



Exploiting the power of continuous flow chemistry in the synthesis and reactivity of -diazosulfoxides. 
[image: https://www.ucc.ie/en/media/academic/schoolofenglish/UCC_Logo_RGB_simplified.jpg] 

Patrick G. McCaw, B. Sc.


A Thesis Presented for the Degree of
Doctor of Philosophy 
to
The National University Of Ireland, Cork


School of Chemistry,
University College Cork


Supervisors: Prof. Anita Maguire and Dr. Stuart Collins
Head of School of Chemistry: Prof. Justin Holmes


February 2018


Thesis Outline


Declaration by candidate						iii
Acknowledgements							iv
Abstract								v

Chapter 1 Introduction							1

Chapter 2 Results and Discussion					55

[bookmark: _GoBack]Chapter 3 Experimental							305

Appendix I 								
NCI – 60 One-Dose Mean Graphs and 
Table of abbreviations					On CD			
Appendix II 								
Publications 						On CD
Appendix III
		X-ray crystallography data				On CD								











DECLARATION BY CANDIDATE


I declare that this thesis contains my own work and has not been submitted for another degree, either at University College Cork, or elsewhere. 





_______________________________________     
Patrick G. McCaw


Acknowledgements

First of all I’d like to express my sincere gratitude to my supervisors Prof. Anita Maguire and Dr. Stuart Collins for the extensive amount of encouragement, and support throughout the duration of my PhD. work. Additionally, I’d like to thank the technical staff at UCC for the support they have provided over the years including, Dr. Dan McCarthy, Dr. Lorraine Bateman and Dr. Denis Lynch for NMR work, Dr. Florence McCarthy and Mick O’Shea for mass spec, Dr. Simon Lawrence and Dr. Udaya Khandivalli for single crystal X-ray crystallographic data, Dr. Michael Cronin for thermogravimetric analysis and Derry Kearney for glass blowing services. Thanks also to Tina Kent and Noel Browne.
Thanks to the members of the ARM and SGC research group members, past and present, especially Debbie Curran whose work is greatly appreciated, Dr. Alan Ford, Dr. Francis Harrington, Dr. Nuala Maguire and Dr. Ben Deadman whose ideas and expertise were greatly appreciated at all times. Thanks also to Rose O’Mahony, Aaran Flynn, Laura Cooke, and Christian Mulcahy who worked with me as undergraduates on some of this project, and whose input was always appreciated. 
The greatest thanks of all goes to my friends and family, the group of people that supported me on the challenging days and celebrated with me on the good days. The friendship and encouragement was invaluable, and they always kept me motivated with questions such as “any breakthroughs today?” or “how’s the science going?”. To Will, Marty, Donal, Niall, Eoghany Griffs and Tom, for the friendship, banter, holidays, and nights out over the years. To my friends from home; Alan, Emma, Angie, Steven, Mairéad, John, Francis and Katie for the road trips and concerts. Thanks to Brian, Kieran, and Emmet, for the random chats, cinema trips, quizzes, beer pong tournaments, for the unreal years as housemates that made Cork into a home from home, and for practically adopting me to their native Athea! A special thanks goes to Davy Sulls, Fiona, and Rachel, having you three by my side for the duration of my time in UCC, has made the experience so much easier and all the better.
And lastly to my family, my sisters, Geraldine, Michelle, and Aisling, for the unlimited support, understanding and encouragement. Thanks to Granda Joe and Nellie, and finally to my parents, Paddy and Anna, who never left me wanting in any aspect of my life and whose support over the past few months has been invaluable. This thesis is dedicated to you all, and I hope I make you proud. 



								_________________________   
								Patrick G. McCaw. 


Abstract

The research described in this thesis is an extensive study on the synthesis and reactivity of -diazosulfoxides utilising continuous flow processing, and contrasting the outcomes from a synthetic perspective with traditional batch reaction conditions. Using continuous flow processing leads to increased efficiency and yields of the -diazosulfoxides. Inducing the hetero-Wolff rearrangement of -diazosulfoxides to form -oxo sulfines in both batch and continuous flow conditions was also explored, together with subsequent trapping in cycloaddition reactions. Both Diels-Alder cycloadditions and 1,3-dipolar cycloadditions with sulfines acting as the dipolarophiles were carried out. Overall it was established that although the diastereomeric ratios for Diels-Alder cycloadditions are comparable in batch and flow, the yields are significantly enhanced from the flow process in addition to the benefit of a metal free process. The study of 1,3-dipolar cycloadditions with nitrones and nitrile oxides led to isolation of a number of novel heterocycles, and highlighted interesting differences in reactivity patterns between the lactone and ketone derived -oxo sulfines.   
The introductory chapter is an extensive review of sulfines with a focus on both the synthesis and reactivity of sulfines and -oxo sulfines. The methods discussed for the generation of sulfines include oxidation of thioketones, sulfenylation with sulfur dioxide, rearrangement reactions and dehydrochlorination reactions. The physical properties of the compounds are also summarised, and the final portion of the review focuses on the diverse reaction pathways which are observed with sulfines and -oxo sulfines, including the most widely reported Diels-Alder cycloadditions. Other reaction pathways covered include, 1,3 dipolar cycloadditions, in which the sulfine can act as the dipole or dipolarophile, oxygen extrusion, sulfur extrusion, and dimerization.
The results of this research programme are discussed in the second chapter. While the synthesis of -diazosulfoxides has been explored for many years in the research team, the synthetic potential has been limited by very poor yields, typically less than 30%. A major advance in this work demonstrated that through use of continuous flow processing, the exposure of the -diazosulfoxide products to the basic reaction conditions could be controlled and reduced, resulting in significant yield enhancement, up to three fold, in both the ketone and lactone derived series. Building on the insight developed through optimisation in continuous flow, a modified set of batch conditions was developed which resulted in enhanced yields through reduction in product deterioration by ameliorating exposure to base. Use of continuous flow leads to isolation of the desired compounds in enhanced yields relative to standard batch conditions, with short reaction times, increased safety profile and potential to scale up.
Generation of the -oxo sulfines from -diazosulfoxides has been explored in continuous flow using transition metal catalysis, thermolysis and photolysis; this process is more amenable to scale up in continuous flow than in traditional batch conditions. The thermolytic conditions are the most advantageous synthetically, leading to the cycloadducts in a metal free process. Diels-Alder trapping of the -oxo sulfines has been demonstrated under continuous flow, in general leading to similar diastereoselectivities to those seen in batch but with higher yields, improved safety and potential for scale up. Critical to the success of the -oxo sulfine cycloaddition was use of a sufficiently concentrated diene trap; in the absence of this, alternative -oxo sulfine reaction pathways competed with the Diels-Alder cycloaddition. Reactivity differences between the lactone and ketone series of -diazosulfoxides was explored. 
One of the highlights of this work was the demonstration of proof of concept in telescoping the diazo transfer to generate the -diazosulfoxide, with the thermal rearrangement to the -oxo sulfine, and Diels-Alder cycloaddition to provide direct access to a stable thiopyran-S-oxide, with clear potential benefits from a safety and scale up perspective.  
Investigation of 1,3-dipolar cycloadditions of -oxo sulfines with nitrile oxides and nitrones, proved very interesting from both a synthetic and mechanistic perspective. Focusing initially on the nitrile oxides the 1,3-dipolar cycloadditions with lactone and ketone derived -oxo sulfines exhibited opposite regiochemical outcomes leading to isolation of 1,2,5-oxathiazole-S-oxides, only two of which have previously been reported, and 1,4,2-oxathiazole-S-oxides. An interesting and unanticipated epimerisation was seen in the  1,2,5-oxathiazole-S-oxides. Cycloaddition of the -oxo sulfines with nitrones leads to both approaches to form regioisomeric cycloadducts, but in this case both of the novel heterocycles undergo subsequent spontaneous reaction to aziridines and other products. Detailed analysis of the spectroscopic features of the novel heterocycles is a key element of this investigation.
Representative examples of compounds from across the research programme including 1,2,5-oxathiazole-S-oxides and 1,4,2-oxathiazole-S-oxides were sent to U.S. National Cancer Institute (NCI) for anticancer screening.
The third chapter details the full experimental procedures which were used throughout the project and includes all the spectroscopic characterisation and analytical data which were obtained for the novel compounds synthesised.  














For Mam and Dad






























“You have brains in your head.
You have feet in your shoes.
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