yields do not exceed 75 %.36  

 

Scheme 9: Tohda's procedure for synthesis of the target compound, E, via AlCl 3 

 

1.3.2.3 Ligands via S,S-dithio-Ketenes 

A less popular route used in the synthesis of these oxazoline-appended compounds is the 

reaction of a S,S-dithio-ketene with an amino alcohol. The dithio ketene is generated in situ in a 

one-pot reaction between NaH, carbon disulphide (CS2) and methyl iodide (MeI) (Scheme 

10).9,38,39 In this reaction, a sample of a benzyl ketone is irreversibly deprotonated and reacted with 

CS2 and MeI to give the dithio intermediate (F). The intermediate compound is immediately 

dropped into a dispersion of Na and the chosen amino alcohol. After reflux, the target ring-closed 

compound is isolated as an off-white powder (G).40 Drawbacks of this reaction pathway is the 

overall technical difficulty of the synthesis and lower yields obtained of the targets (49-63 %).  
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Scheme 10: Generation of the S,S-dithio ketene and synthesis of the target compound, G 

 

1.3.2.4 Ligands via alternative methods ï pyridine/lithiation 

 Two last methods are more uncommon as they can make a smaller range of such modified 

oxazoline compounds. The first method is by using a mixture of pyridine in acetonitrile with a 

strongly electron withdrawing anhydride. In this route, the reaction is kept at a temperature of 0 

°C to prevent unwanted by-products and is mediated by pyridine (Scheme 11). After completion, 

the target compound can be isolated as an off-white powder in excellent yields (90-93 %).8 

 

Scheme 11: Reaction to make target compound, H, with cold pyridine. 

The second method is by using n-BuLi in an electrophilic substitution of a ketone species 

to obtain the target compound (Scheme 12). The starting 2-oxazoline compound is subjected to n-

butyllithium. This lithiates the 2-position of the oxazoline, forming the supposed lithio-oxazoline 

intermediate. Afterwards the lithio-oxazoline is reacted with the ester of choice and can be isolated 

as an off-white powder (E) after extraction and work-up (85 %).34  
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Scheme 12: Lithiation of the oxazoline and reaction with EtOAc to give the target compound, E. 

 

1.3.3 Tautomers of the Target Ligand Series 

This class of compounds display at least three different tautomers (resonance contributors); 

the enol, keto and enamine forms (Scheme 13). Although, in the solid state of the compound series, 

the enamine form is most prominently observed (Figure 1) and in the solution state a mix of the 

enamine and keto form can be observed.35 

 

Scheme 13: Tautomers of this ligand class, along the N-C-C-C-O backbone. 

 

Figure 1: Crystal structure of D, seen in the enamine form.  

 



 

10 

 

1.4 Relevant Transition Metal N,O-complexes 

1.4.1 Copper(II)/Cobalt(II/III) Complexes 

The area of copper(II) and cobalt(II) complexes bearing N,O-donor ligands has been 

extensively researched with literature searches returning complexes bound to all classes of ligands, 

including a wide variety of amino acid functionalzed complexes. (Scheme 14, I ).41ï43 Other N,O-

donor ligands that are commonly found bound to metals are those of the amidate, 

phosphoramidate, quinolinolate and the pyridonate classes (Scheme 6). Cobalt and copper have 

received increasing attention over the years as substitutes for heavier transition metals due to their 

cheaper cost and facile synthesis.44,45 Tendenborg in 1999 synthesized a small library of ligands 

(both N,O- and N,N-chelates) and coordinated them to both copper and cobalt metal salts (Scheme 

14, J).46 They later tested those complexes in their ability to catalyze the asymmetric aziridination 

of styrene. They received high yields with modest enantiomeric excesses in short reaction times 

(10 minutes). In 2016, preliminary studies on copper(II) coordination polymers were disclosed by 

the Amo-Ochoa group and their pyridonate N,O-ligands showed their exceptional binding utility 

by attracting other copper complexes to form a polymeric substance (Scheme 14, K ).47 More 

recently, in 2017 Shakdofa and coworkers presented their work on copper and cobalt anti-tumor 

complexes. The tested complexes [NNO, NN, OO-(dinuclear Cu species) and NO ligated 

complexes] showed a modest level of activity against the human leukemia, human liver cancer, 

and human breast cancer cell lines although not at active as a current anti-tumor drug, Doxorubicin 

(Scheme 14, L).48  
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Scheme 14: A few relevant copper and cobalt complexes (I-L) 

 

1.4.2 Rhodium(I/III)/Iridium(I/III) Complexes 

Further down Group 9 lies Iridium and Rhodium. In recent years (1960-present), there have 

been a plethora of studies surrounding their interesting properties. Rhodium, and Iridium to a 

degree, were initially used as hydrogenation catalysts (addition of H2 across a ́-bond)49ï52 as is in 

the case of Wilkinsonôs catalyst (Scheme 15, M ).53 

Both Rhodium and Iridium have gained significant interest in the research field as they can 

efficiently facilitate oxidative addition/reductive elimination-type reactions (redox). This lead to 

their increasingly popularity in the field of catalytic-coordination chemistry. One of the best 

candidates for studying hydrogen transfer, as well as other general oxidative addition reactions is 

Vaskaôs complex, IrCl(CO)(PPh2) (Scheme 15, N). These reactions can be visualized physically 

as well they tend to lose their bright yellow colour and through infrared spectroscopy as they 

observed to have higher stretching frequencies (> 2000 cm-1 once oxidative addition occurs at the 

Ir center).  
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Scheme 15: Wilkinson's catalyst (M) and Vaskaôs complex (N). 

Two coordination compounds to note are O54 and P.32,33,55 Using a simple two-step method 

(use of an iridium-COD dimer56 then coordination of their ligand) then by the addition of a reaction 

nucleophilic species, the Carlton group has been able to synthesise an array of H-Ir-R complexes 

(see Scheme 16, O). This reactions series showcases the redox ability of the iridium centered 

complex as it oxidizes from an Ir(I) to Ir(III). 54 In a more recent example, the Love and Schafer 

groups have been able to synthesize 1,3-N,O-chelated phosphoramidate complexes (Scheme 16, 

P). These complexes have shown to perform a variety of oxidative addition/reductive elimination 

reactions with various boron substrates. In doing so, theyôve demonstrated the versatility of these 

types of complexes by achieving a high yielding, selective hydroboration.32,33,55  

 

Scheme 16: Carlton's and Love's chelated iridium complexes. 

1.5 Polymers 

Polymers are macromolecular structures or more simply explained as long chains with 

repeating units. There are two main different types of polymers, organic (PANi, PVC, PS) and 

inorganic polymers (polyphosphazenes, polysilanes, poly(ferrocenylsilanes)). These 
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macromolecules can consist of one singular repeat unit (homopolymer) to many different repeat 

units (co-polymer) arranged neatly (block co-polymer) or unpredictably (random co-polymer). 

Polymers are characterized the degree of their uniformity (Equation 1). This measurement is 

known as the polydispersity index (PDI).57  

 

Equation 1: Polydispersity Index. 

 

1.5.1 Mechanisms of Polymer Growth  

The two generally accepted mechanisms surrounding polymer growth are step-growth 

(condensation) and chain growth (addition). Step-growth polymerization occurs by the monomer 

units adding to each other in a more unpredictable fashion, having monomers reacting to make 

dimers, dimers reacting to form tetramers, or a monomer unit and a dimer reacting to form a trimer. 

These seemingly random chain length oligomers react with each other to increase the polymer 

chain length. A polymer polymerized with this mechanism generally produces low molecular 

weights, high percent conversion but also a more broad PDI.58  

The other main accepted mechanism is by chain growth. With a chain growth mechanism, 

the reactive species, usually a radial species, initiates and facilitates the lengthening of the polymer 

chain. In this case a new monomer is added tip-to-tail or step by step to the polymer chain. High 

polymer molecular weights, along with a narrow PDI but low conversion rate are consistent with 

this mechanism.   
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1.5.2 Metal Catalyzed Atom Transfer Radical Polymerization (ATRP) 

Atom transfer radical polymerization (ATRP) was simultaneously discovered by Mitsuo 

Sawamoto,59 Jin-Shan Wang and Krzysztof Matyjaszewski in 1995.60 ATRP starts off with the 

initiation of the catalytic species (see Scheme 17). The catalyst chosen for metal-based ATRP 

must be able to have a reasonable affinity for halogens, be able to accommodate the extra halogen 

in its coordination sphere as well as have an easily accessible oxidation state with typically a one 

electron difference.61 

 

Scheme 17: General mechanism for Cu-mediated ATRP. 

Afterwards the initiated radial species (RÖ) seeks out the olefinic monomer. Once found, 

the radical species bonds to the olefin, propagating along the backbone of the molecule (PÖ).61 This 

step occurs continuously and stops once all of the monomer units have been bonded together. The 

polymer is terminated by the halogen species that was originally bonded to the initiator as the 

catalyst ñterminatesò the initiator and the polymerization is ended. Additionally, ATRP is a living 

polymerization, meaning that the process can be stopped and restarted. This process is ideal for 

co-block polymerizations as one block can be polmerized, stopped, and a second monomer can be 

polymerized onto the first block. This facilitates an effective and controlled synthesis.60,61  

Another type of radical polymerization is nitroxide mediated polymerization (NMP). This 

method is akin to ATRP although makes no use of metal species and is usually initiated and/or 

mediated by TEMPO, or other radical nitroxide functional molecules (nitroxide = N-OÅ). 
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1.5.2.1 Copper(I/II) Catalysts in ATRP 

ATRP, when it was first discovered, primarily used copper(I) catalysts as they could 

accommodate the halogen initiative species in their coordination sphere, lead to minimal side 

reactions and its higher oxidation state (Cu2+) can be easily accessed. The first copper complex to 

be used in this manner by Matyjaszewski is the in situ generated catalyst, copper(I)bipyridine 

chloride.60 Their catalyst worked efficiently, giving PDIôs < 1.5 (narrow molecular weight 

distributions). They noted that without the additive (bpy) the molecular weight and PDI were ill 

controlled and gave poor results.60 Matyjaszewski and co-workers have been building to expand 

this field with the use of their copper catalysts by varying the coordinated ligand.62 Different ligand 

scaffolds theyôve recently used (see, Scheme 18) contain four N-donor atoms, are potentially 

tetradentate ligands. Currently, their pre-catalyst [Cu(TPMANMe2)Br)][Br] exhibits the highest 

kATRP (= 1), meaning the rate at which ATRP can be started and the rate at which it can be stopped 

are almost equal. A good ATRP catalyst has a kARTP value of 1, meaning the ease of which 

polymerization and be started and stopped and started again is high, making an effective catalyst 

for co-block polymerizations. This means for a true reversible, radical polymerization.62 

 

Scheme 18: Matyjasewski's varying ligand design for copper ATRP catalysts. 

 



 

16 

 

1.5.2.2 Cobalt(II/III) Catalysts in ATRP 

Since the discovery of ATRP, chemists have set out to find other metal containing-

complexes that can perform ATRP more efficiently that its copper predecessors. Simple systems 

such as Q and R (Scheme 19) as well as more complexes systems such as S have been recently 

explored.  

 

Scheme 19: Relevant cobalt(II) ATRP catalysts 

Matyjaszewski and co-workers have also tested a simple cobalt catalyst (R) analogue in the 

polymerization of MMA and styrene.63 This catalyst was specifically tested in the co-

polymerization of two different acrylate species, ultimately terminated by TEMPO. Here they 

observed narrow PDIôs (< 1.2) at very high conversion rates with high molecular weights (~ 40 

000 Da).63 The Zhang group have shown with their cobalt catalyst (Q) they can achieve very high 

molecular weight with high conversion rates with narrow PDIôs (< 1.35). What is interesting about 

their synthesis is that theyôve used RAFT agents to neatly facilitate polymerization via an ATRP 

mechanism.64 More recently, the Yan group have showcased the catalytic ability of the cobalt 

enriched polymer. With this macromolecule, they could polymerize a variety of acrylates (PMMA, 

40 % conversion, PDI = 1.84) as well as styrene (PS, 42 % conversion. PDI = 1.92) in modest 

yields and narrow dispersities.65  
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1.6 Past Work  

Previous work in the Gossage group on this project pertains to synthesis of the target ligand 

series as well as preliminary coordination work with copper20 and cobalt.66 Pertaining to ligand 

synthesis either Tohdaôs, or Meyerôs procedures (Scheme 8, Scheme 9) were used to synthesize 

T1-4, D, E (Scheme 20).  

 

Scheme 20: A library of ligands leading towards the formation of k2-N,O-donor complexes 

Compound D was selected as a candidate to test the coordination abilities of the ligand series. The 

compound was ligated to a copper metal center and is observed to be the deprotonated enolate 

form of the ligand. This work was repeated with a cobalt metal salt to receive T1-3, U1/2, D 

(Scheme 21).66 The reaction, although low yielding (in the case of Co/Cu), worked well enough 

to isolate single crystals of each of the synthesize species.  

 

Scheme 21: Complexation of T1-4/U1-2/D to a cobalt(II) metal center 
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1.7 Objective of This Thesis 

The purpose of this thesis is to synthesize, characterize and expand the already established 

library of k2-N,O-bidentate oxazoline ligands. Varying the -R substituents as well as the 

substituents on the 4-position of the oxazoline (-Rô) will influence the electronic properties of the 

ligand therefore varying the redox properties of the metal complex. The series of k2-N,O-bidentate 

ligands will be coordinated to either cobalt, copper or iridium, to obtain novel Group 9 and 11 

complexes (Scheme 22). All organic compounds will have their purity tested by a series of NMR 

techniques and melting point. All transition metal complexes will be characterized by UV-Vis, IR, 

CV, X-ray diffraction, MS, melting point, and a combination of NMR spectroscopy experiments. 

The complex series will be trialed as polymerization catalysts with monomers such as methyl 

methacrylate. Oxidation of an Iridium(I) centered complex giving two novel Iridium(III) 

complexes will  be explored and characterized by IR, a combination of NMR spectroscopic 

experiments and X-ray diffraction where applicable. Synthesis of Rhodium complexes will  also 

be attempted. 

 

Scheme 22: Selected compounds/complexes synthesized during this thesis. 
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2.0 Results and Discussion 

2.1 General Considerations 

Each of the following reactions (Sec. 2.2-2.4) were completed in either the exact method 

or an adaption of the methods first used by Tohda et al.,8,35 Pittman and coworkers,9 or Meyers 

and collegues34 and are referenced appropriately to their article or origin. The metal complexation 

reactions were modified from a preparation by Gossage et al. to further optimize their synthesis.20 

The ligands can be obtained in one to two steps and the metal complexes can be obtained in an 

additional one to two step(s). Samples of compounds 3i and 4i were obtained from J. Adjei 

(Ryerson University), synthesized by the same methods as described below.67 

 

2.2 Synthesis and Characterization of Intermediate Compounds (3a-i, 5a-d)  

The diacylated intermediate compounds (3a-i) were synthesized using commercially 

available 2,4,4-trimethyl-2-oxazoline (1a) and the corresponding acid chloride. In each case, 1 

equivalent of 1a was heated to reflux with 2.2 equivalents of the acid chloride (2a-i) and 3 

equivalents of NEt3 in acetonitrile for three hours (Scheme 23). After which, the mixture is filtered 

to exclude the triethylammonium chloride salt formed. Once all volatile components have been 

removed, the mixture is subjected to two washes; the first with equal parts chloroform and distilled 

water, and the second wash with equal parts chloroform (previous wash) and a 5 % solution of 

sodium carbonate in water (Na2CO3(aq)). The washes extract excess triethylamine (and 

[NEt3][HCl]) as well as by products such as benzoic acid derivatives. All impurities are assumingly 

removed in the washing process. The organic phases were dried (MgSO4 or Na2SO4), filtered, then 

all remaining volatile components were removed under vacuum. Once removed, the crude product 

was revealed as a yellow-orange sludge. The crude mixture is purified by recrystallizing with a 
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1:1 toluene/n-hexanes combination, except for 3d which was done with a 1:2 mixture of toluene/n-

hexanes. Depending in on the ñRò substituent, the pure product emerged was either a light orange 

or a pale yellow solid. Yields ranged accordingly to the steric bulk associated with the ñRò group 

itself with seemingly little to no electronic influence of the substituents in the variable group. The 

obtained yields were moderate to excellent for the intermediate species (45-99 %) 

 

Scheme 23: General reaction conditions for the formation of 3a-i. Compound 3i was supplied by J. Adjei.  

 All compounds are novel, with the exception of 3a/c/h/i20,35,67 which are known in the 

literature. For all the synthesized intermediate species, characterization was carried out by melting 

point (mp), NMR, TLC and in the case of the novel compounds by elemental analysis (EA). For 

these intermediate compounds, the 1H-NMR spectrum generally displays eight to eleven different 

proton environments for the aryl derivatives (3a-g/i) and five different proton environments for 

the alkyl derivative (3h).  
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Figure 2: One of the intermediate compounds, 3e, labeled for aid in NMR discussion. 

 

Figure 3: 1H-NMR spectrum of 3e. 

Resonance signals indicative of the desired product are those of positions 1, 3, 5 and the 

overall ódoublingô of aryl resonance signals (Figure 2). These protons (1, 3, 5) resonate at 

approximately dH = 1.55, 4.25, 5.00 ppm depending on the ñRò group attached to the carbonyl 

group at position 6. Specifically, 3e displays resonance signal at dH = 1.62, 4.33 and 4.95 ppm 

(Figure 3). 

For this compound (3e), there are six distinct aromatic signals which resonate between 7.0-

8.0 ppm. Of these signals, two display doublet character due to their four-bond coupling (4J) with 

either the protons on the neighboring carbonôs methyl group or from the other ortho carbonôs 

1 

3 
5 
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proton. The other four signals show a characteristic doublet of doublets splitting pattern. This 

splitting pattern is indicative of a proton interacting with an immediate neighboring proton (3J) 

and with second order effects from a further proton (4/5J).  

 

Figure 4: 13C-NMR spectrum for 3e. 

In the carbon NMR (13C-NMR) spectra, there are generally fifteen to twenty-three different carbon 

environments for the aryl species (3a-g) and eleven different carbon environments for the alkyl 

species (3h). The frequency of which the carbons at positions 1, 3, and 5 (Figure 2) resonate are 

the first sign of the successful synthesis of the target intermediate species. In general, these 

positions resonate at approximately dC =25, 80 and 100 ppm for 1, 5, and 3 respectively. Like the 

proton NMR spectrum, these signals vary greatly depending on the ñRò group attached to the enolic 

carbonyl. For this compound, 3e, the carbons 1, 5 and 3 resonate at dC =22.8, 79.8, 85.4 ppm 

respectively (Figure 4). By observing the coupling constants and a variety of two-dimensional 

1 

3 
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NMR experiments (COSY 1H-1H, HSQC 1H-13C, HMBC 1H-13C) assignments have been made to 

each of the compounds.  

The second variety of diacylated compounds (5a-d) were made in a similar manner where 

the only starting oxazoline differed to 2-methyl-2-oxazoline (1b). In each of the four cases, 1 

equivalent of 1b was refluxed with 2.2 equivalents of the corresponding acid chloride and 3 

equivalents of NEt3 in tetrahydrofuran for 3 hours (Scheme 24). This process differs from the 

synthesis of 3a-3g as described by Pittman and coworkers as the reaction leads to a ring-opened 

chlorinated intermediate, 5, as displayed.9 

 

Scheme 24: General procedure on how to synthesize diacylated compounds 5a-d. 

After completion of the reaction, the salt is filtered from the solution where then the volatile 

components can be removed. The sludge is afterwards subjected to two washes, once with equal 

part chloroform and water and the second wash with equal parts chloroform and a 5 % solution of 

Na2CO3(aq). All resulting impurities were removed during the washing process. The organic phases 

were dried (MgSO4 or Na2SO4), filtered, then all remaining volatile components were removed. 

Once removed, the crude product was revealed as a yellow-orange sludge. The crude mixture was 

attempted purification by recrystallizing with a 1:1 mixture of toluene/n-hexanes, as in the 
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methylated oxazoline compounds (3). All attempts in this matter lead to the mixture of compounds 

oiling out of solution together instead of solidifying and recrystallizing separately (Figure 5).  

 

Figure 5: A- Prior to work-up, before filtering the salt ([NEt3][HCl]), B- After work-up and attempted 

recrystallization (5a). 

Thus, the intermediate species (5a-d) were attempted to be purified by column chromatography, 

although all attempts were met with failure as there were various impurities mixed together with 

similar retention factors in the case of 5d. It is known as revealed by Pittman and co-workers9, that 

2-methyl-2-oxazoline undergoes a ring opening mechanism when reacted under the same 

conditions as described above.35 This, most likely, gave the intermediate species as a ring open 

oxazoline (5) instead of the target ring closed oxazoline species (3). Although by careful column 

chromatography a sample of 5d was obtained. Compound 5d recrystallized from 45% EtOAc/n-

hexnaes and was obtained as a fully off-white powder. This sample was characterized only by 1H-

NMR spectroscopy. In the 1H-NMR spectrum signals corresponding to the proposed compound, 

5d, have been observed (Figure 6).  
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Figure 6: 1H-NMR spectrum of 5d. 

 

Figure 7: Zoom in on the aromatic region in the 1H-NMR spectrum of 5d. Coupling constants are displayed. 
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When looking at the coupling constants of the aromatic region, there are four resonance signals 

which coupling to other one other aromatic resonance signal. Their corresponding 3J values 

correlate to one other signal, which is indicative of a para substituted phenyl ring (Figure 7).  

The use of these intermediate compounds will be detailed in Section 2.3 (compounds 3a-

i) and Section 2.4 (compounds 5a-d). 

 

2.3 Synthesis and Characterization of a Ligand Series with 1a (4a-i and 4j-l) 

2.3.1 Synthesis and Characterization of ligands 4a-i 

Once the intermediate compounds have been obtained, they are subjected to a 1.5 M 

methanolic potassium hydroxide solution (KOH dissolved in MeOH). 

 

Scheme 25: Formation of the ligand series with reacted initially with 1a. Compound 4i was made by J. Adjei.  

These basic conditions cleave the C-N bonded acyl group. Typically, the reagents are stirred at 

room temperature for six hours. Once the reaction time elapsed, all volatiles are removed from the 

flask and are subjected to two washes with distilled water. During the second distilled water wash, 

sometimes a scoopula tip of brine is added to help separate the layers. The organic phase is dried 
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(MgSO4), filtered and again volatile components are removed. The resulting pale yellow or light 

orange sludge is recrystallized with a 1:4 mixture of toluene/n-hexanes. This reveals the target 

ligand as either pale yellow needles (4d-i) or white needles (4a-c) in moderate to high yields (23-

99 %). 

All compounds are novel, with the exception of 4a/c/h20,35 which are known in the literature 

and 4b/g/i67 which have been previously synthesized by our group.66 For all the synthesized ligand 

species, characterization was carried out using their melting point (mp), NMR spectroscopy (a 

combination of various 1D/2D experiments), TLC and in the case of the novel compounds by 

elemental analysis (EA). The ligand series exhibits  characteristic resonances in both the proton 

and carbon NMR spectra. Such as the case of 4e series (Figure 8), the proton NMR spectrum 

displays all the characteristic resonance signals for the target ligand series. 

Resonance signals for the two-methyl groups (~1.43 ppm) and the CH2 (~4.15 ppm) on the 

heterocycle as well as the enolic resonance (~5.50 ppm) support the formation of the ligand. For 

more evidence the aromatic region can be examined. In this case in the aromatic region there are 

three signals being split to observe a doublet (~7.23 ppm), a doublet of doublets (~7.62 ppm), and 

a singlet with distinguishable 4J coupling to another proton environment to give a doublet (~7.82 

ppm).  
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Figure 8: 1H-NMR spectrum of 4e, boxed in regions depict characteristic signals for 4 (red = alkyl, green = 

aromatic).  

 Positions 8, 10 and 11 have been assigned by a variety of 2D-NMR experiments (COSY, 

HSQC and HMBC). Using COSY and HSQC NMR spectra all positions except for those at 8, 10-

11 have been assigned, making it easier to focus on the three aromatic carbons without protons. 

An HMBC NMR spectrum (Figure 9) revealed all the positions in question which have 

neighboring carbons that have protons associated with them (C-C-H, an interaction with the 

adjacent carbons proton). Specifically, in the aromatic region it disclosed the strong interaction of 

proton 9 to carbons with chemical shifts of dC = 134.3 and 138.5 ppm. Similarly, another strong 

interaction of proton 13 to carbons with the chemical shift of dC =138.5 ppm. Lastly the proton at 

position 12 exhibited communication to carbons at chemical shifts of dC =134.3 and 139.3 ppm. 

For one last piece of evidence, the interactions between the carbonyl and the rest of the aromatic 

ring can be considered. The carbonyl group (7) is shown to be interacting with both protons at the 
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9 and 13 positions. Meaning those carbons interacting with position 12 must be situated opposite 

to the oxazoline. With this information one can deduce the correct assignments of positions 8, 10 

and 11. Position 8 lies next to the carbonyl as it interacts with protons 9 and 13, position 11 is the 

chlorinated carbon in the para-position (this is supported by its very downfield shift), and position 

10 (the only remaining assignment) is the methyl-carbon meta to the carbonyl.  

 

Figure 9: HMBC-NMR spectrum of 4e. (blue = aromatic interactions, green = carbonyl interactions) 

2.3.2 Synthesis and Characterization of ligands 4j-l 

To make shorter alkyl variants of the target ligands series different reaction pathways were 

explored. The first is the reaction of 1a with either trichloroacetyl chloride (TCAC) or with 

trifluoroacetic anhydride (TFAA). Once activated by the pyridine, the tri-halogenated species 

become very reactive and thus the reaction mixture is kept cold. This synthetic methodology has 

been described by Tohda et al.8 The reaction was done by cooling all reagents down in separate 

flasks then by adding the oxazoline and pyridine together in ACN. Once the tri-halogenated species 

was cooled it was added dropwise to the stirring solution of 1a/py. The reaction was stirred at 0 

°C for 6 hours. After the reaction was completed the volatile components were removed in vacuo. 

The resulting sludge was dissolved in distilled water and washed with DCM twice. The organic 
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phased was dried (MgSO4), filtered and again the volatile components were removed. The sludge 

was dissolved in hot n-hexanes and left to recrystallize. This revealed the product (both 4j and 4k) 

as white powder. This reaction is done in a 1:2.2:2 ratio of 1a:TCAC/TFAA:py (Scheme 26). 

 

Scheme 26: General reaction of tri-halogenated species with 1a to give the target alkyl ligands. 

 The alkyl ligands, 4j/k, were analyzed by both 1H- and 13C-NMR spectroscopy where all 

characteristic resonance signals were observed as in the literature.8 In addition, compound 4j gave 

one resonance in the 19F-NMR spectrum at dF = -79.8 ppm as expected (Figure 10).8 

 

Figure 10: 13C- and 19F-NMR spectrum of 4j. 
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The second reaction pathway known to produce alkyl derivative of 4 is the lithiation of 1a 

followed by nucleophilic substitution of ethyl acetate to form 4l (Scheme 27).34  

 

Scheme 27: The synthetic route of 4l. 

This reaction was carried out by first chilling 1a in ACN to - 84 °C, this is done by creating 

a cold bath by freezing ethyl acetate with liquid nitrogen. Once chilled, n-BuLi is added dropwise 

with rapid stirring of the oxazoline solution. This would lithiate the methyl on the 2 position of the 

oxazoline (Scheme 27). This then was stirred, initially at - 84 °C but was left to gradually warm 

to room temperature, overnight. Once completed, the lithio oxazoline species was cooled back 

down to - 84 °C where cold, dried EtOAc (4Å sieves and MgSO4 for 3d, - 26 °C) was added 

dropwise. This solution was left to stir for 2 hours, where the solution was warmed to room 

temperature, to let it fully react. Upon completion, distilled degassed water was added slowly to 

the solution to quench excess n-BuLi. The mixture was washed with diethyl ether twice, the 

organic phased dried (MgSO4), filtered and had all the volatile components removed. This left 

behind a white sludge which was attempted to be recrystallized by washing with cold n-heptanes. 

The isolated material was analyzed by 1H- and 13C-NMR spectroscopy.  
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Figure 11: Crude 1H- and 13C-NMR spectra of the mixture of 4l and 1a2. 

When analyzed by NMR spectroscopy, a mess of resonance signals sprouted in the alkyl region of 

the proton NMR spectrum and in the sp2-C/alkyl regions of the carbon NMR spectrum (Figure 

11). This impurity, previously reported by Meyers and coworkers, is said to be a dimer (Scheme 

27).34 This oxazoline dimer, 1a2, is most likely synthesized in the lithiation step; presumably if a 

lithio-oxazoline species finds another molecule of 1a before it finds its target (EtOAc) and hence 

a dimer is formed. Compound 1a2 was not isolated from this reaction but was instead treated with 

warm distilled water (60 °C) for four hours while stirring.34 The solution is washed again, with 

diethyl ether twice. The organic phase is dried (MgSO4), filtered and had all the volatile 

components removed. This process cleaves the oxazolidine moiety and gives 4l. When pure 4l is 

analyzed by 1H- and 13C-NMR spectroscopy, both the enamine and the keto form of the ligand are 

observed in a 10:1 ratio (E:K) as noted by Meyers et al. (Figure 12).34 
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Figure 12: 1H- and 13C-NMR spectra for 4l. The enamine and keto forms are present in a 10:1 ratio. 

2.4 Synthesis and Characterization of a Ligand Series with 2-methyl-2-oxazoline (6a-d) 

All these compounds (Scheme 28) are known in the literature expect 6b. Compounds 6c/d 

are known but have been synthesized by reacting a dithio ketene (made by reacting CS2, NaH with 

acetophenone [Sec 1.3.2.3]) with 2-amino-2-methyl-1-propanol. This way the target compounds 

are made in moderate yields (49-63 %).7,8 In this study, Pittman and co-workersô procedure9 was 

more closely followed for the synthesis of 6a, whereas Tohdaôs procedure was followed in an 

attempted to synthesize 6b-d.35  

 

Scheme 28: Formation of the ligand series with reacted initially with 1b. 

Just like prior routes to make 4a-i, 6a-d were synthesized by dissolving the crude mixture 

of 5, previously noted in Section 2.4,  in a 1.5 M solution of potassium hydroxide (KOH) dissolved 
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in methanol (MeOH) (Scheme 28). This basic mixture facilitates the cleavage of the C-O and then 

the C-N acyl groups as well as reforming the heterocyclic ring. Once the 18-hour reaction period 

is over, the solution is filtered so that any precipitated salts can be excluded. A 1.0 M solution of 

sulphuric acid in water (H2SO4(aq)) is added dropwise with stirring to MeOH solution to obtain a 

pH neutral state. Once neutral, the solution is washed with distilled water twice. The organic 

phased is dried (MgSO4), filtered and all volatile components are removed. 

 

Figure 13: A- 6a after attempted recrystallization, B- before work-up of 5a to 6a 

The resulting dark red/brown sludge was attempted to be recrystallized with varying ratios of 

toluene/n-hexanes although each time the ligand óoiledô out of solution instead of solidifying 

(Figure 13). Column chromatography eluting with 30 % acetone/n-hexanes as in the Pittman 

procedure, was then employed for purification. The target, 6a/c (33-64 %), were isolated as pale-

pink powders whereas 6b was isolated as a pale-yellow powder (83 %).  Unfortunately, all 

attempts to synthesize compound 6d resulted in failure. Regardless of purity of 5d, when subjected 

to the basic KOH/MeOH mixture the compound was not able to be isolated. The reaction was tried 

several ways, including varying reaction time, KOH concentration, and purifying the intermediate 

species. 
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Scheme 29: Attempted synthesis of 6d. 

Once the reaction was completed and volatiles removed, the sludge was washed twice with water, 

although each wash became progressively harder and harder to separate. The addition of several 

milliliters of brine (and eventually replacing water with brine) aided in separation. Regardless of 

good separation of the phases, when it came to preforming the column (eluting with a 30 % 

acetone/n-hexanes gradually raised to 100 % acetone in some cases), the well separated fractions 

did not contain the desired product (Figure 14). Due to time constraints, further attempts to yield 

6d were abandoned.  

 

Figure 14: An example of one of the repeated attempts to synthesize 6d by Tohda's method. (1H-NMR spectrum) 
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These compounds (6a-c) were analyzed by their characteristic resonance signals in their 

1H- and 13C-NMR spectra. In the 1H-NMR spectrum, the two methylene groups (both of those on 

the heterocycle [1,2]) resonate in the alkyl region at approximately dH = 3.86 and 4.54 ppm for 

positions 1 and 2, respectively. The absolute assignment of these two protons can be affirmed by 

their coupling constants. Where the signal at dH =3.86 ppm has a 3J = 8.54 Hz and the dH =4.54 

ppm signal has also a 3J = 8.54 Hz. Since these two values are the same (as well as taking their 

splitting patterns into consideration) it can be assumed that they are indeed coupling to one another, 

making them neighbours and suggesting their assignments are correct.  

For this compound, 6b, another characteristic feature of its isolation lies within the 

aromatic region. In this region, there are three resonance signals with splitting patterns of a doublet, 

a doublet of doublets, and a doublet (due to long-range splitting with a close proton) (Figure 15). 

As before, these signals can be assigned by calculating their coupling constants. The coupling 

constants of those in Figure 15 labeled as 8, 12 and 11 are J = 1.99 Hz, J = 8.54, 1.99 Hz, J = 8.54 

Hz. Using the same path of thinking as before the protons can be properly assigned. Displaying a 

smaller coupling constant is indicative of coupling with a proton neighbor more than 3 bonds away. 

Here, protons 8 and 12 are interacting and because of this give the 4J coupling constant of 1.99 Hz. 

The same can be said for proton 11, as it only interacts with proton 12. Thus, giving the 3J coupling 

constant of 8.54 Hz. With the calculated coupling constants as well as analyzing their splitting 

pattern protons 8, 12 and 11 can be and have been correctly assigned. This method was taken into 

consideration when assigning the protons and carbons (above, Sec. 2.3.1) for both 6a and 6c. 
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Figure 15: The 1H-NMR spectrum for 6b 

2.5 Synthesis and Spectrochemical Investigation of Transition Metal Complexes 

Using the fifteen derivatives produced of the 2-acylmethyl-2-oxazoline scaffold, the 

synthesis of several copper and cobalt complexes were undertaken. These complexes were initially 

made using the preparation described by Gossage et al. but was later altered to further optimize 

reaction conditions.20 Two equivalents of 4 or 6 are dissolved in EtOH and 2.3 equivalents of NEt3 

are added. Separately, 1 equivalent of a metal nitrate salt (Co(NO3)2·6 H2O or Cu(NO3)2·2.5 H2O) 

is dissolved in EtOH. The metal solution is syringed into the ligand solution while stirring. A 

noticeable colour change occurs and, in most cases, immediate formation of a coloured precipitate 

is noted (Scheme 30).  
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Scheme 30: A general metal complexation reaction of 4 or 6 to either Cu or Co. 

Another explored route was that shown in Scheme 31. This involves in situ generation of the 

ligand where it immediately coordinates to the metal. Potassium hydroxide is dissolved in MeOH 

to make a 1.5 molar solution. Once dissolved the intermediate species is added, at room 

temperature, to the basic mixture. After fully dissolved, the metal salt is added to the stirring 

solution as a solid. After approximately 10 minutes, a colour change can be observed from the 

starting dark red colour to a lighter orange (cobalt) or dark green (copper) with a notable amount 

of precipitate. Once the reaction is done, all volatile components were removed. The blackish 

sludge is diluted with DCM and washed with a 1.0 M solution of NaCl in water. In the cobalt 

complexation reaction, 3 layers are obtained in the separatory funnel; the clear aqueous layer, the 

bright red organic layer, and a third black layer (not observed in the copper complexation reaction). 

This black layer likely contained some Co(OH)2, insoluble in most organic solvents (and water to 

an extent). The organic phased is dried (MgSO4), filtered and all volatile components are removed. 

In the case of both reaction pathways, the precipitates are recrystallized by slow evaporation of a 

solution of 1:1 DCM/MeOH. This method is effective for all ligands tested as detailed below.  
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Scheme 31: An alternate route to Cu/Co complexes from 3 or 5. 

2.5.1 Copper Complexes (7a-l) 

One alkyl and eight aryl derivatives of the copper complexes were made in moderate to 

excellent yields (Scheme 32) and synthesized in one of two methods previously described. The 

colour of the reaction solutions was initially clear or pale yellow (depending on the colour of the 

pure ligand) and turned a dark green-brown when the sky-blue metal salt was added. All copper 

complexes were characterized by cyclic voltammetry (CV), elemental analysis (EA), their melting 

point (mp), IR spectroscopy, Ultraviolet-visible spectroscopy (UV-Vis), and in some cases, single 

crystal x-ray diffraction.  

 

Scheme 32: Towards copper complexes with the ligand series 4. 
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Since these complexes have a presumed metal electron configuration of d9, they are 

paramagnetic in nature, meaning they have one unpaired electron. This unpaired electron makes 

analyzing by NMR spectroscopy less conclusive. In the 1H-NMR spectrum, the closer a proton is 

to the paramagnetic center the broader the resonance signal will be for that proton (Figure 16).68 

Due to this behaviour, other methods of characterization had to be used such as IR, X-ray, and 

UV-Vis.  

Infrared spectroscopy shows the interaction of the ligand with the metal by observing a 

shift in the absorbance frequency when comparing to the free ligand. The stretching frequency 

assigned to either the C=C or C=N bond(s) resonate within a range of 1514-1548 cm-1, which is 

far lower than the reported values of the bare ligands (1615-1635 cm-1).35 The Cu center is 

presumably drawing electron density away from the bound ligand. 

 

 

Figure 16: 1H-NMR spectrum of 7a (paramagnetic). 
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Figure 17: An example of a UV-Vis spectrum of copper complexes (7e). 

The UV-Vis spectra bore assigned d-d transitions in the visible region and metal-to-ligand charge 

transfer (MLCT) bands in the ultraviolet region (Figure 17). The lower energy absorptions, in the 

ranges of 423-457 nm, are representative of a d-d transition. These transitions are seen due to the 

dark green-orange colour of the copper complexes (in solution). This higher energy absorptions in 

the range of 243-276 nm, have been assigned to the ˊ- ˊ* transition localized about either the 

aromatic ring (C=C) or the imine (C=N) within the oxazoline ring. This is likely the case as MLCT 

transition bands are primarily observed in low oxidation state metals whereas LMCT bands are 

more often observed in higher oxidation state transition metal complexes. The spectroscopic data 

obtained had confirmed the electronic properties of the complexes, such as aiding in differing the 

electron withdrawing complexes, 7b, from the electron donating complexes, 7d. The complexes 

bearing electron withdrawing ligands, 7b/e-f, experience a red shift (to lower frequencies). 
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 To elucidate the exact structure of the copper complexes, we turned to single-crystal x-ray 

diffraction (x-ray crystallography). The structures were collected by Dr. Alan J. Lough at the 

University of Toronto at 150 K. Single crystals were obtained after slow evaporation of a 1:1 

solution of DCM/MeOH. The crystals were washed with cold MeOH and dried over vacuum. This 

revealed the crystals as dark green-brown needles for 7a/c-i, as well as a mixture of green plates 

and brown needles for 7b. X-ray crystallography was only performed on 7g-h to help confirm the 

relative structure of the other derivatives. Structures of 7a and 7i have already been solved by our 

group.20,66 Figure 18 shows the ORTEP drawings of 7g and 7h obtain via x-ray crystallography.  

 

Figure 18: ORTEP drawings of the unit cell of 7g and 7h (x-ray crystallographic representation) 

Of these two compounds, 7g exhibits a square planar geometry around the metal center 

while 7h (along with other Cu complexes analyzed by our group) exhibit a distorted square planar 

geometry. The geometry can be properly determined by calculating the t4 value (geometry 

index).69,70 When the calculated geometry index is 0 the complex is said to be square planar, 

whereas then the index is calculated to be 1 the complex holds a tetrahedral geometry. Pictured 

below in Equation 2 are the calculations for their t4 values. Where q is the ideal bond angle for a 

tetrahedral compound (109.5 °), and where a and b are the two largest angles amongst the 

coordination center. The calculated values for 7g and 7h as well as other similar copper complexes 

by our group are in agreeance with those in the literature as d9 copper complexes normally adopt 
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a more square planar geometry. A reason as to why 7g adopts the perfect square planar geometry, 

where 7h does not, may be due to the steric effects of the ligand. The ligand (4g) when bonded to 

the copper center presumably imposes an axis of chirality, there the napthyl rings prohibit free 

rotation about the Cu center. The methyl groups on the oxazoline as well as the napthyl group 

appended on the opposite end of the ligand make it so that it can lock the orientation of the 

complex, making it unable to twist in such a way that 7h has. This phenomenon has been observed 

previously by our group where the oxazoline has been modified to a bulky chiral derivative. The 

chiral ligand locks the rotation of itself, against the other ligand, pinning it in place.20,66 As per 

their unit cell parameters, both compounds crystallized in the triclinic crystal system and both 

adopt the P-1 space group. Relevant bond lengths and angles are displayed in  

Table 1 and Table 2. The angles are used to calculate the t4 values, which give the 

corresponding value concluding their distorted square planar geometry. 7h, giving a t4 value of 

0.49 confirms the distorted geometry, adopting a more seesaw geometry about the Cu center, 

whereas 7g adopts a perfect square planar geometry. The average length for a Cu-O bond is 1.982 

Å and for a Cu-N bond is 2.036 Å. The experimental bond lengths and angles for 7g and 7h are 

consistent with other N,O-donor ligand complexes in the literature.20,47 

Equation 2: Calculating the geometry index of 7g and 7h. 

 

 

Table 1: Relevant bond angles (°) and bond lengths (Å) for 7g 

Bond Lengths (Å) Bond Angles (°) 

Cu(1)-O(1)#1 1.9122(10) O(1)#1-Cu(1)-O(1) 180 
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Cu(1)-O(1) 1.9122(10) O(1)#1-Cu(1)-N(1) 88.54(5) 

Cu(1)-N(1) 2.0007(11) O(1)-Cu(1)-N(1) 91.46(5) 

Cu(1)-N(1)#1 2.0007(11) O(1)#1-Cu(1)-N(1)#1 91.46(5) 

  O(1)#1-Cu(1)-N(1)#1 88.54(5) 

  N(1) ïCu(1)-N(1)#1 180 

 

Table 2: Select bond angles (°) and bond lengths (Å) for 7h. 

Bond Lengths (Å) Bond Angles (°) 

Cu(1B)-O(1B) 1.923(2) O(1B)-Cu(1B)-O(3B) 144.32(9) 

Cu(1B)-O(3B) 1.928(2) O(1B)-Cu(1B)-N(2B) 97.60(10) 

Cu(1B)-N(2B) 1.933(2) O(3B)-Cu(1B)-N(2B) 92.58(9) 

Cu(1B)-N(1B) 1.942(2) O(1B)-Cu(1B)-N(1B) 92.50(9) 

  O(3B)-Cu(1B)-N(1B) 98.69(9) 

  N(2B)-Cu(1B)-N(1B) 144.66(10) 

 

For compound 7b, two different forms of crystals were obtained. From a reaction where 

the Cu metal salt was CuBr2 the crystals took the form of brown needles. Whereas when the metal 

salt was Cu(NO3)2 Ö 2.5 H2O, the crystals took the form of green plates (Figure 19). This strange 

type of behaviour was first noted when the metal salt was first added to the stirring ligand solution 

where the copper(II)bromide solution was notably dark brown in colour, and the copper(II)nitrate 

solution was a lighter brown-green colour. Once the precipitates were collected the colour 

difference was more noticeable, where the nitrate derived complex appeared as a dark green 

powder and the bromine derived complex appeared as a dark brown powder. Upon crystallization 

and analysis by IR spectroscopy, an obvious variance between them was revealed. The brown 

needles gave the C=N/C=C bond stretch at 1455 cm-1, whereas the green plates gave, presumably, 

the same IR bond stretch at the much higher value of 1531 cm-1.  
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Figure 19: Possible polymorphic behaviour in 7a/b. 

When sent for crystallographic analysis the green plates were determined to be the same material 

that was previously published by Gossage et al.20 The brown needles have yet to be analyzed by 

x-ray crystallography but are assumed to be a polymorph of 7a, perhaps differing by packing 

within the unit cell. This behaviour has been assumed for complex 7b as it also displayed similar 

characteristics. 7b precipitates out of solution as a brown or green powder (copper(II)bromine and 

copper(II)nitrate respectively) but when crystallized, both take the same crystal form (Figure 20). 

 

 

Figure 20: Both brown and green powders crystalline forms for 7b. 
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To work catalytically, many Cu and Co systems function by reversible redox events taking 

place within the metal complex, whether itôs a reversible oxidation or reduction or both. This can 

be explained by cyclic voltammetry (CV). Thus, CV was performed by taking a blank sample of 

only the electrolyte, dissolving ~193 mg of [N(n-Bu)4
+][PF6

-] in sparged DCM (0.1 M) then 

dissolving ~20 mg of 7. After blank and sample analysis, ferrocene (0.1 mg) was added to the 

solution to serve as an internal standard. All scans, unless otherwise stated, started with the 

oxidative sweep then switched to the reductive sweep at the indicated potential. The scan rate was 

held constant at 100 mV/s for all scans unless otherwise stated. When tested for their redox 

capabilities, none of the synthesized Cu complexes displayed favourable redox reversibility.  

 

Figure 21: Voltammogram of 7h/i displaying irreversibility and ligand reduction. 

Instead, they either exhibited irreversible oxidation presumably from Cu(II) to Cu(III), 

poor reversibility (7h) or in the case of 7i, likely reduction of the p-NO2 group within the ligand. 

This was the case regardless of the scan rate used, step in potential or direction of initial potential 

(starting with the reductive sweep instead of an oxidative sweep). In each case (alkyl and aryl), 

these undesirable properties were observed (Figure 21). In the interest of making new catalysts, 

these copper complexes would likely not be active in redox mediated chemistry and therefore we 

have halted their study in this area at this time.  
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2.5.2 Other Copper Complexes (8a-c) 

One aryl derivative was successfully synthesized (8a, 70 % yield) and two other aryl 

derivatives were attempted (8b and 8c). Their synthetic scheme followed one of two methods 

previously described (Scheme 33). All copper complexes were characterized by cyclic 

voltammetry (CV), their melting point (mp), IR spectroscopy, ultraviolet-visible spectroscopy 

(UV-Vis), and mass spectrometry (MS).   

 

Scheme 33: Synthesis of Cu complexes with 6. 

As in the preceding section, these complexes have a formal metal based electron configuration of 

d9 meaning they are paramagnetic in nature. This coupled with their limited solubility in any 

organic solvent made them very difficult to characterize. Unfortunately, due to this solubility issue 

(insoluble even in DMSO and DMF), the compounds were unable to be recrystallized for x-ray 

crystallography purposes.  

Unfortunately, 8a did not give a molecular ion (M+) when analyzed by mass spectrometry. 

Due to the poor results of MS, 8a and 8b were sent for elemental analysis (EA) [done by Atlantic 

Microlabs]. The analysis for 8a came back positive, giving elemental percentages within 

experimental error. In contrast, 8b negative results came back, stating that correct compound was 
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not present or highly contaminated. 8a could be dissolved enough to preform UV-Vis spectroscopy 

(as a suspension in solution). Using the EA data, the molar extinction coefficient (e) was estimated 

(Figure 22). 8a exhibited a similar UV-vis profile to those copper complexes known in the 

literature where there are three distinct absorption maxima present in the ultraviolet region (~324, 

~285, ~240 nm) [MLCT].71 In the IR spectra, 8a showcases similar profiles to complexes 7a-i with 

two main strong signals at frequencies of 1540 and 750 cm-1. 

 

Figure 22: UV-Vis profiles for 8a showing three main absorption maxima. 

The attempted synthesis of compound 8c was carried out by adding Cu(NO3)2 to a 1.5 M 

methanolic potassium hydroxide solution after 5d had dissolved. The reaction was stirred at room 

temperature for 22 hours in open air. After the reaction was completed, the volatile components 

were removed and the sludge was diluted with DCM. The organic phase was washed twice, once 

with a 1.0 M solution of NaCl and a second time with a 0.1 M solution of Na2CO3. The organic 

phased was dried (MgSO4), filtered and volatile components were removed. The resulting brown 

sludge was attempted to be recrystallized by two methods; the first was a layering of a mixture of 
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1:1 DCM/MeOH and the second being a vapor diffusion of diethyl ether into a solution of DCM 

and the complex. Unfortunately, none of these two pathways yielded any pure materials.  

 

2.5.3 Cobalt Complexes (9a-l)  

Four alkyl and eight aryl derivatives of the cobalt complexes were synthesized in moderate 

to excellent yields (50-99 %) in one of two methods previously described (Scheme 34). The colour 

of the reaction solutions was initially clear or pale yellow (depending on the colour of the pure 

ligand) and turned a dark orange-red when the magenta-coloured metal salt was added. All cobalt 

complexes were characterized by cyclic voltammetry (CV), elemental analysis (EA), their melting 

point (mp), IR spectroscopy, ultraviolet-visible spectroscopy (UV-Vis), and in some cases, single 

crystal x-ray diffraction.  

 
Scheme 34: Towards cobalt complexes with the ligand series 4. 

This series of cobalt complexes adopt the presumed d7 electron configuration, making the 

paramagnetic analogous to the aformentioned copper complexes. This nature makes characterizing 
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by NMR spectroscopy difficult as most resonance signals appear as broad sinlgets (Figure 23). 

The signals that are more deeply broadened are closer to the Co center whereas the shaper signals 

are further away. Using this, we can approximate the structure although this approximation would 

be a rough guess, at best. Similarly to the Cu complexes, as the Co complexes display this 

paramagnetic behaviour they were analyzed by IR, UV-Vis, EA, their mp, MS, and in most cases 

by x-ray crystallography.  

 

Figure 23: 1H-NMR spectrum of 9a (paramagnetic). 

Infrared spectroscopy showed the interaction of the ligand with the metal by displaying a 

shift in the absorbance frequency when compared to the ligand. The stretching frequency assigned 

to either C=C or C=N stretching resonated within a range of 1498-1525 cm-1, which is far lower 

than the reported values of the bare ligands within the range of 1615-1635 cm-1.35 The C-O 

stretching frequencies were seen at frequencies of 753-767 cm-1, indicative of a change from the 
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free ligand.35 Due to the drastic shift in stretching frequencies in the IR spectra, we hypothesize 

that the Co center is drawing electron density away from the bound ligand. 

The UV-Vis spectra displayed weak d-d transitions in the visible region and metal-to-

ligand charge transfer (MLCT) bands in the ultraviolet region (Figure 24). Lower energy 

absorptions, in the ranges of 534-550 nm, are representative of d-d transitions. These transitions 

are observed due to dark red/pink colour of the solution. This higher energy absorptions in the 

range of 296-321 nm, have been assigned to the ˊ-ˊ* transition localized to either the aromatic 

ring (C=C) or the imine group (C=N). As is the case for the copper complexes, MLCT transition 

bands are primarily observed in low oxidation state metals, such as Co2+. Complexes bearing 

electron withdrawing ligands, 9b/e-f, as well as conjugation extending functional groups (-NO2 

etc.) will experience a bathochromic shift (to a higher wavelength). 

 

Figure 24: UV-Vis trace of 6e. 

UV-Vis trace of 9e in DCM (6.80x10-5 mM) 
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Figure 25: ORTEP representations of 9j-l. 

X-ray crystallography was employed to determine the exact structure for several of the Co 

complexes. These were sent to the University of Toronto, where Dr. A. J Lough analyzed and 

solved each of their structures. Only three structures and their respective data sets were collected 

(9j-l), Figure 25, as our group has previously structurally characterized complexes 9a-c and 9g-

i.66 X-ray quality crystals are grown with slow evaporation of a 1:1 solution of DCM and MeOH. 

Compounds 9a-f/i crystallized as orange needles, 9g crystallizes as dark red cubic shapes, and 

complexes 9h/j -l crystallize as pink rectangular plates.  

The calculated t4 values for these compounds are displayed in Table 3 and suggest the 

complexes adopt a more tetrahedral geometry. This approximation is supported by the relevant 

bond angles in  

 

Table 4, Table 5, and Table 6. Based on the unit cell parameters all three complexes 

crystallized in the orthorhombic crystal system with space groups Pca21, Pbca, and Pna21, for 9j-l 

respectively. It is expected for the Co-N bond to be longer than the Co-O bond as the former is a 

coordination bond, meaning it is not a true bond but a mutual sharing of electrons between the two 

atoms. The average length for a Co-O bond is 1.932 Å and for a Co-N bond is 2.035 Å. The 
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experimental bond lengths and angles for 9j-l are consistent with other N,O-donor ligand 

complexes in the literature.66,72  

Table 3: Calculated t4 values for all Co complexes 

Complex t4  Complex t4 

9i w/ DCM 0.82  9b w/ DCM 0.82 

9a 0.83  9g 0.82 

9h 0.81  9j 0.84 

9i w/ CHCl3 0.82  9k 0.83 

9c 0.78  9l 0.80 

 

 

Table 4: Selected bond lengths (Å) and angles (°) for 9j 

Bond Lengths (Å) Bond Angles (°) 

Co(1)-O(3) 1.935(3) O(3)-Co(1)-O(1) 118.64(13) 

Co(1)-O(1) 1.944(3) O(3)-Co(1)-N(2) 95.42(13) 

Co(1)-N(2) 1.957(3) O(1)-Co(1)-N(2) 112.90(11) 

Co(1)-N(1) 1.958(3) O(3)-Co(1)-N(1) 113.84(12) 

  O(1)-Co(1)-N(1) 95.03(13) 

  N(2)-Co(1)-N(1) 122.89(16) 

 

Table 5: Selected bond lengths (Å) and angles (°) for 9k. 

Bond Lengths (Å) Bond Angles (°) 

Co(1)-O(3) 1.9315(19) O(1)-Co(1)-O(3) 116.69(8) 

Co(1)-O(1) 1.9449(19) O(1)-Co(1)-N(1) 94.87(9) 

Co(1)-N(2) 1.964(2) O(3)-Co(1)-N(1) 113.29(9) 

Co(1)-N(1) 1.964(2) O(1)-Co(1)-N(2) 112.19(9) 

  O(3)-Co(1)-N(2) 94.78(9) 

  N(1)-Co(1)-N(2) 126.71(9) 
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Table 6: Selected bond lengths (Å) and angles (°) for 9l. 

Bond Lengths (Å) Bond Angles (°) 

Co(1)-O(3) 1.936(3) O(3)-Co(1)-O(1) 117.13(15) 

Co(1)-O(1) 1.949(3) O(3)-Co(1)-N(2) 111.12(15) 

Co(1)-N(2) 1.963(4) O(1)-Co(1)-N(2) 94.21(14) 

Co(1)-N(1) 1.968(4) O(3)-Co(1)-N(1) 94.42(15) 

  O(1)-Co(1)-N(1) 111.09(15) 

  N(2)-Co(1)-N(1) 130.67(17) 

 

As was for the copper complexes, cyclic voltammetry was employed to probe the redox 

properties of the cobalt complexes. All scans started with an oxidative sweep following by the 

reductive sweep with a forward scan rate of 100 mV/s. The Co complexes were prepared in the 

same manner as the Cu complexes by first running a blank scan of a 0.1 M solution of [N(n-

Bu)4
+][PF6

-] followed by the sample (~20 mg). Ferrocene (0.1 mg) was added afterwards to serve 

as an internal standard. All derivatives, 9a-l, were analyzed in this way. All complexes excluding 

9h, showed irreversible oxidation. Previous students in the Gossage group attempted 

polymerization by ATRP with 9a and other derivatives but obtained no polymer material at the 

terminus of their reaction.66 Complex 9h was the only complex that displayed quasi-reversible 

oxidation from Co2+ to Co3+ at approximately +1.75 eV, making it a potential target for catalytic 

studies (vide infra).  
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Figure 26: Voltammograms for 9e and 9h in DCM. 

2.5.3.1 Attempted Oxidation of a Co2+ Complex 

Upon observing promising redox behaviour in the CV, we decided to attempt various 

reactions to purposely oxidize the Co center to a permanent Co(III) resting state. This type of 

reaction was tried four different ways with 9a and once with 9h (Table 7).  

Table 7: Attempted oxidation of a Co2+ center. 

 

In trial 1, 9a was dissolved in toluene and bromine (Br2) was added dropwise in a 1:1 molar 

ratio. During addition of Br2, it was noted that the solution had started to phase separate leaving a 

dark red top layer and a blue oil on the bottom of the flask. The reaction was done uncovered in 

open air for 0.5 hours. Upon removal of the excess toluene and bromine, a fragile blue-green solid. 

The solids were insoluble in most organic solvents (CDCl3, C6D6, toluene, CHCl3) but was soluble 

in acetone, MeOH and water. An NMR spectrum was taken in acetone-d6 and unfortunately from 



 

56 

 

this there were no distinct signals in either the proton or carbon spectra. A qualitative test was 

performed by adding both DCM and water to the flask and rapidly stirring for approximately 10 

minutes. This resulted in the loss of the original green colour and appearance of a pink aqueous 

layer and cloudy organic layer (Figure 27, B-C). After NMR analysis, the sample was poured into 

a beaker where it was diluted further with acetone. Commercial grade CoBr2 was dissolved in both 

acetone and MeOH in two other beakers and the three compared (Figure 27, A). It seemed likely 

that CoBr2 was indeed the formed product and hence decomposition of 9a is likely the result of 

the above treatments.  

 

Figure 27: A qualitative test of Trial 1 (9a + Br2) 

For the second trial, the reaction was carried out in a similar fashion, this time stirring in 

the dark. After the reaction was done and excess components removed in vacuo a blue powder was 

left behind. The blue powder was recrystallized with a 1:1 mixture of DCM/MeOH as was the case 

for 7 and 9. Upon accidental contact with water the blue powder was instantly dissolved. There 

was a notable colour change from light blue to a pinky-purple colour. Commercial grade CoBr2 
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was likewise dissolved in EtOH and revealed similar behaviour. After more research, the blue 

powder was concluded to be anhydrous CoBr2.  

 Trials 3 and 4 gave the same result of recovery of starting material. The iodine, in both 

polar aprotic and nonpolar solvents, remained unreacted in each case. This was later confirmed by 

NMR spectroscopy where the same broad signals associated with 9a (Figure 23) were observed.  

 

Scheme 35: Attempted bromination of 9h. 

 Trial 5 was done with 9h, the catalytic candidate (Scheme 35). 9h was initially dissolved 

in ACN where the solution instantly changed from a light pink to a dark purple. This colour change 

is assumed to be coordination of either one of two ACN molecules to the cobalt center, although 

this has yet to be confirmed. This complex would still be paramagnetic and therefore would not be 

observable by NMR spectroscopy. Continuing with the reaction once fully dissolved, bromine was 

added dropwise and the solution took a noticeable colour change to a dark green. Once all volatile 

components were removed a green resin was left behind. This resin was soluble in CHCl3 and 

acetone although did not turn the bright teal-blue colour once dissolved in acetone, possibly being 

the target complex.  

Performing NMR spectroscopy on the green resin in CDCl3 gave a paramagnetic-like 

spectrum with broad signals spanning many ppm units (Figure 28). The green oil was dissolved 

in MeOH, where the solution was a bright pink colour. Once the MeOH is removed, the compound 

becomes a resin, again green in colour. We hypothesize this may be signaling the release and re-
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coordination of a ligand (Br- or ACN) giving back 9h. These mixtures did not yield a pure oxidized 

product of 9h. More studies in this area needs to be conducted for an exact conclusion to be drawn.  

 

Figure 28: 1H-NMR spectrum of proposed 9h-1. 

2.5.4 Cobalt Complexes (10a-d and 11a/11c) 

Cobalt complexes with ligand series 6 were also synthesized. In this series, three aryl derivatives 

were successfully synthesized (Scheme 36).  

 

Scheme 36: Synthesis of complexes 10a-d. 
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The synthesis was carried out in a method like those described above where to a stirring solution 

of the ligand with 2.5 equivalents of NEt3 dissolved in EtOH, 1 equivalent of a metal salt is added 

(also dissolved in EtOH). Upon addition of the Co metal salt to the ligand solution, an evident 

colour change from dark red/clear to a pastel orange is observed (Figure 29, B).  

 

Figure 29: A- 10a and 10c as a powder. B- RIGHT: 10c (orange) during synthesis. 

After which, the orange/tan precipitates are collected via vacuum filtration and are recrystallized 

with a layering of 1:1 DCM/MeOH (Figure 29, A). These compounds, where applicable, were 

characterized by IR, UV-Vis, their mp, EA and in some cases, x-ray crystallography. Co complex 

10d was unable to be synthesized regardless of the route taken.  

Infrared spectroscopy of 10a-c indicated an interaction between the ligand and the metal 

by displaying a shift in the absorbance frequency when contrasted against the bare ligand. The 

stretching frequency assigned to either C=C or C=N stretching resonated within a range of 1527-

1531 cm-1. The C-O stretching frequencies were seen at frequencies of 746-770 cm-1, indicative of 

a change from the free ligand which bears no C-O bond but a carbonyl stretch.9,38,39 Due to the 

drastic shift in stretching frequencies in the IR spectra we conclude that the Co center is drawing 

electron density away from the bound ligand. 


