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dalton2014
Tuesday 15™ April

1.30-1.45 L3 Welcome and Introduction: David Cole-Hamilton

Programme

1.45-2.30 Thomas O'Halloran (Northwestern) — Bioinorganic Chemistry Award: “Inorganic Chemistry of
Cellular Decision Making Processes: Structure and Dynamics of Transition Metal Receptors”
2.30-3.15 Richard Layfield (Manchester) — Sir Edward Frankland Fellowship: “Reactive metal-carbon bonds
in three-coordinate iron NHC complexes”
3.15-3.40 Tea/Coffee
Room L3 L4 L5 B202
Chair Jason Love Debbie Kays Jon Rourke David Evans
Adrian Chaplin
Stephen Mansell Adi Nako University of Warwick | Anne-K Duhme-Klair
Heriot-Watt University . « . . .
3.40 “ . Imperial College London Cyclometalation University of York
Unconventional w . . o L
- . . Weakly Coordinated  reactions of Rh and Ir NHC Periplasmic binding
ligands: Developing the . .. i . .
4.00 . Zinc & Aluminium 6-  [complexes: attenuation and protein captures low-
chemistry of N- " o . R ’
. » | Complexes of Copper(I)” reversibility through ligand | denticity siderophores
heterocyclic stannylenes T
variation
Clare Bakewell Philip Ash
Im;z‘erlal College London . EYvan Clark Claire McMullin “(]I’llvei."Sll‘;V of Qxford
Group 3 and Rare- University of Manchester . . . New insight into the
4.00 w . Heriot-Watt University . .
Earth Phosphasalen Moving Beyond « o mechanism of NiFe
- . . Does rate limiting C-H
Complexes: Iso-selective B(CgFs);: Hydride- o . hydrogenases from IR
4.20 . . . L activation always entail a
Initiators for rac-Lactide | selective carbocations in Kinetic isotope effect?” spectroscopy coupled
Ring-Opening frustrated Lewis pairs” P ’ with protein film
Polymerization” electrochemistry”
51 i‘l;le(;san;})?egelss Elliot Lawrence Barbara Villa-Marcos Amanda Hill
@ Sty University of East Anglia University of Leicester | University of East Anglia
4.20 New ligands for Cu- « . B : .. - ..
i catalysed aryl cther An electrochemical C0n2tr0111ng Selectivity Unveiling the
. study of frustrated Lewis |of C(sp”)-H Activation: An biosynthesis of the H-
4.40 formation: structure- . .
. . . pairs: a metal-free route to experimental and cluster of [Fe-Fe]-
activity relationship and hydrogen oxidation” computational study” hydrogenase”
mechanistic investigation” yarog P Y yarog
James Radcliffe André Schiifer Margot Wenzel Carlotta Figliola
. ) . ) . University of York University of
Durham University University of Bristol « o .o
4.40 . . . Exploiting the redox Birmingham
Investigating the Iron-Catalyzed . L . «
- . . . chemistry of nitrite species [FeFe]-Hydrogenase
Coordination Chemistry |Dehydrocoupling/Dehydro | . . S
5.00 . . . . in Pd-catalyzed aerobic synthetic mimics based
of PNE Ligands with genation of Amine- S . . .
Group VI Metals” Boranes” 0x1dat10r31 of unactivated on peri-substituted
C(sp”)-H bonds” dichalcogenides”
Michelle Harris Un?vvef:l‘ Nf)j,‘g’r‘;;o 1
University College Jniversity of br Luca Maidich Lars Jeuken
. Amine-Boronium . . . . .
5.00 Dublin . . University of Sassari University of Leeds
« . , Cations: Convenient « . .. « .
- Breaking Hund's Rule . Synthesis and reactivity Oxygen Tolerance in
. . Precursors to Aminoborane
5.20 |in Manganese(III) drives of rollover cyclometalated Membrane Bound
. Monomers and » . »
Jahn-Teller and Spin State | ihob 1 thei complexes [NiFe]-Hydrogenases
Ordering Po yaminoboranes via their
Addition Polymerisation
Junjuda Unruangsri Sam de Visser
University of Oxford David McKay University of Manchester
590 Jonathan Bailey “Borate and Borane Heriot-Watt University “Nonheme iron(IV)
- University of Bristol ~ derivatives as CT agents in | “Computational Studies enzymes: Unusual
5.40 “Inorganic' Analogues | Group II Immortal Ring- |of Ruthenium Hydrides as mechanism and
) of Arylphosphines” Opening Polymerisation of Novel Nucleophiles in C-F | reactivity of wild-type

e-Caprolactone and rac-
Lactide”

and C—Cl bond activation”

and bioengineered
systems”

6.30-7.30 Dinner — Rootes Restaraunt

7.30-10.00 Posters and Wine/Beer/Soft Drinks — Physics and Science Concourses.
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Wednesday 16™ April

L3 Session Chair: Peter Tasker

Programme

9.00-9.45 Theodore Betley (Harvard): “Targeting high-spin clusters for reactivity”
9.45-10.30  Jennifer Love (UBC Vancouver): “Developing Catalytic Reactions One Step at a Time”
10.30-10.50 Jonathan Worrall (University of Essex): “Copper trafficking pathways and enzymes involved in
morphological development of Streptomyces lividans”
10.50-11.15 Tea/Coffee
11.15-12.55 Parallel sessions:
Room L3 L4 L5 B202
Chair Paddy McGowan Sylvia Draper Mike George Emma Raven
Manfred Bochmann Univii;ler;,z:l;(;lsc Nde Peter Tasker
University of East “ .ty. . Y University of Edinburgh Rianne Lord
. Optimisation of a o . .
11.15 Anglia lithium maenesiate for Outer-sphere hydrogen- University of Leeds
- “Advance in Gold(III) use in the nogn-cr ogenic bond buttressing to “Metal complexes as
11.35 | Chemistry: Hydrides, asvmme tri}é & control the strength of potential anti-cancer
peroxided and olefin y . phenolic pyrazole metal agents”
complexes” deprgtonatlon of extractants”
prochiral ketones”
Simon Higgins Isolda Romero-Canelén
Adrian Gémez-Suirez Benjamin Day University of Liverpool University of Warwick
11.35 |University of St Andrews | University of Manchester “Redox switching of “Multi-targeted
- “Application of Digold- | “Towards The Selective | single molecule junction organometallic
11.55 | Hydroxides in Dual Functionalisation of conductance using anticancer complexes
Activation Chemistry” Pentadienylsilanes” [Co(pyterpy)z]2+ and with redox
related complexes” mechanisms of action”
Charlotte Willans Merle Arrowsmith John Fielden Un:t:?sicc?);(l/;zzzic i
11.55 University of Leeds University of Bath University of East Anglia “Tyi lez helicates:
7 |“Copper-N-Heterocyclic | “Atom-efficient group 2- “[CoW1,04]%: A Long- as fnme tric sel f_.
12.15 Carbenes; Synthesis, mediated cascade Lived Metal-to- asseymbl of potent
' Structure and assembly of complex Polyoxometalate Charge DY Ol b ’
e » ,, selective anticancer
Reactivity heterocycles Transfer Chromophore ”
compounds
Neil Bricklebank
Rebecca Musgrave Sheffield Hallam
[1};:122? P(?;zl;t::;, University of Bristol Charlotte Clark University
12.15 “Low Coort(JI}inate Ni(D) “Ring-opening reactions | University of Nottingham | “Triphenylphosphonium-
- Complexes Bearin of silicon-bridged “Dye-sensitized NiO conjusgated gold
12.35 Rin pEx anded N-g [1]ferrocenophanes photocathodes for solar nanoparticles: potential
Heterogc clri)c Carbenes” bearing bulky devices” nanocarriers for
y substituents” mitochondria-targeted
therapeutics”
Bryan Hogan . . Debabrata Chatterjee
University College Gabréelizilnl;:esf;noza Durgapur, West Bengal
12.35 Dublin University of Oxford “Mechanism of Substrate
- “Metalloporphyrins as “Chemicatlyreac tivity of and Oxidant Activation
12.55 | active N-heterocyclic roup 14 [Eo]* & }1’ 5 by Rulll(edta) in
carbene (NHC) transfer group ’ Mosaics of

reagents”

[E’;]> Zintl ions”

Homogeneous Catalysis”

12.55-2.00 Lunch (Rootes Restaurant) and poster browsing
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L3 Session Chair: Peter Sadler

Programme

2.00-2.45 Paul Walton (York): “Copper-Containing Lytic Polysaccharide Monooxygenases: A New Face for
Biomass Breakdown”
2.45-3.30 Rebecca Melen (Toronto), Dalton Young Researcher Award: “Activation of Alkynes with
B(CgFs5);: Intramolecular cyclisation reactions and rearrangements.”
3.30-4.00 Tea/Coffee
4.00-5.00  Parallel sessions:
Room! L3 L4 L5 B202
Chair Nick Fletcher Richard Layfield Dai Davies Anne-K Duhme-Klair
Svlvia Draper Andrew Marr Alison Parkin
Byron Truscott Triniy Colle e%ub lin Queen's University University of York
4.00| University of St Andrews “Ngw Insight into Belfast “New Electrochemical
- “Bond activation and He teroa%om— “Bio- and Methods for
4.20| CO, fixation employing . Organometallic- Understanding
S .5, | nanographenes and their . . .
an iridium(I) hydroxide Applications” Catalysis: Quest for the Biological H,
pp GRAIL” Catalysis”

4.20

4.40

Fabio Marchetti
University of Pisa
“Activation Reactions of
Oxygen-Containing
Organic Molecules by
High Valent Metal
Halides of Groups 5-6”

Jeremy Sloan
University of Warwick
“Band gap expansion,

phase change behaviour

and low-voltage induced
crystal oscillation in

low-dimensional SnSe”

Barbara Procacci
University of York
“Ruthenium hydrides
pave the way to time-
resolved NMR
spectroscopy”

Dimitrios Pantazis
Max Planck Institute for
Chemical Energy
Conversion
“The importance of
being consistent:
Manganese oxidation
states in biological
water oxidation”

4.40

5.00

Nik Kaltsoyannis
UcCL
“Covalency and bond
strength in heavy element
compounds from the
quantum theory of atoms
in molecules”

Sophie Benjamin
University of
Southampton

“CVD of
Thermoelectric
Materials from Single
Molecule Precursors”

Patrizia Lorusso
University of St Andrews
“Ruthenium-catalysed
dehydrogenation of
methanol”

Kate Appleby
University of York
“Optimising SABRE:
applications with
biologically-relevant
substrates”

L3 Session Chair: Jon Rourke

5.05-5.50

Spectroscopy and Supercritical Fluids”
6.00-7.00 Section Committee meetings
7.00-7.30  Pre-dinner drinks (The Bar, Rootes Building)
7.30-11.00

Conference Banquet (Panorama Suite, Rootes Building)

Mike George (Nottingham) — Inorganic Reaction Mechanisms Award: “Photochemistry,
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Thursday 17" April

L3 Session Chair: Mike George

Programme

9.15-10.00  Kit Cummings (MIT), Ludwig Mond Award: "Group 15 Element Triple Bonds and Reactive
Intermediates”

10.00-10.45 Zhenyang Lin (Hong Kong University of Science & Technology): "Boryl Ligands and Their Roles
in Transition Metal Catalysed Borylation Reactions"

10.45-11.15 Tea/Coffee

11.15-12.15 Parallel sessions:

Room L3 L4 L5 B202

Chair Jose Goicoechea Paul Walton Stuart Macgregor Sam de Visser

Sophia Solomon

Rory Waterman

Matthew Berwick

David Cole-Hamilton University of Cambridge University of Vermont U(uve'rszty of
11.15 . . « « . Birmingham
University of St. Andrews Base Induced Expanding e .
- « . S Using de novo Design
Chemicals from waste Rearrangement of o—elimination to
1133 bio-oils” Mesityl-Phosphonium hosph d to Create Novel
Y ,E) OTganophosphorus an " Lanthanide-Coiled Coil
Salts organosilane synthesis I . »
maging Agents
Prabhjot Saini KC‘I’““Z% VI:;?‘Y)‘;};']%;"
Imperial College London Stéphanie Dupuy v y g
«ry; . Kong
Dinuclear metal Catherine Weetman St Andrews « .
11.35 . . « Functional cellular
catalysts: Improved University of Bath Gold(I) catalyzed .
- “ . . reagents derived from
performance of Magnesium catalyzed protodecarboxylation of
11.55 . . . T, . phosphorescent
heterodinuclear mixed | hydroboration of nitriles (hetero)aromatic :
. . rhenium(I) and
catalysts for CO,—epoxide carboxylic acids o -
NP iridium(III) polypyridine
copolymerization ”
complexes
Antonio Martinez-
Andrew Russell Martinez
University of Bristol University of Strathclyde Charles Ellul Carole Perry
11.55 “Ring-Opening “A Powerful Tool to University of Leicester Nottingham Trent
) Polymerization of a Override the Classical “Controlling Product “Peptides as versatile
12.15 Strained [3]Nickelo- Directed ortho-Metallation | Selectivity in Rhodium- tools in the synthesis of
' cenophane: A Route to Chemistry: Co-operative Catalysed Oxidative metal oxides”
Polynickelocenes, a Class Effects Between Coupling”

of S = 1 Metallopolymers”

Magnesium and Alkali

Metals”

L3 Session Chair: Richard Layfield

12.15-13.00 Ingo Krossing (Freiburg): "Weakly Coordinating Anions: Facilitators for Applied and

Fundamental Chemistry"
13.00-13.05 Concluding remarks: David Cole-Hamilton
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Miss Heba Abdelgawad
Mr Bassim Abdulwahaab

University of Leeds
University of Hull

Miss Siti Aina Mardia Akhmad Aznan University of Malaya

Mrs Nada Al Smail

Mr. Karrar Al-Ameed
Mr. Ahmed Al-Yasari
Mr Mala Alhaji Sainna
Ms Harina Amer Hamzah
Miss Rhiann Andrew
Mr Mathew Anker

Miss Kate Appleby

Dr. Vaida Arcisauskaite
Dr Stephen Argent

Dr Merle Arrowsmith
Dr Philip Ash

Mr Benjamin Aucott
Mr Alex Ayres

Mr Jonathan Bailey

Dr Clare Bakewell

Mr. Benjamin Below
Dr. Sophie Benjamin
Mr Matthew Berwick
Professor Theodore Betley
Miss Samantha Binding
Dr Robin Blagg

Dr Claudia Blindauer
Mr Toby Blundell
Professor Manfred Bochmann
Miss Mickaéle Bonneau
Dr Neil Bricklebank

Dr George Britovsek
Mr Lee Brown

Miss Jennifer Burt

Mr Michael Butler

Dr Ian Cade

Mr Kevin Carr

Miss Amanda Catherall
Mr Martin Champion
Mr. Gan-Zuei Chang
Mr Yao-Pang Chang

Dr Adrian Chaplin

Mr Michael Chapman
Dr. Debabrata Chatterjee
Dr Prinessa Chellan

Dr Charlott Clark

Dr Ewan Clark

Mr Benjamin Clough
Miss Laura Cocker

Professor David Cole-Hamilton

University of Nottingham
University of Oxford

UEA

University of Manchester
University of Bath
University of Warwick
University of Bath
University of York
University of Oxford
University of Nottingham
University of Bath
University of Oxford
University of Oxford
University of Nottingham
University of Bristol
Imperial College London
University of Oxford
University of Southampton
University of Birmingham
Harvard University
University of Oxford
University of East Anglia
University of Warwick
University of Nottingham
University of East Anglia
Durham university
Sheffield Hallam University
Imperial College London
University of Huddersfield
University of Southampton
Imperial College London
University of Manchester
Heriot-Watt University
University of Bath
University of Southampton
University of Oxford
University of Southampton
University of Warwick
University of Leeds

CSIR

University of Warwick
University of Nottingham
University of Manchester
University of Oxford
University of Bath
University of St. Andrews

Participants

cmha@]leeds.ac.uk
B.H.Abdulwahaab@2012.hull.ac.uk
aina.aznan@yahoo.com
pcxnha@nottingham.ac.uk
karrar.al-ameed@chem.ox.ac.uk
a.al-yasari@uea.ac.uk
alhaji.Mala@manchester.ac.uk
hah35@bath.ac.uk
r.andrew@Warwick.ac.uk
mda25@bath.ac.uk
kma507@york.ac.uk
vaida.arcisauskaite@chem.ox.ac.uk
stephen.argent@nottingham.ac.uk
m.arrowsmith@bath.ac.uk
philip.ash@chem.ox.ac.uk
benjamin.aucott@wadh.ox.ac.uk
pcxaal 9@nottingham.ac.uk
jb7498@bristol.ac.uk
c.bakewelll0@imperial.ac.uk
benjamin.below@worc.ox.ac.uk
s.benjamin@soton.ac.uk
mrb775@bham.ac.uk
betley@chemistry.harvard.edu
samantha.binding@worc.ox.ac.uk
r.blagg@uea.ac.uk
c.blindauer@warwick.ac.uk
pextb@nottingham.ac.uk
m.bochmann@uea.ac.uk
mickaele.bonneau@durham.ac.uk
n.bricklebank@shu.ac.uk
g.britovsek@imperial.ac.uk
U1052577@unimail.hud.ac.uk
jb17g08@soton.ac.uk

m.butler] 3@imperial.ac.uk
ian.cade@manchester.ac.uk
kjtcarr@live.co.uk
alc44@bath.ac.uk
mjdclgll@soton.ac.uk
gan-zuei.chang@chem.ox.ac.uk
yc3el3@soton.ac.uk
a.b.chaplin@warwick.ac.uk
cmmrc@leeds.ac.uk
dchat57@hotmail.com

chlpri001 @myuct.ac.za
Charlotte.Clark@nottingham.ac.uk
ewan.clark@manchester.ac.uk
benjamin.clough@chem.ox.ac.uk
lkc27@bath.ac.uk
djc@st-and.ac.uk



dalton2014

Dr Alba Collado-Martinez
Mr Lee Collins

Mr Richard Collins

Mr Robert Conway-Kenny
Dr Michael Cowley

Dr Mark Crimmin

Dr Ian Crossley

Mr Ben Crozier

Professor Kit Cummins
Mr Liam Curless

Mr Mateusz Cybulski

Ms Nivedita Das
Professor Dai Davies

Dr Benjamin Day

Dr Sam de Visser

Mr. Daniel DeBrincat
Professor Rob Deeth

Prof Sylvia Draper

Mr Mark Driver

Dr Anne-Kathrin Duhme-Klair
Dr Jay Dunsford

Miss Stéphanie Dupuy

Dr Timothy Easun

Prof Peter Edwards

Dr Olga Ekkert

Dr Charles Ellul

Miss Gabriela Espinoza Quintero
Professor Dave Evans

Mr Abayomi Faponle

Mr Alan Faulkner

Dr. Jesus Ferrando Soria
Dr John Fielden

Miss Carlotta Figliola

Mr Anthony Fitzpatrick
Mr James Fleming

Dr Nick Fletcher

Dr Javier Francos

Miss Kimberley Gallagher
Dr Ben Gardner

Dr William Gee

Mr. Michael Geeson

Dr Kathryn George
Professor Michael George
Miss Laura Ghandhi

Dr Andrew Gibbs

Dr. Jose Goicoechea

Mr Adrian Gomez-Suarez
Dr Jamie Gould

Miss Victoria Greenacre
Ms Michelle Harris

University of St Andrews
University of Bath
University of Oxford
Trinity College Dublin
University of Edinburgh
Imperial

University of Sussex
University of Sheffield
MIT

University of Manchester
University of Bath
Dublin City University
University of Leicester
The University of Manchester
University of Manchester
University of Oxford
University of Warwick
Trinity College Dublin
Cardiff University
University of York
University of Manchester
University of St Andrews
University of Nottingham
Cardiff University
Imperial College London
University of Leicester
University of Oxford
University of Hull
University of Manchester
University of Warwick
University of Manchester
University of East Anglia
University of Birmingham
UCD

Newcastle University
Queen's University Belfast
University of Strathclyde
University of Bath
University of Nottingham
University of Bath
University of Oxford
University of Manchester
University of Nottingham
University of Leeds
Bruker

University of Oxford
University of St Andrews
University of Leeds
University of Sussex

University College Dublin

Participants
acm22@st-andrews.ac.uk
Irc29@bath.ac.uk
richard.collins@chem.ox.ac.uk
conwaykr@tcd.ie
michael.cowley@ed.ac.uk
m.crimmin@imperial.ac.uk
i.crossley@sussex.ac.uk
dtp11bfc@sheffield.ac.uk
ccummins@mit.edu
liam.curless@postgrad.man.ac.uk
mc374@bath.ac.uk
nivedita.das2@mail.dcu.ie
dld3@le.ac.uk
ben.day@manchester.ac.uk
sam.devisser@manchester.ac.uk
daniel.debrincat@chem.ox.ac.uk
r.j.deeth@warwick.ac.uk
smdraper@tcd.ie
drivermp@cardiff.ac.uk
anne.duhme-klair@york.ac.uk
jay.dunsford@manchester.ac.uk
sd53@st-andrews.ac.uk
timothy.easun@nottingham.ac.uk
edwardspg@cardiff.ac.uk
o.ekkert@imperial.ac.uk
ce9l@le.ac.uk
gabriela.espinozaquintero@chem.ox.ac.uk
david.evans@hull.ac.uk

abayomi.faponle@postgrad.manchester.ac.uk
alan.faulkner@warwick.ac.uk
jesus.ferrandosoria@manchester.ac.uk
john.fielden@uea.ac.uk
cxf026@bham.ac.uk
anthony.fitzpatrick@ucdconnect.ie
james.fleming@ncl.ac.uk
n.fletcher@qub.ac.uk
javier.francos@strath.ac.uk
kg380@bath.ac.uk
ben.gardner@nottingham.ac.uk
wjg24@bath.ac.uk
michael.geeson@merton.ox.ac.uk
kathryn.george-2@manchester.ac.uk
mike.george@nottingham.ac.uk
cmlhg@leeds.ac.uk
agi@bruker.co.uk
jose.goicoechea@chem.ox.ac.uk
ags20@st-andrews.ac.uk
j-a.gould@leeds.ac.uk
vg47@sussex.ac.uk

michelle.harris@ucd.ie
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Dr Simone Hauser
Dr. Mohammad Hayatifar
Miss Katherine Haywood
Miss Jessica Hearn
Mr Matthew Heyes

Mr Ricardo Hidalgo Gonzalez

Prof. Simon Higgins
Dr Lee Higham

Mr. Michael Higham
Miss Amanda Hill
Professor Mike Hill
Mr. Bryan Hogan

Mr Jordan Holmes

Dr Raphael Horvath
Mr Hasan Tanvir Imam
Mr Bryan Irwin

Dr Amanda Jarvis

Dr. Lars Jeuken

Miss Jing Jin

Mr David Johnson
Mr Joe Jones

Mr Andrew Jupp

Prof Nik Kaltsoyannis
Miss Rebecca Kaner
Ms Nitheen Kaperi
Mrs Khadijah Katubi
Dr Deborah Kays

Dr Pierre Kennepohl
Dr David King

Ms Sara King

Miss Jane Knichal

Dr. Tobias Kraemer
Professor Ingo Krossing
Mrs Amira Ksibe

Mr Mohammed BelhadjLachachi

Miss Emily Langdon-Jones
Mr Elliot Lawrence

Mr James Lawson

Dr Richard Layfield

Mr Fu-Howe Lee
Professor ZhenyangLin

Mr David Liptrot

Professor Kenneth Kam-Wing Lo

Miss Rianne Lord

Ms Patrizia Lorusso

Dr Jason Love
Professor Jennifer Love
Dr Erli Lu

Miss Emily Macdonald
Mr Jarret MacDonald

University of Warwick
Universita di Bologna
University of Nottingham
University of Warwick
Strem

University of Oxford
University of Liverpool
Newcastle University
University of Oxford
University of East Anglia
University of Bath
University College Dubin
University Of Leeds
University of Nottingham
The University of Warwick
Trinity College Dublin
University of St Andrews
University of Leeds
University of Nottingham
Heriot-Watt University
University of Nottingham
University of Oxford
University College London
University of Warwick
Trinity College Dublin
University of Hull
University of Nottingham

University of British Columbia

University of Nottingham
University of Manchester
University of Bath
Heriot-Watt University

Participants
s.a.hauser@warwick.ac.uk
mohammad.hayatifar@unibo.it
pexkmh@nottingham.ac.uk
J.M.Hearn@warwick.ac.uk
matt@strem.co.uk
ricardo.hidalgogonzalez@chem.ox.ac.uk
shiggins@liv.ac.uk
lee.higham@ncl.ac.uk
michael.higham@exeter.ox.ac.uk
amanda.hill@uea.ac.uk
msh27@bath.ac.uk
bryan.hogan.l@ucdconnect.ie
cmjh@leeds.ac.uk
raphael.horvath@nottingham.ac.uk
H.T.Imam@warwick.ac.uk
birwin@tcd.ie
agj2@st-andrews.ac.uk
L.J.C.Jeuken@leeds.ac.uk
pexjj4@nottingham.ac.uk
dgj451@gmail.com
pexgj@nottingham.ac.uk
andrew.jupp@chem.ox.ac.uk
n.kaltsoyannis@ucl.ac.uk
r.a.kaner@warwick.ac.uk
kaperin@tcd.ie
K.Katubi@?2008.hull.ac.uk
deborah.kays@nottingham.ac.uk
pierre@chem.ubc.ca
pczdk@nottingham.ac.uk
sara.king@postgrad.manchester.ac.uk
jvk20@bath.ac.uk

t.kraemer@hw.ac.uk

Albert-Ludwigs-Universitit Freiburg krossing@uni-freiburg.de

University of warwick
University of Oran-Algeria
Cardiff University
University of East Anglia
University of Manchester
University of Manchester
Imperial College London
HKUST

University of Bath

City University of Hong Kong

University of Leeds
University of St Andrews
University of Edinburgh

University of British Columbia

University of Nottingham
University of Edinburgh
University of Edinburgh

a.ksibe@warwick.ac.uk
mbl508@york.ac.uk
langdon-jonesee@cardiff.ac.uk

elliot.lawrence@uea.ac.uk

james.lawson-2@postgrad.manchester.ac.uk

Richard.Layfield@manchester.ac.uk
fl206@imperial.ac.uk
chzlin@ust.hk
d.liptrot@bath.ac.uk
bhkenlo@cityu.edu.hk
cmO06rml@leeds.ac.uk
pl22@st-andrews.ac.uk
jason.love@ed.ac.uk
jenlove@chem.ubc.ca
erli.lu@nottingham.ac.uk
e.k.macdonald@sms.ed.ac.uk

jarret.macdonald@ed.ac.uk
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Prof Stuart Macgregor
Dr. Luca Maidich

Dr Stephen Mansell
Dr. Fabio Marchetti
Dr Andrew Marr

Heriot-Watt University
University of Sassari
Heriot-Watt University
University Of Pisa
Queen's University Belfast

Dr. Antonio-Jesus Martinez-Martinez University of Strathclyde

Ms Suzanne Mc Mahon
Dr Patrick McGowan
Prof John McGrady

Dr David McKay

Dr Jonathan McMaster
Dr Claire McMullin

Dr Ruth McQuitty

Dr Rebecca Melen

Mr Owen Metters

Miss Jessica Milani

Mr Adam Millett

Miss Lucy Milner

Miss Nabihah Al Muna Mohd Nor
Mr Mauro Monti

Mr Thomas Murphy
Miss Rebecca Musgrave
Mr Adi Nako

Mr Ignacio Navarrete
Mr Russell Needham

Dr David Nelson

Dr Paul Newman
Professor Thomas O'Halloran
Dr Charles O'Hara

Mr Michael O'Neill

Dr Juan Olguin

Dr. David Palomas Dona

Dr Dimitrios Pantazis

Miss Sofia Papadouli
Dr Alison Parkin

Dr Christopher Pask
Ms Ruth Patchett

Dr Nathan Patmore

Mr Scott Patrick

Mr Steve Payne

Miss Charlotte Pearson
Drs. Ms. Inés Penders
Mr Robert Pennifold
Mr Indrek Pernik
Professor Carole Perry
Professor Christopher Pickett
Mr Seb Pike

Miss Rebecca Poulten

Miss Joanna Prentis

Dublin City University (DCU)
University of Leeds
University of Oxford
Heriot-Watt University
University of Nottingham
Heriot-Watt University
University of Warwick
University of Heidelberg
University of Bristol
University of York
University of Warwick
University of York
University of Malaya
Cardiff University
University of Nottingham
University of Bristol
Imperial College London
University of Bristol
University of Warwick
University of Strathclyde
Cardiff University
Northwestern University
University of Strathclyde
University of Cambridge
University College Dublin
Imperial College

Participants
s.a.macgregor@hw.ac.uk
luca.maidich@gmail.com
s.mansell@hw.ac.uk
fabmar@dcci.unipi.it
a.marr@qub.ac.uk
a.j.martinez@strath.ac.uk
suzanne.mcmahon26@mail.dcu.ie
p.c.mcgowan@leeds.ac.uk
john.mcgrady@chem.ox.ac.uk
d.mckay@hw.ac.uk
j-mcmaster@nottingham.ac.uk
c.l.memullin@hw.ac.uk
ruth.mcquitty@warwick.ac.uk
rebecca.melen@cantab.net
om12575@bristol.ac.uk
jm1192@york.ac.uk
A.J Millett@warwick.ac.uk
Im586@york.ac.uk
bha namn@yahoo.com.my
montiml@cardiff.ac.uk
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Inorganic Chemistry of Cellular Decision Making Processes: Structure
and Dynamics of Transition Metal Receptors

Thomas V. O’Halloran

The Chemistry of Life Processes Institute, Department of Chemistry, and Department
of Molecular Biosciences, Northwestern University, 2145 Sheridan Road, Evanston 11
60208-3113

All cells must acquire large numbers of transition metals ions for use as essential
cofactors in a multitude of metalloenzymes; however, recent studies have shown that
dramatic fluctuations in intracellular metal content and/or availability over relatively
short time frames can control key biological events. The ensemble of metal
concentrations in the cell, i.e., the metallome, is maintained at steady state levels under
tight physiological control. Zn(II) ions for instance are found across a large number of
tight-binding metalloenzymes as well a significant number of regulatory, trafficking
and compartmentalized homeostasis sites where metal-occupancy is transient or
responsive to changes in environmental conditions. It is becoming increasingly clear
that metal ion movement in and out of these sites regulates key cellular decisions
involving cell cycle control, differentiation and development in prokaryotes and
eukaryotes alike. The metal-specific receptor sites found in transporter,
metallochaperone and metalloregulatory proteins ultimately allow insertion of a metal
ion to appropriate intracellular targets or sense changes in metal availability and turn
on or off specific genes. The latter sites sense changes in thermodynamically-defined
free metal concentrations in the femtomolar range for Zn(II) or the zeptomolar range
for Cu(I) and adjust the transcription of genes in a manner that keeps the cytosolic
concentrations of the free metal ion at vanishing low levels. Recent structural and
mechanistic studies of the CueR and Zur proteins reveal novel biophysical
mechanisms for transduction of the signal as well as the molecular basis for the
remarkable thermodynamic sensitivity of these metal-sensing molecular switches.

While steady-state concentrations of free zinc and copper ions are generally
quite low in the mammalian cytosol, this is not necessarily so in other compartments
where thermodynamically distinct pools of metal ions can ebb and flow in response to
cellular signals. For instance, the developmental progression of the mammalian egg
and the first step of embryo formation require a stepwise series of massive zinc
fluctuations. A variety of new single cell STEM-EDS/EELS, X-ray fluorescence
microscopy methods and fluorescent zinc-specific probes reveal that billions of zinc
atoms per cell must undergo dramatic translocations in short time frames, including
events known as ‘zinc sparks’ before the embryo proceeds through its developmental
program. We broadly conclude that biological regulatory mechanisms in the egg,
embryo and other cells involve key metal-specific receptors as well as wholesale
fluctuations in zinc content and activity in subcellular locations. In this sense zinc
joins calcium and phosphorous as conductors of information in biological signaling
networks.
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Reactive metal-carbon bonds in three-coordinate iron NHC complexes
Benjamin M. Day, Kuntal Pal, Thomas Pugh and Richard A. Layfield

School of Chemistry, The University of Manchester, Oxford Road, Manchester, M13 9PL, UK.
Richard . Layfield@manchester.ac.uk

The chemistry of iron with N-heterocyclic carbene (NHC) ligands is under-developed
compared to late transition metal NHC chemistry." However, the use of NHC ligands in iron
chemistry has recently resulted in eye-catching studies dealing with: the stabilization of novel
coordination environments and unusual oxidation states, biomimetic chemistry, and

homogeneous catalysis.>®

We recently reported the three-coordinate iron-NHC

N —N"
’” 1’7 7 toluene Fe N
complexes [(IPr)Fe(N”),] (1), [(IMes)Fe(N"),] (2), A/ 2 hrs. T
and [('Bu)Fe(N”),] (3) (Scheme 1), and our initial \FTe / ND.p@NDIpp
toluene
studies of the reactivity of 1-3 have produced some RNANRW
unexpected results.® Simply refluxing 1 in toluene for = e
p ) ply g 1-3  py-products N"., - /N:/
two hours results in a normal-to-abnormal Scheme 1 N \ N
N" = N(SiMes), 5 [ NBu

rearrangement of the NHC, giving [(alPr)Fe(N”),] (4)

(Scheme 1). Refluxing 3 in toluene for three days effects a C—H/C-N activation reaction, in

which a ‘Bu substituent is eliminated from the NHC ligand as isobutene.

The non-innocennce of the NHC ligands in 1-3 X [Fe(N),] R

. . . .. MesN/‘\NMes +RPH, — o

is further reflected in their reactivity towards \—/ Z =100 .. ' NMZS
2 Scheme 2 \—/

E—H acidic substrates. When E = Se, the NHC

ligands can either rearrange to their abnormal isomers,” or they can display Brgnsted basic
reactivity towards selenols, providing access to selenium-ligated iron-NHC complexes. In the
reactions of 2 with primary phosphines, an unusual C—P ‘cross-coupling’ is observed with
stoichiometric iron(Il) and also with 10 mol% iron(Il), forming the phospha-alkene 6
(Scheme 2).'° Initial mechanistic studies on the formation of 6 will be presented.

(1) M. J. Ingleson, R. A. Layfield Chem. Comm. 2012, 48, 3579. (2) K. Meyer, J. M. Smith et al. Science 2011,
331, 1049. (3) C. H. Hsieh, M. Y. Darensbourg J. Am. Chem. Soc. 2010, 132, 1419. (4) J. Louie, R. H. Grubbs
Chem. Comm. 2000, 1479. (5) V. Lavallo, R. H. Grubbs, Science, 2009, 326, 559. (6) R. H. Grubbs et al. Angew.
Chem. Int. Ed. 2011, 50,268. (7) R. A. Layfield et al. Chem. Comm. 2012, 48, 10623. (8) R. A. Layfield ez al. J.

Am. Chem. Soc. 2013, 135, 13338. (9) T. Pugh, R. A. Layfield, Dalton Trans. 2014, 43,4251. (10) K. Pal, R. A.
Layfield, manuscript in preparation.
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Unconventional ligands: Developing the coordination chemistry of N-

heterocyclic stannylenes
Stephen Mansell
Institute of Chemical Sciences, Heriot-Watt University, Edinburgh, EHI14 4AS, U K.

www.mansellresearch.org.uk Email: s.mansell@hw.ac.uk

Conventional ligands, such as phosphines, hold a privileged place in organometallic
chemistry because they have a proven track record of success in many catalytic and non-
catalytic systems. They are used on scales ranging from small vials to huge industrial
reactors and their chemistry has been extensively explored. I am interested in
developing new ligands for applications in homogeneous catalysis by studying
unconventional ligands with unexplored potential. To this end the synthesis and
coordination behaviour of N-heterocyclic stannylenes (NHSns), heavier group 14
analogues of N-heterocyclic carbenes, were explored. Initial studies found NHSns to be
easily synthesised and thermally stable species, although they are also highly air- and
moisture-sensitive.l Further investigations revealed remarkable differences to
conventional ligands which highlighted the ability of NHSns to act as bridging ligands, in

contrast to the almost exclusively terminal binding seen with conventional ligands.2

References

1.S. M. Mansell, C. A. Russell and D. F. Wass, Inorg. Chem., 2008, 47, 11367.

2. S. M. Mansell, R. H. Herber, I. Nowik, D. H. Ross, C. A. Russell and D. F. Wass, Inorg.
Chem., 2011, 50, 2252.
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Group 3 and Rare-Earth Phosphasalen Complexes: Iso-selective Initiators for rac-
Lactide Ring-Opening Polymerization

Clare Bakewell (1), Thi-Phuong-Anh Cao (2), Andrew White (1), Audrey Auffrant (2), Nicholas Long (1),
Charlotte K. Williams (1)

(1): Department of Chemistry, Imperial College London, UK

(2): Laboratoire Heétéroéléments et Coordination, Ecole Polytechnique, France

Polylactide, PLA, shows considerable promise as a sustainable replacement for
petrochemicals; it is produced by the ring-opening polymerization (ROP) of lactide which is
derived from high starch content biomass. The ROP is initiated by Lewis acidic metal
alkoxide complexes, control over the rate, molecular weight and stereochemistry is important
as it affects the material’s properties. Stereocontrol is particularly important as it controls the
tacticity of the resulting PLA.

This presentation will describe the synthesis, characterization and polymerization catalysis of
Group 3 yttrium phosphasalen complexes, which are able to polymerize rac-LA in a fast and
highly iso-selective fashion (P;= 0.86). Polymerization kinetics, multi-nuclear NMR studies
and structure-activity relationships will be presented and used to rationalize the performance
characteristics of this new class of catalyst. In particular, the catalysts are compared to the
ubiquitous metal salen catalysts: phosphasalen catalysts show superior rates and
stereoselectivities.

The synthesis and characterization of other Group 3 and rare-Earth metal phosphasalen
complexes will also be described, and their applications as polymerization catalysts compared
with the yttrium phosphasalen catalysts. In particular, the differences between the metal
centres and the concomitant influence over the catalysis will be described.

Figure 1 — General structure of a phosphasalen metal complex.
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Where X = diimine bridge
R = alkyl group
M =Y, Ly, La
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New Ligands for Cu-Catalysed Aryl Ether Formation: Structure-Activity

Relationship and Mechanistic Investigation

C. Sambiagio.”” P.C. McGowan,” S.P. Marsden,” A.J. Blacker,” and R. H. Munday”
“iPRD, School of Chemistry, University of Leeds, Leeds, LS2 9JT, UK, “cmes@leeds .ac k.
b AstraZeneca Ltd ., Pharmaceutical Development, Macclesfield, SK10 2NA, UK

ABSTRACT

Aryl ethers are important motifs in medicinal chemistry, and the use of Cu-catalysed couplings (Ullmann
reactions) for their synthesis is a common procedure.!"’ Typically, these reactions require neutral or anionic
bidentate ligands to work efficiently. However, the role of the ligand is not totally clear yet,'”! and only a few
structure-activity relationship studies on families of ligands have been reported.”) Moreover, several mechanistic
studies have been performed on neutral ligands,**) whereas only a few were focused on anionic ligands.™
Herein, we report investigations on a new class of anionic ligands for Ullmann ether synthesis under mild

conditions, including structure-activity relationship, substrate scope and mechanistic investigations.
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Investigating the Coordination Chemistry of PNE Ligands with Group VI
Metals

James E. RADCLIFFE,* Andrei S. BATSANOV,* Martin J. HANTON,® Philip W. DYER®,*

“ Department of Chemistry, Durham University, South Road, Durham, DHI 3LE
b Sasol Technology UK, Purdie Building, North Haugh, St Andrews, KY16 95T
E-mail : james.radcliffe@durham.ac.uk

Heteroditopic chelate ligands have found widespread application in catalysis due to
their varied structural and coordination chemistry.! An important feature of many such
unsymmetrical metal scaffolds is their hemi-labile behaviour, i.e. the ability to reversibly
provide a vacant metal coordination site without complete ligand dissociation.” For example,
it has been shown that hemi-labile ligands play a key role in selective ethene trimerisation
systems based around Ar,PN(R)PAr, (Ar = Ph-0-OMe) ligands where the ortho-OMe group
has been shown to bind to chromium in a reversible fashion.’
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Scheme 1. Chromium and molybdenum complexes of PNE ligands.

This work investigates the use of novel PNE-type ligand systems, which can potentially
act as mono-, bi- or tri-dentate metal scaffolds in chromium-based ethene oligomerisation
catalysis. A range of PNE ligands have been synthesised using a straightforward base-
catalysed Michael addition of vinyl-diphenylphosphine to various heterocyclic secondary
amines.” The interaction of these PNE ligands with Cr and Mo complexes has been
investigated with the ligands having been shown to adopt either K]p or sz,N coordination
modes. The impact of the E-donor group in catalysis is probed.
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Breaking Hund's Rule in Manganese(III) drives Jahn-Teller and Spin State

Ordering

Michelle M. Harris, Laurence C. Gavin, Helge Miiller-Bunz, Grace G. Morgan
School of Chemistry and Chemical Biology, University College Dublin, Belfield, Dublin 4

Spin crossover (SCO) molecules comprise a promising class of compounds for application in
memory devices. A hysteretic transition pathway and hence molecular bistability i.e. having
two electronic states under the same set of conditions is essential in promoting a memory
effect and considerable efforts have been expended to develop systems with wide hysteresis
loops close to room temperature. Triggers for SCO include temperature, pressure or light. In
contrast to Fe and Co there are few examples of SCO in Mn™. Mn' is a particularly
interesting candidate for SCO as it has a pronounced Jahn-Teller (JT) effect in the high spin
(HS) state. We have shown the importance of ligand flexibility in promoting Mn' SCO
where population of dx*.y* on switching to HS requires elasticity in the xy plane. To date this
system type has promoted gradual SCO profiles and we have shown that anion modulation
and substituent modulation play a pivotal role in in Mn"! SCO. We have also reported the first

111

example of a Mn" compound with an abrupt and complete thermal spin transition and

opening of an 8 K hysteresis window.!'! We now report here two types of symmetry breaking

which has not been observed in the case of Mn!"!

. One driven by the resolving of disorder of
the normally passive BPh4 anion/?! and the other driven by the cation. This occurs through the
breaking of hund's rule which drives Jahn-Teller and spin state ordering. The transition also

occurs with the presence of a hysteresis loop.

[1] P. N. Martinho, B. Gildea, M. M. Harris, T. Lemma, A. D. Naik, H. Miiller-Bunz, T.
E. Keyes, Y. Garcia, G. G. Morgan, Angew. Chem., Int. Ed. 2012, 51, 12597-12601.

[2] M. M. Harris, L. C. Gavin, C. J. Harding, H. Miiller-Bunz G. G. Morgan, submitted.
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‘Inorganic’ Analogues of Arylphosphines.

Jonathan A. Bailey, Paul G. Pringle

University of Bristol, School of Chemistry, Cantock’s Close, BS8 1TS Bristol, UK.
Email: jb7498@bristol.ac.uk

Arylphosphines such as PPh; are ubiquitous ligands in coordination chemistry and
homogeneous catalysis. The importance of triphenylphosphine is illustrated by the abundance
of references relating to it in the literature (~29,000 references in SciFinder).

By replacing C-C units with the isoelectronic B-N unit in the aryl rings of phosphines, we
have obtained P-B ligands (1) with electronic and catalytic properties different to their all-
carbon counterparts.’ To synthesise these compounds, we developed a silane elimination

route (B-Cl + P-Si — P-B + Si-Cl) which has opened the door to many more borylphosphines,

e L 0
HN-B SN

N
H | H

‘ . B«
BN for CC HN NH

isoelectronic
substitution 1

2

including the first example of a tris(boryl)phosphine (2).

Furthermore, we are able to selectively insert an oxygen atom into the P-B bond, effectively
converting these P-B phosphine analogues to phosphinite, phosphonite and phosphite P-O-B

ligands. This can be done both on- and off-metal.

Co N’+ R, COR,

RZP—Rh
B\NH

& D& W

1. Bailey, J. A.; Haddow, M. F.; Pringle, P. G. Chem Comm. 2014, 50, 1432-1434.
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Weakly Coordinated Zinc and Aluminium c-Complexes of Copper(I)

Adi E. Nako, Qian Wen Tan, Andrew J. P. White & Mark. R. Crimmin
Department of Chemistry, Imperial College London, South Kensington, London, SW7 2AZ

Since the isolation of the first dihydrogen complex by Kubas and coworkers' in the mid-
1980’s research into the field of o-complexes has been expanding rapidly. c-Complexes are
considered to be important intermediates in catalysis,” but despite the use of the coinage
metals in a variety of chemical processes, intermolecular g-complexes of copper are to the

best of our knowledge unknown.’

We report the synthesis and characterisation of rare examples of intermolecular sigma
complexes of Cu(l). The coordination of both Al-H and Zn—H bonds to Cu(I) are reversible
reactions which compete with arene complexation in aromatic solvents. These complexes are
isolable as crystalline solids in high yields and their synthesis does not require the use of
photolysis apparatus. The three complexes have been fully characterised by NMR
spectroscopy, CHN analysis, and X-ray crystallography, with two contrasting coordination

modes observed in the solid state.

1) Kubas, G.J.,, Ryan, R. R, Swanson, B. 1., Vergamini, P. J., Wasserman, H. J., J. Am. Chem. Soc., 1984, 106 451

2)  Webster, C. E., Fan, Y., Hall, M. B., Kunz, D., Hartwig, J. F., J Am. Chem. Soc., 2003, 125, 858

3)  Gualco, P., Miqueu, K., Ladeira, S., Amgoune, A., Bourissou, B., Angew. Chem. Int. Ed. 2011, 50, 8320; Gualco,
P., Amgoune, A., Miqueu, K., Ladeira, S., Bourissou, B., J. Am. Chem. Soc., 2011, 133, 4257; Joost, M., Mallet-
Ladeira, S., Miqueu, K., Amgoune, A., Bourissou, D., Organometallics 2013, 32, 898
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Moving beyond B(C¢Fs);: Hydride-selective carbocations in frustrated
Lewis pairs

Ewan R Clark; Michael J Ingleson

School of Chemistry; University of Manchester; Oxford Road; Manchester; M13 9PL.

ewan.clark@manchester.ac .uk

B(C¢Fs); and its derivatives have found many uses over the years, perhaps most notably in
their efficient activation of dihydrogen when paired with a suitable Lewis base, in the
quintessential example of “Frustrated Lewis Pair” (FLP) chemistry.1 Within our group, the
search for alternatives lead us to develop 1, a borenium cation which activates dihydrogen
under FLP conditions but does so not as a boron centred Lewis acid but rather with the
hydride accepted at carbon.” Computational studies’ revealed that whilst the hydride ion
affinity (HIA) for this species at boron was significant, the HIA at the carbon centre was,
unexpectedly, 14 kcalmol™ greater. Calculated HIAs for simple alkylated pyridines and
polycyclic nitrogen bases indicated that substituent choice allows for the design of carbon
centred Lewis acids with HIAs comparable to or greater than that of B(C¢Fs);. Herein we
report the first successful exploitation of cheap, air and moisture stable, carbocations, 2, as the
Lewis acid components in the FLP activation of dihydrogen. Furthermore, these systems are
shown to be viable catalysts for the Lewis acid activation of Si-H bonds for the
functionalization of organic feedstocks.*

Cl<

Cl<__Cl
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H H

2
1 (a) Welch, GC; San Juan, RR; Masuda, JD; Stephan, DW; Science; 2006; 314; 1124-

1126 .(b) Stephan, D. et al; Inorg Chem.; 2011; 50; 12338-12348
2 Clark, ER; Ingleson, MJ; Organometallics; 2013; 32; 6172-6717
3 Clark, ER; Del Grosso, A; Ingleson, MJ; Chem. Eur. J.; 2013; 19; 2462-2466
4 Blackwell, JM; Foster, KL; Beck, VH; Piers, WE; J. Org. Chem.;1999; 64; 4887-4892
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An electrochemical study of frustrated Lewis pairs: a metal-free route to

hydrogen oxidation.

Elliot J. Lawrence, Gregory G. Wildgoose.*
School of Chemistry, University of East Anglia, Norwich Research Park, Norwich, NR4 7TJ.

Frustrated Lewis pairs have found many applications in the heterolytic activation of H, and
subsequent hydrogenation of small molecules through delivery of the resulting proton and
hydride equivalents. In this talk we will describe how H, can be pre-activated using classical
frustrated Lewis pair chemistry and combined with in sifu non-aqueous electrochemical
oxidation of the resulting borohydride. Our approach allows hydrogen to be cleanly converted
into two protons and two electrons in situ. Our initial studies focused on the archetypal Lewis
acid B(C¢Fs); (1) combined with the bulky Lewis base ‘BuzP. This system reduced the
overpotential (the required energetic driving force) for non-aqueous H; oxidation by up to 610
mV (117.7 kJ mol™") at a carbon electrode without the use of metal catalysts. However, the
ability to recycle the system was limited by decomposition of the Lewis acid via a protolysis
process. Since then we have graduated to an N-heterocyclic carbene-stabilized borenium
cation (2) derived from the 9-borabicyclo[3.3.1]nonane dimer. This has numerous advantages
over 1. The borenium cation (2) exhibits faster electrode kinetics and a greater resistance to
protolytic decomposition, thus enabling an improved recycling of the system. Most
importantly, the new system further gives a further 300 mV reduction in the H, oxidation
overpotential. This is equivalent to a 269.8 kJmol ™' reduction in total activation energy. Such

a significant energy reduction opens up routes to the development of non-aqueous hydrogen

energy technology.
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Iron-Catalyzed Dehydrocoupling/Dehydrogenation of Amine-Boranes
André Schéfer, James R. Vance, Alasdair P. M. Robertson, Kajin Lee, Joshua Turner,
George R. Whittell, lan Manners

School of Chemistry, University of Bristol, Cantock’s Close, Bristol BS8 ITS, U K.

The iron carbonyl complexes, [Cp(CO),Fe], and Cp(CO),Fel were found to be efficient
precatalysts for the dehydrocoupling /dehydrogenation of dimethylamine-borane
Me,N(H)-BH; to afford the cyclic diborazane [Me,N-BH,], upon UV photoirradiation at
ambient temperature. In situ analysis of the reaction mixtures by ''B NMR spectroscopy
indicate that different mechanisms operate in each case. [Cp(CO),Fe], dehydrocouples
Me,N(H)-BH3; via the aminoborane Me,N=BH, which then undergoes a [2+2] cycloaddition
to give [Me;N-BH;], in an off-metal step. In contrast to this, the reaction with Cp(CO),Fel
proceeds via the linear diborazane Me,N(H)-BH,-NMe, BH; as the key intermediate,
affording [Me;N-BH;], in a second metal-catalyzed step. Mechanistic studies indicate that the
active catalyst generated from [Cp(CO),Fe], is heterogeneous in nature and consists of small
nanoparticles (<10 nm). In contrast to this, experimental and DFT studies for the
photoactivated precatalyst Cp(CO),Fel suggest that the active catalyst formed in this reaction

was homogeneous.

homogeneous catalysis heterogeneous catalysis
uv hv UV hov
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J. Am. Chem. Soc. 2014, (DOI: 10.1021/ja410129j)
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Amine-Boronium Cations: Convenient Precursors to Aminoborane Monomers and
Polyaminoboranes via their Addition Polymerisation

Owen J. Metters, Andy M. Chapman, Alasdair P. M. Robertson, Paul J. Gates, Christopher H.

Woodall, Duncan F. Wass* and Ian Manners*

School of Chemistry, University of Bristol, Cantock’s Close, Bristol, BS8 1TS

Within the last decade, many methodologies have emerged to facilitate the
dehydrocoupling of amine-boranes to yield oligomeric and polymeric B-N species.' The
majority of this work focuses on the use of transition metal complexes to catalyse
dehydrocoupling reactions, with effective metal-free processes proving elusive.

Through stoichiometric reactions of amine-boranes (RR’NH*BH;, R=R’=Me and R=H,
R’=Me) with Brensted acids we have isolated and characterised a range of amine-boronium

cations with various accompanying anions (Cl', ‘OSO,CF; and [B(C¢Fs)4]).

RR'NH*BH3
Hel [H(OEt,)2][B(CeFs)a]
“H, -H,
HOTf | - Hz
RR'NH*BH,CI RR'NH*BH,OTf [RR'NH*BH(Et;0)][B(CgF 5)4]
R and R' = Me - 69% R and R' = Me - 92% R and R' = Me - 64% 4
R=HR'=Me -73% (ilR=HR"'=Me - 66% (il R=HR'=Me - 62% Cc2

B1

8 76 54 3210123456 -7-8-9-10-11-12-13
(ppm) c4

These cations react cleanly with sterically hindered amine bases (‘Pr,EtN or 2,6-di-
tertbutyl pyridine) to yield the expected amine-borane dehydrocoupling products ([Me,;N-
BH;], or [MeNH-BH;],), with the reaction proceeding via highly reactive amino-borane
intermediates/monomers (RR’N=BH,). Trapping reactions and direct observation of such
species (MeNH=BH, and Me,N=BH,) by ''B NMR spectroscopy has provided new insight

into the transition metal catalysed dehydropolymerization of amine-boranes.”

" A. Staubitz, A. P. M. Robertson, M. E. Sloan, I. Manners, Chem. Rev., 2010, 110, 4023
ZA. Staubitz, M. E. Sloan, A. P. M. Robertson, A. Friedrich, S. Schneider, P. J. Gates, J.
Schmedt auf der Giinne, 1. Manners, J. Am. Chem. Soc., 2010, 132, 13332
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Borate and Borane derivatives as chain-transfer agents in Group II
Immortal Ring-Opening Polymerisation of e-Caprolactone and rac-Lactide

J.Unruangsri and P.Mountford

Chemistry Research Laboratory, Department of Chemistry, University of Oxford, Mansfield
Road, Oxford, OX1 3TA, UK.

Immortal Ring-Opening Polymerisation (iROP) has been of great interest over the past
decade. The remarkable characteristic of iROP involves the rapid reversible exchange
between the growing polymer chains and chain-transfer agents (CTAs), allowing a large
number of polymer chains with narrow molecular weights to be produced. The most common
CTAs found in the literature are protic species, such as alcohol, water and hydrogen chloride,
which sometimes lead to the decomposition of the active, stereoselective metal catalyst.'”
Herein, we report the use of external and in-situ generated borate derivatives, B(OBn)s,
B(OMe); and pinacolborane (HBPin) as CTAs in iROP of e-caprolactone (CL) and rac-
lactide (LA). These elaborate catalytic systems can yield a variety of end group-capped PCL
and PLA in a one-pot polymerisation with no evidence of catalyst decomposition.
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Figure 1. In-situ generated Group II pre-catalyst and the borate derivative as CTA.

25000 Mn (GPC) none 16000 O Mn (GPC) TpMg(BH4) + 5PhCHO
Mn (GPC) 5PhCHO 14000 O Mn(GPC) TpMg(OBn) + none
20000 Mn (GPC) SPhCHO + B(OMe)3 O  Mn(GPC) TpMg(OBn) + B(OBn)3 OO
3 A Mn(GPC) B(OMe)3 5 12000 Linear (Calcd for 1 chain)
%15000 L?near (Caled for 1 Chafn) g 10000 Linear (Calcd for 4 chains)
5 Linear (Calcd for 4 chains) 0 =
o Linear (Calcd for 7 chairfs]] oo 8 8000 Q
o [0) Q
10000 a = 6000 Q
= O = 5
O [ErErm
4000
5000 - Ao PN o oo o m
Ao 2000 ~ iy
A ) og
0 = 0
0 20 4an A0 80 100 0 20 40 60 80 100

% conversion

Figure 2. Plots of M, (GPC) vs % conversion of &-

CL ROP using (TptB“’Me)Mg(BH4) and various
additives in THF.

% Conversion
Figure 3. Plots of M, (GPC) vs % conversion of rac-

LA ROP using (Tp®M)Mg(BH,) and various
additives in THF.

"T. Aida and S. Inoue, Acc. Chem. Res., 1996, 29, 39.
IN. Ajellal, J.-F. Carpentier, C. Guillaume, S. M. Guillaume, M. Helou, V. Poirier, Y. Sarazin and A.
Trifonov, Dalton Trans., 2010, 39, 8363.
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Cyclometalation reactions of rhodium and iridium NHC complexes:
attenuation and reversibility through ligand variation

James E. Wheatley,” Simone A. Hauser,” C. André Ohlin” and Adrian B. Chaplin**

“ Department of Chemistry, University of Warwick, Gibbet Hill Road, Coventry CV4 7AL, UK
b School of Chemistry, Monash University Clayton, Victoria 3800, Australia.
E-mail: a.b.chaplin@warwick.ac.uk

Promoted by the chelate effect, cyclometalation reactions of alkyl and aryl ligand appendages
represent a convenient means for achieving the activation of strong and nominally unreactive
C-H bonds." With direct applications in organic synthesis and serving as models for the
corresponding intermolecular processes, C—H bond cyclometalation reactions are of
considerable interest in organometallic chemistry and catalysis. As a consequence of their
strong c-donor characteristics and substituent directionality, N-heterocyclic carbene (NHC)
scaffolds are particularly well suited to cyclometalation reactions.” However, in applications
where spectator roles are intended, intramolecular activation of NHC ligands is unwanted and
potentially detrimental.

As part of our ongoing interest in the reaction chemistry of coordinatively unsaturated group
9 transition metal complexes, in this communication we present recent work involving NHC
complexes of rhodium and iridium. In particular an interesting example of reversible
cyclometalation using a tethered NHC ligand is reported together with the application of
Glorius’ conformational rigid IBioxMe, ligand for the isolation of low-coordinate NHC

3-5
complexes.

T Bl y

CI>/“E I—T_<\/<> ;ng_Ri 4 \’N _CDCN INNS\CD‘&
N\;INABu YN:N /NpN\§ X

M=;h, Ir o © \[yLO

Nolan, 2005 ATTENUATION o REVERSIBILITY

References: [1] Albrecht, M. Chem. Rev. 2010, 110, 576. [2] Crudden, C. M.; Allen, D. P.
Coordin. Chem. Rev. 2004, 248, 2247; most relevant example: Scott, N. M.; Dorta, R.;
Stevens, E. D.; Correa, A.; Cavallo, L.; Nolan, S. P. J. Am. Chem. Soc. 2005, 127, 3516. [3] J.
E. Wheatley, C. A. Ohlin and A. B. Chaplin. Chem. Commun. 2014, 50, 685. [4] Altenhoff,
G.; Goddard, R.; Lehmann, C. W.; Glorius, F. J. Am. Chem. Soc. 2004, 126, 15195. [5] A. B.
Chaplin, Organometallics DOI: 10.1021/om401223w.
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Does rate limiting C-H activation always entail a Kinetic isotope effect?
C.L. M*Mullin,' A. G. Algarra,' Q. Khamer,” S. A. Macgregor,' and D. L. Davies®
! Institute of Chemical Sciences, Heriot-Watt University, Edinburgh, EH14 4AS, UK

2 Department of Chemistry, University of Leicester, Leicester, LE] 7RH, UK

Catalytic C-H functionalization using Rh and Ru catalysts has shown potential as a new route to many
desired heterocycles by forming new C-Y bonds (Y = C, N, O). However, current understanding of the
mechanisms involved in such reactions is limited - yet key to a rational basis for developing efficient

and selective catalytic systems.

The work presented here combines experimental and DFT studies on the efficient coupling of 3-
phenylpyrazole with alkynes to form new C-C and C-N bonds, using [Cp*RhCL], or [(p-
cymene)RuCl], as catalysts' (see Scheme 1).

Experimental studies indicate that with
Rh C-H activation is competitive with
migratory insertion and a kx/kp kinetic
isotope effect (KIE) of 2.7 + 0.5 is
determined. In contrast for Ru the
ku/kp KIE is 1.1 £0.2.

DFT studies on the Rh system showed
the need to model the full experimental
system in the calculations and to
incorporate a correction for disperion
effects in order to capture the
experimental behaviour. With Ru this
approach suggested rate-limiting C-H
activation. This result can still be
consistent with the lack of a KIE due to
the two-step nature of the C-H
activation process, which involves (i)
«*-k' acetate displacement and (ii) C-H
bond cleavage. For Ru the former step -
in which no C-H bond elongation is
seen - has the higher lying transition
state. This is therefore consistent with a
rate limiting C-H activation step that
occurs without a significant KIE.
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Scheme 1 — C-H functionalisation reaction pathway for
3-phenylpyrazole and an alkyne (RC=CR) with a [Cp*Rh] or
[(p-cymene)Ru] catalyst

"A. G. Algarra, W. B. Cross, D. L. Davies, Q. Khamer, S. A. Macgregor, C. L. McMullin and K. Singh, J. Org.

Chem., 2014, DOI: 10.1021/j0402592z.
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Controlling Selectivity of Csp>-H Activation: An experimental and

computational study.

K. Carr,' D. L. Davies,” S. A. Macgregor,' B. Villa-Marcos”
ISchool of Eng. & Phys. Sciences, Herriot-Watt University, Edinburgh, EHI14 4AS, UK

2Department of Chemistry, University of Leicester, Leicester, LE] 7RH, UK

Catalytic C-C bond formation by functionalisation of C-H bonds is a step-economical
approach for the synthesis of complex organic molecules. An understanding of the kinetic and
thermodynamic selectivity of the C-H activation will facilitate the rational design of more
efficient and selective catalysts in the future.

Herein, we present a combination of experimental and computational studies on the relative
reactivity towards acetate-assisted C(sp’)-H activation in a series of imines featuring
heterocyclic, vinyl and phenyl substituents at iridium and rhodium. H/D exchange
experiments suggest that the selectivity of C—H activation at Ir is determined by kinetic
factors while that at Rh is determined by the product thermodynamic stability, leading to a
different order of selectivity depending on the metal used. The different reactivity of these
substrates with Ir and Rh is well supported by the computational studies. This work provides
the foundation for the development of a computational methodology for the design of

selective catalysts that involve an AMLA/CMD' C-H activation process.

(a) at iridium

,lPr /IPI‘ ,/Pr ,/Pr ,/Pr N™
M ~
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H-L,
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Reactivity: 1T =n L
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,lPr //Pr //Pr //Pr iPr
|
O* O* O* < "<
O Hu, S H-L;, H-Ls
Relative 4. 4 5 1:>20 1:2 1:10 1:>20
Reactivity:

'AMLA: Ambiphilic Metal-Ligand Assistance; CMD: Concerted Metalation-Deprotonation.


Jon Rourke
dalton2014                                                                                Tuesday 4.20 pm L5


dalton2014 Tuesday 4.40 pm L5

Exploiting the redox chemistry of nitrite species in Pd-catalyzed aerobic

oxidation of unactivated C(sp3)-H bonds.

Margot. N. Wenzel, Philippa K. Owens, Jason. M. Lynam, Adrian C. Whitwood and Ian J. S.

Fairlamb
Department of Chemistry, University of York, Heslington, York YO10 DD, United Kingdom
lan.fairlamb@york.ac.uk

The catalytic and selective C-H bond functionalization of organic substrates is a challenge in
synthetic chemistry, especially in the field of unactivated C(sp’)-H bonds. In a recent paper,
Sanford and co-workers described the acetoxylation of C(sp’)-H bonds using Pd(OAc), as
catalyst and dioxygen as the terminal oxidant in acetic acid/acetic anhydride.' It was found
that the addition of NaNOs, a redox co-catalyst, was crucial for effective catalysis, however,
its precise role is still not well established. Our group recently described the presence of
nitrite impurities in commercial Pd(OAc),, asking as well the question of its implication
(spectator ligand or involved in catalytic processes?).” We choose to direct our mechanistic
studies on the acetoxylation reaction of 8-Methylquinoline. A series of five new palladacycles
containing both the 8-Methylquinoline and nitrate/nitrite ligands have been synthesized,
characterised and evaluated as catalyst for the acetoxylation reaction (Figure 1).

5 mol% Pdcat N
S x mol% NaNO; O;j
Pd(OAc) (1 eq.), Z__>—. .0 “ _— N”
N ACOH, reflux, 1.5 h 8;30 SN N AcOH/AG,0 )
| e o P (} Mo air AcO
N 8’1'}’0\ 1 240,110 °C 2
1 (3, 85%) 100 uleq.
LiCl (4 eq.), acetone, 90 | | | N NaNO3
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_ 80 0.25 eq.
PPhs (1.05eq.) =

PR cl CH L 22°C. [ ] pg%ogNS X7 NaNO3
— _N""Pd~pph. SEANLU c 60

3 - [N C ° 0.1eq.
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(5, quant.) 4, 80%) P NaNO3
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Y= 3, 94% LY = , guant.

6b, Y = NO2, quant. 7b, Y =NOg, quant. 0’1’ ” @ & A? A? AQ
N

Pd catalysts

Figure 1: Synthesis and catalytic evaluation of the new palladacycles 3-7
Mechanistic studies of the reaction, isolation of intermediate Pd-species during the catalytic

cycle, '®O-labelling experiments and kinetics studies have been performed and will be
described.

" Sanford, M. S. et al., Chem. Sci. 2012, 3, 3192-3195.
? Fairlamb, 1. J. S. et al., Chem. Sci. 2012, 3, 1656-1661.
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Synthesis and reactivity of rollover cyclometalated complexes

L. Maidich™"!, A. Zucca™, S. Stoccoro™, M. A. Cinellu, G. J. Clarkson', J. P. Rourke!
a]Dipartimento di Chimica e Farmacia, Universita di Sassari — Via Vienna, 2 — 07100
Sassari — Italy; [b]Departmemf of Chemistry, University of Warwick — CV4 7AL Coventry —
United Kingdom

Cyclometalation reactions constitute one of the evergreen fields in synthetic chemistry
because of the variety of applications, from substrate functionalization to catalyst production
and model for C-H activation.' A variation on this theme is rollover cyclometalation where a
bidentate donor, such as 2,2’-bipyridine, upon C-H activation leads to a species with a free
donor atom that is able to influence the properties, hence the reactivity, of the complex.2

We explored the similarities/differences between classical and rollover cyclometalation to
check the importance of the second nitrogen donor by comparing suitably substituted 2,2’-
bipyridines and 2-phenylpyridines; moreover the properties of the ligands were tuned to
investigate the impact of stereoelectronic modification on the C-H activation process.

The reactivity of the newly synthesized cyclometalates having formula [Pt(K2—N,C)(CH3)(L)]
(K*-N,C = cyclometalated ligand, L = neutral ligand) was tested in different conditions: ligand
substitutions, protonolysis, oxidative additions and reductive eliminations.” A wide variety of
mono and dinuclear complexes was obtained and fully characterized by NMR spectroscopy.
Further insights have been sought from in silico experiments using DFT calculations that led

to a nice agreement with the chemistry observed.

7 N\ \ 7 N\
X=C-H _N\Pt — X=N —N > —
t
L/ e 5 7 CH; 1~ CH;
Classical cyclometalated L =2¢" donor Rollover cyclometalated

' M. Albrecht, Chem. Rev., 2010, 110, 576-623.

’B. Butschke, H. Schwarz, Chem. Sci., 2012, 3, 308-326.

3A. Zucca, L. Maidich, L. Canu, G. L. Petretto, S. Stoccoro, M. A. Cinellu, G. J. Clarkson, J. P. Rourke, Chem.
Eur. J., accepted, DOI: 10.1002/chem.201304257.
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Computational Studies of Ruthenium Hydrides as Novel Nucleophiles

in C-F and C—-Cl bond activation
D. McKay,” S. A. Macgregor,’ 1. Riddlestone’ and M. K. Whittleseyz

7 Institute of Chemical Sciences, Heriot-Watt University, Edinburgh EHI14 4AS, UK

4 Department of Chemistry, University of Bath, Claverton Down, Bath BA2 7AY, UK

The Ru(Il) N-heterocyclic carbene complex, [Ru(IPr)(PPh;3),(CO)(H),], catalyses

hydrodefluorination (HDF) of perfluoroaromatics.' Previous work with C¢FeHy (x = 0, 1)
has shown that HDF proceeds via a novel mechanism involving hydride attack at the arene.*>
Here DFT calculations show the same mechanism is operative in the HDF of
pentafluoropyridine (Scheme 1). Thus, Pathway I sees an external Ru—H:--C—F hydride attack
process, while Pathway II features a stepwise internal process. Moreover the HDF of lower

fluorinated fluoropyridines CsNFs Hy (x = 0 — 3) is accessible via the same mechanism.

[Rul--,

t
=ed

N F F .
~F
Pathway | [Ru]—H + | — [Ru]—F * '\\l : a) [Rul—H + HsC—X [RUIX] + CH,
(external) FNF H E
R_F F [Ru] = trans-[Ru(IMe4)2(PPh3)2(H),]
man, e |
H F H y
Pathway Il [Ru]— MNF (Rul--- N F A (o] H H H
(internal) M FT\/‘IF g HQF [Ru‘]*N\ ) F B [Ru—H +H y [Ru]-ClI +H y
F % H F H H
[Ru] = Ru(IPr)(PPh3)(CO)(H) [Ru] = mer-[Ru(PPh)s(H),]
Scheme 1 Scheme 2

Further calculations have explored the general ability of Ru-hydrides to act as nucleophiles.
For example, trans-[Ru(IMes),(PPh;3)»(H),] is computed to undergo facile SN2 reactions with
methyl halides (Scheme 2a) and a hydride attack mechanism is accessible in the C—Cl bond
activation of chlorobenzene at mer-[Ru(PPh;);(H)2(H,)] (Scheme 2b). Hydride nucleophilic
attack therefore provides an alternative mechanism that may compete with more established

processes such as oxidative addition.

1. S. P. Reade, M. F. Mahon and M. K. Whittlesey, J. Am. Chem. Soc., 2009, 131, 1847.

2.J. A. Panetier, S. A. Macgregor and M. K. Whittlesey, Angew. Chem. Int. Ed., 2011, 50, 2783.

3. S. A. Macgregor, D. McKay, J. A. Panetier and M. K. Whittlesey, Dalton Trans., 2013, 42, 7386.
4. V. V. Grushin, S. A. Macgregor, D. McKay, H. Samouei, in prep.
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Periplasmic binding protein captures low-denticity siderophores
D.J. Raines, O. V. Moroz, K. S. Wilson, A .-K. Duhme-Klair
Department of Chemistry, University of York, UK

Microorganisms produce siderophores to acquire essential Fe(IIT). Whilst the most efficient
siderophores are hexadentate, others are only tetradentate but still coordinate to Fe(IIl) and
mediate its uptake. The Fe(Ill) complexes of hexadentate siderophores and mimics, such as
MECAM®, are coordinatively saturated and interact with their binding proteins through a

combination of electrostatic interactions and hydrogen bonding (Figure 1, left) [1].

Tetradentate siderophores, however, can occupy only four of the six coordination sites of
octahedral Fe(Ill). We determined the crystal structures of the Fe(IlI) complexes of a series of
tetradentate siderophores bound to the periplasmic binding protein CeuE of Campylobacter
Jjejuni and found that two amino acid side chains coordinate directly to the Fe(III) centre, thus
completing its coordination sphere (Figure 1, right) [2]. By displaying this switch in binding
mode, CeuE is the first siderophore binding protein to provide structural insights into the
binding of both hexadentate and tetradentate siderophores. We propose that the two amino
acid residues act as an adaptor that enables the binding protein to capture more than one type

of ferric siderophore.

MECAM? g: 4-LICAM*
- ] Figure 1: Fe(IIl) coordinated

to the siderophore mimics
MECAM" and 4-LICAM*
(coloured by atom type) with
key amino acid residues in the

binding pocket of CeuE

shown (green carbon atoms).

References:
[1] A.Miiller, A.J. Wilkinson, K. S. Wilson, A.-K. Duhme-Klair, Angew. Chem. Int. Ed.,
2006, 45, 5132.
[2] D.J.Raines, O. V. Moroz,K. S. Wilson, A.-K. Duhme-Klair, Angew. Chem. Int. Ed.,
2013, 52, 4595.
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New insight into the mechanism of NiFe hydrogenases from IR

spectroscopy coupled with protein film electrochemistry

Philip A. Ash, Ricardo Hidalgo, Min-Wen Chung, Kylie A. Vincent*

Department of Chemistry, University of Oxford, Inorganic Chemistry Laboratory, South
Parks Road, Oxford, OX1 3QR, UK.

philip.ash@chem.ox.ac.uk

kylie.vincent@chem.ox.ac.uk

This talk describes experiments that provide new insight into the mechanism and reactions of

nickel-iron hydrogenases - nature’s efficient catalysts for oxidation and production of H..

Metalloenzymes are fascinating to chemists because of their ability to carry out catalysis
selectively using cheap, abundant metals. One important technique used in studying redox
catalysis by enzymes is the approach known as protein film electrochemistry (PFE) in which
the enzyme of interest is immobilised on an electrode and can undergo rapid and direct
exchange of electrons with the electrode surface. The enzyme is thus handled as a
heterogeneous electrocatalyst, directly comparable to a metal electrode or supported
nanoparticle catalyst. The power of this technique in replacing the biological redox chain of
an enzyme by direct electron transfer to or from an electrode has spurred the development of
electrode configurations designed to allow spectroscopic sampling to be coupled with PFE.'?
We have focussed on coupling infrared spectroscopy with direct electrochemical control of
hydrogenases adsorbed on a carbon electrode, and describe simultaneous electrocatalytic and
in situ infrared measurements on E. coli hydrogenases. For the first time, these measurements
allow states of the active site to be probed under catalytic as well as non-catalytic conditions,

correlating active site states with turnover under different solution and potential conditions.

These data provide new insight into the catalytic mechanism of H, activation by nickel-iron

hydrogenases and the approach opens up possibilities for addressing catalytic states of a range
of metalloenzymes.

References

1 L. Krzeminski et al., J. Am. Chem. Soc., 2011, 133, 15085.

2 R.-M. A.S. Doyle et al., Electrochim. Acta, 2013, 110, 73.

3 P.A. Ash and K. A. Vincent, Chem. Commun., 2012, 48, 1400.
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UNVEILING THE BIOSYNTHESIS OF THE H-CLUSTER OF [Fe-Fe]-HYDROGENASE
A.D. Hill, J. T. Holmes, S. K. Ibrahim, M. Bruschi™ and C. J. Pickett
Energy Materials Laboratory, School of Chemistry, University of East Anglia, Norwich NR4 7TJ, UK

One of the most remarkable catalysts in biology is the H-
cluster of the [FeFe]-hydrogenase, which can catalyse the
evolution of hydrogen from water at rates comparable to the

R
precious metal platinum.! The structure of the H-cluster is

shown in Figure 1, and features a Fe,S, cubane linked to a 2 &
diiron subsite. Iron-sulfur clusters featuring such Fe,;S,centres y

are ubiquitous in living systems and are perhaps the most /{\f/
ancient of prosthetic groups. The fascinating Fe,S, subsite \ g ’/’

S

contains biologically unusual carbon monoxide and cyanide
ligands, and is the reactive centre for hydrogen activation. Figure 1 The H-cluster

We have been exploring how such Fe,S, subsites might be assembled. We now show that in the
presence of carbon monoxide and cyanide, the Fe(CO)(CN) motif can be generated at synthetic
clusters. This provides chemical precedence for synergic binding of CO and CN", strongly supporting
the proposal that biosynthesis of the subsite originates from Fe,S, cubane precursors.”* The infrared
spectrum of our chemical species formed at short time has essentially identical bands to those
observed in protein studies recently conducted by Britt, George and coworkers.” The identification of
these bands as arising from a Fe(CO)(CN) motif is supported by computational simulation. This
confirms the spectroscopic fingerprint for both the synthetic molecule and the detected biological
intermediate.
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9] Dept Environmental and Earth Sciences, University of Milan Bicocca, Piazza della Scienza 2, 20126
Milano, Italy.

1. C.TardandC.J. Pickett, Chem. Rev., 2009, 109, 2245.
2. J. M. Kuchenreuther et al., Science, 2014, 343, 424.
3. C. ). Pickett, Science, 2014, 343, 378 (Perspective).
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[FeFe]-Hydrogenase synthetic mimics based on peri-substituted
dichalcogenides

Carlotta Figliola, Sarah L. Horswell*, Richard S. Grainger*

School of Chemistry, University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK
e-mail: cxf026 @bham.ac .uk; r.s.grainger @bham.ac .uk

[FeFe]-Hydrogenase plays a central role in microbial energy metabolism, catalysing the
reversible interconversion of protons and electrons into molecular hydrogen. The H-cluster is
composed of an [FesS4]-cubane core linked by a cysteinyl residue to a [2Fe2S]-subsite. The
[FesS4]-cluster is anchored to the protein by three cysteines and the binuclear metal centre is
bridged by a dithiolate ligand with biologically unusual carbonyl and cyanide ligands
completing the coordination sphere. '
Naphthalene-1,8-dithiolate complexes la-c have been previously investigated as [FeFe]-
Hydrogenase mimics. > The naphthalene backbone provides a three atom spacer between the
sulfur atoms as in the active site of the enzyme. Its rigidity should prevent the associative
degradation observed for other mimics, ' and allow considerable variation of steric and
electronic properties of complexes.
- 00 % %o
oC™ | “CO
s

H,O. S8 [FesSal 1aR", R?2=H

1 1
ocr\l—C'fe\C/Fe\éﬁo R RY 1bR'='Bu; R?=H
o 1cR', R?=Cl

H-cluster 5 )
of [FeFe]-hydrogenase R R

We have prepared additional complexes 2a-e based on the naphthalene backbone, which
differ in the heteroatoms X and Y and substituents R in the ortho positions, and related
complexes 3a-b and 4.

CO co
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R R 2d R= OMe; X=Y=Se 3b X=Y=Se
Oyt RS OO O
2f R= IBu; X=S; Y=Se O

3

Complexes 2a, 2b, 2¢, 3 and 4 show reduction potentials (E;) between 1.5 and 1.4 V, more
positive than ligands with saturated linkers, but with enhanced stability upon
reduction/oxidation. Upon addition of PTSA an increase in the current intensity of the peak
relative to the reduction potential of the [FeFe]-complex was observed, confirming the
catalytic activity.

'(a) Tard, C.; Pickett, C. J. Chem. Rev. 2009, 109, 2245. (b) Gloaguen, F.; Rauchfuss, T. B. Chem.
Soc. Rev. 2009, 38, 100. (c) Capon, J.; Gloaguen, F.; Pétillon, F. Y.; Schollhammer, P.; Talarmin, J.
Coord. Chem. Rev. 2009, 253, 1476. (d) Felton, G. A. N.; Mebi, C. A.; Petro, B. J.; Vanucci, A. K.;
Evans, D. H.; Glass, R. S.; Lichtenberger, D. L. J. Organomet. Chem. 2009, 694, 2681-2699.

2 Wright, R. J.; Lim, C.; Tilley, T. D. Chem. Eur.J. 2009, 15, 8518.
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Title: Oxygen Tolerance in Membrane-Bound [NiFe]-Hydrogenases

Valentin Radul, Stefan Frielingsdorfz, Stephen D. Evansl, Oliver Lenzz, and Lars J.C. Jeuken'

! School of Biomedical Sciences, the Astbury Centre for Structural Molecular Biology, and
School of Physics & Astronomy, University of Leeds, Leeds LS2 9JT, United Kingdom.

2 Institut fiir Chemie, Sekretariat PC14, Technische Universitdt Berlin, Strafe des 17. Juni
135, 10623 Berlin, Germany

Hydrogenases have been extensively studied for applications in hydrogen-oxygen fuel cells.
Their ability to selectively interconvert H; to H's makes them ideal catalysts for H,/O; biofuel
cells. When they are used in conjunction with a selective catalyst for O, reduction, like
laccase or bilirubin oxidase, it is no longer necessary to separate the anode from the cathode
with a gas impermeable membrane as required in Pt based fuel cells. However, the fact that
hydrogenases are inactivated by oxidative redox conditions or O, has reduced their promise.
Membrane-bound [NiFe]-hydrogenases (MBH) are relatively tolerant to oxygen, but anodes
coated with water-soluble subcomplexes of MBH are still inactivated under oxidative
conditions. Here, we will present electrochemical investigations of the full heterotrimeric
MBH of Ralstonia eutropha using electrodes modified with planar tethered bilayer lipid
membranes (tBLM). Cyclic voltammetry and chronoamperometry experiments show that
MBH, in equilibrium with the quinone pool in the tBLM, does not ‘anaerobically’ inactivate
under oxidative redox conditions. In acrobic environments, the MBH shows some inactivation
by O», but only to a small extend and reactivation was found to be fast even under oxidative
redox conditions. This significant enhancement in resistance to inactivation will be discussed
with respect to molecular mechanism of oxygen tolerance and the oligomeric state of MBH in

the lipid membrane.


Jon Rourke
dalton2014                                                                               Tuesday 5.00 pm B202


dalton2014 Tuesday 5.20 pm B202

Title: Nonheme iron(IV) enzymes: Unusual mechanism and reactivity of

wild-type and bioengineered systems.

Authors Sam P. de Visser

Affiliation: Manchester Institute of Biotechnology, the University of Manchester, 131
Princess Street, Manchester M1 7DN, United Kingdom.

Abstract. High-valent metal-oxo species are common intermediates in enzymatic processes
and have been identified in heme as well as nonheme iron enzymes, where often the catalytic
intermediate is an iron(IV)-oxo species.' We have performed a series of density functional
theory and quantum mechanics/molecular mechanics calculations to establish the properties
of the iron(IV)-oxo oxidant of enzymatic and biomimetic model complexes and investigated
the chemical properties and reactivity patterns. In particular, we are interested in the effects of
ligands, substitution of the metal and environmental perturbations, e.g. hydrogen bonding,
that may affect its chemical properties and its potential to act as an active oxidant in a reaction
with substrates.” These studies show that seemingly minor perturbations to the oxidant
through weak/non-covalent interactions may result in major catalytic differences due to their
electrostatic effects on orbital occupation. In further studies we focused on several enzymatic
nonheme iron enzymes and established the catalytic cycles of AlkB repair enzymes and S-
mandelate synthase.”* Finally, computational studies assisted experimental biochemical
engineering studies whereby S-mandelate synthase was converted into R-mandelate synthase,
1.e. a full enantioselectivity reversal was established.

REFERENCES
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Title: Targeting high-spin clusters for reactivity

Theodore Betley

Harvard University, USA. email: betley@chemistry.harvard.edu

We have ventured to make small molecule activation more kinetically favorable by creating a
minimal reaction site capable of effecting multi-electron reactivity. The generation of reactive
transition metal clusters has long been sought after to meet this challenge, though preventing
strong M—M bond formation and being able to manipulate both the local and ensemble
coordination spheres is an unsolved problem. Small molecule activation is already
accomplished in nature by a number of metalloenzymes that feature polynuclear transition
metal assemblies. Polynuclear metallocofactors in biology (e.g. FeMo-cofactor in nitrogenase,
water-oxidation catalyst in photosystem II) extensively use first row transition metal ions that
adopt open-shell electronic configurations. The presence of multiple transition metal centers
within close proximity to one another enables the complex to efficiently carry out multi-
electron redox processes, buttress redox changes within the cluster, and provide multiple
coordination sites and modes for substrate binding. The protein superstructure provides the
organizational template within which the polymetallic core self-assembles and functions.
Thus the challenge towards replicating the function of these metallocofactors is to, in the
absence of a protein, generate a modular weak-field ligand scaffold that can proximally
accommodate multiple transition metals, allowing the reaction chemistry of clusters as
molecular units to be explored. To synthesize open-shell cluster complexes meeting the
aforementioned design criteria, we have developed flexible, multinucleating ligands
composed of weak-field binding sites to direct the formation of predesigned multinuclear
architectures. In addition to synthetic tunability, this directed approach offers the advantage of
the ability to probe how the ligand scaffold influences the overall molecular symmetry and
electronic structure. My talk will discuss how we: (1) Synthesize ligand platforms capable of
proximally binding multiple transition metals; (2) establish the cluster capacity for multi-
electron redox chemistry; and (3) demonstrate the clusters’ ability to bind and activate small

molecule substrates.
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Developing Catalytic Reactions One Step at a Time

Jennifer A. Love

Department of Chemistry, The University of British Columbia, 2036 Main Mall, Vancouver,
BC, V6T 171, Canada, email: jenlove@chem.ubc.ca

Transition metal catalysts are widely used in the industrial synthesis of pharmaceuticals,
materials and fine chemicals. Despite this obvious utility, the factors that control catalyst
activity and the individual steps of a catalytic reaction (e.g., oxidative addition, reductive
elimination, etc.) are often poorly understood. This knowledge is essential for the design of
chemical processes that are highly efficient and generate minimal chemical waste — two key
goals in catalysis research that have widespread significance for the development of safe and
sustainable chemical processes. My research group explores the reactivity of a number of
transition metal complexes with the goal of using the knowledge gained from these studies to
develop highly efficient, fundamentally new reactions. Of particular interest is the reactivity
of late transition metal-element (M-X, X =C, O, F, S, N, etc) bonds, as these are implicated
in a wide variety of catalytic processes. In this lecture, I will discuss our recent progress in
metal-catalyzed synthesis of functionalized aryl fluorides (eq 1) and Rh-mediated olefin

oxidation reactions (eq 2).
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Copper trafficking pathways and enzymes involved in morphological development of
Streptomyces lividans

Katie L..M. Blundell', Amanda K. Chapin', Michael A. Hough', Erik Vijgenboom?,
Jonathan A. R. Worrall'

School of Biological Sciences, University of Essex, Wivenhoe Park, Colchester, CO4 350,

UK. *Molecular Biotechnology, Institute of Biology, Sylvius Laboratory, Leiden University,
PO Box 9505, 2300RA Leiden, The Netherlands. (jworrall@essex.ac.uk)

Streptomycetes are soil dwelling bacteria, best known for their production of a large number
of compounds that have antibacterial and antifungal properties. Certain streptomycetes
display a distinct dependence on the bioavailability of copper to initiate a key development
switch in their life cycle. Streptomyces lividans is one such strain and is used commercially as
a host in biotechnology applications. We have studied using biochemical and structural
methods the role of copper ions, cupro-proteins and cupro-enzymes in S. /ividans and have
recently identified a branched extracytoplasmic copper trafficking pathway that under low
copper concentrations chaperones copper ions to two cuproenzymes. Genetic manipulation of
this trafficking pathway leads to S. /ividans strains in which their morphology in liquid
cultures is altered. In some mutants the morphology can be controlled by addition of very low
amounts of copper ions. This leads to a potential opportunity for use of these new strains as

improved cell factories for the production and secretion of enzymes.
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Advances in Gold(III) Chemistry: Hydrides, Peroxides and Olefin Complexes

Manfred Bochmann

Wolfson Materials and Catalysis Centre, School of Chemical Sciences, University of East
Anglia, Norwich NR4 7TJ, UK. E-mail m.bochmann@uea.ac.uk

Gold(III) complexes find widespread use in catalytic transformation of alkenes and
alkynes. However, whereas Zeise’s salt, K[Pt(C,H4)Cls], was the first transition metal alkene
complex, well-defined alkene complexes of the isoelectronic Au(IIl) systems were unknown.
Bis-cyclometallated complexes derived from 2,6-diphenylpyridine show sufficient stability
towards reduction to generate Au(Ill) cations capable of binding olefins. Pincer ligands also
provide sufficient stability to allow the isolation of the first gold(III) hydride and an
exploration of the chemistry of Au(IIl) towards oxygen ligands: Hydroxides, oxides, as well
as the first examples of gold(III) peroxides, alkylperoxides and hydroperoxides. Most
unusually, it can be shown that, unlike its Pt(Il) analogues, Au(IIl) hydroxides can act as
oxidising agents, forming gold hydrides in the process. Several of these reactions also lead to
remarkably stable Au(Il) complexes with an unsupported Au-Au bond, although under
photochemicsal conditions disproportionation into an octanuclear Au(I)sAu(Ill)4 cluster was
observed. The reactions, structures and mechanisms and bond energies will be discussed.

Many of the new gold compounds show interesting photoluminescent properties and

allow modulation of the emission wavelength from blue to orange.
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Application of Digold-Hydroxides in Dual Activation Chemistry

Adrian Gomez-Suarez, Stéphanie Dupuy, Yoshihiro Oonishi, Anthony R. Martin, Alexandra
M. Z. Slawin and Steven P. Nolan*

EaStCHEM, School of Chemistry, University of St Andrews, North Haugh, St Andrews, Fife,
KY16 9ST, UK

The majority of gold-catalysed transformations take advantage of the exceptional Lewis
acidity displayed by gold species to activate C-C multiple bonds, generally alkynes, towards
nucleophilic attacks. It has always been assumed that these reactions proceed via the
interaction of one gold centre with one substrate molecule. The seminal work published by
Toste in 2008 casts doubt upon this assumption. Therein, he proposed that not one, but two

gold centres could interact with one substrate molecule, therefore generating two new kinds of

complexes: a) O’,Tl?-digOld acetylide and b) gem-  |gem-diaurated o,7-digold-acetylide  Digold hydroxide
[Au] [Au]®
diaurated species (Figure 1).! Studies on the @ '
p (Fig ) [Au] —==—[A] A" A
nature of these species have lead to the Figure 1. Dinuclear gold species

development of a novel type of gold catalysed transformations that require dual activation of
the substrate by the gold catalyst. Mechanistic studies support the proposal that these
reactions require the interaction of two gold centres with one substrate molecule.

Our group has contributed to this area with the study of the synthesis and reactivity of a series
of diaurated complexes of the formula [ {Au(NHC)},(u-OH)][BF,] (1) (NHC = N-heterocyclic
carbene). Digold hydroxides 1 can be considered as a combination of Lewis acid
[Au(NHC)][BF,] (2) and Brensted base [Au(OH)(NHC)] (3). Taking advantage of the
bifunctional nature of this species we have been able to access both o,n-digold acetylide and

gem-diaurated species (Figure 1).> Moreover, we have been able to use this bifunctional

natur develo
ature  to P - { o }BH
reactions, such as / _/ R—==R
, O KAUNHC))5(u-OH)I[BF] , .
efficient alkyne |[R—— r+ ~ , 0 via o
1 \/\ 20 examples R B H m/ e
hydrophenoxylation R 34.00%% yreldls . v
protocols, in which two Scheme 1. Hydrophenoxylation of Alkynes Cooperative Dual Activation

gold centres interact with two different substrates (Scheme 1).°

(1) Gomez-Suarez, A.; Nolan, S. P. Angew. Chem. Int. Ed. 2012, 51, 8156. (2) Gémez-Suarez, A.;
Dupuy, S.; Slawin, A. M. Z.; Nolan, S. P. Angew. Chem. Int. Ed. 2013, 52, 938. (3) Oonishi, Y.;
Gomez-Suarez, A.; Martin, A. R.; Nolan, S. P. Angew. Chem. Int. Ed. 2013, 52, 9767.
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Title: Copper-N-Heterocyclic Carbenes; Synthesis, Structure and

Reactivity
Authors. Benjamin R. M. Lake and Charlotte E. Willans

School of Chemistry, University of Leeds. Email: c.e.willans@leeds.ac .uk.

Copper-N-heterocyclic carbenes (NHCs) are active in a number of catalytic reactions,
including C-H activation, cycloaddition, hydrosilylation, and alkene functionalisation.'
Preparation of copper-NHCs usually relies on strong bases and the need for strict inert
conditions. We have reported a simple and efficient electrochemical procedure to prepare a
range of structurally diverse copper(I)-NHC complexes.” Following on from this work we
have examined pyridyl- and picolyl-substituted NHC ligands in copper(I) and copper(II)
chemistry. This has led to an interesting array of different compounds and structures. We have
found that the nitrogen substituents are not innocent and direct the pathway that the NHC
ligands take (Figure 1).
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Flgure 1: Reaction of silver(I)-NHC complex with different stoichiometries of copper(Il)
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Title: Low Coordinate Ni(I) Complexes Bearing Ring Expanded N-Heterocyclic Carbenes

Authors: Rebecca C. Poulten, Michael J. Page, Michael K. Whittlesey.
Department of Chemistry, University of Bath, Bath. BA2 74Y.

In a series of recent publications'~ we have described the use of sterically demanding 6- and
7- membered ring expanded N-heterocyclic carbene (RE NHC) ligands for the preparation of
three coordinate Ni(I) species, exemplified by the 6-membered N-mesityl derivative, 1. In this
presentation we will discuss various reactions of 1, including formation of the magnetically
interesting two coordinate Ni(I) cation, [Ni(6-Mes),]" 2, and its Ni(0) analogue Ni(6-Mes)s,
formation of the Ni(II) C-H hydroxylation product 3 upon activation of O, and isolation of
low coordinate Ni(I) species (4 and 5) formed by abstraction of the halide.

H

'C.J.E. Davies, M. K. Whittlesey et al, Chem. Commun., 2010, 46, 5151-5153.
2R.C. Poulten, M. K. Whittlesey et al, Chem. Eur. J., 2013, 19, 2158-2167
R.C. Poulten, M K. Whittlesey et al, J. Am. Chem. Soc., 2013, 135, 13640-13643.
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Metalloporphyrins as active N-heterocyclic carbene (NHC) transfer

reagents

Bryan Hogan, Martin Albrecht
University College Dublin, Belfield, Dublin 4

Bryan.hogan.l @ucdconnect.ie.

With the growing relevance of NHCs as ligands in transition metal catalysis, the development
of new synthetic methods for NHC complex formation has become increasingly important in
recent years.! An often-used method involves transmetallation of Ag-NHC complexes or
related precursors.” However, these carbene transfer methods lack for tunability of the carbene

transfer reagent.

We have discovered porphyrin Co(IIl) complexes which contain a labile NHC ligand and
which therefore show activity as carbene transfer agents. Modification of the porphyrin ligand
and the NHC substituents affects the transfer ability of these porphyrin NHC hybrid systems
and induces significant electronic and structural changes at the metal center. This
understanding has allowed us to develop optimised conditions and an efficient method of N-
heterocyclic carbene ligand transfer to various transition metal centers such a ruthenium(Il),

copper(l), iridium(I), and rhodium(I).
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Soleilhavoupand, G. Bertrand, Angew. Chem. Int. Ed., 2010, 49, 8810-8849.
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Optimisation of a lithium magnesiate for use in the non-cryogenic

asymmetric deprotonation of prochiral ketones

Javier Francos, Silvia Zaragoza-Calero and Charles T. O’Hara*

WestCHEM, Department of Pure and Applied Chemistry, University of Strathclyde
295 Cathedral Street, Glasgow, G1 1XL, Scotland, UK

email: javier francos@strath.ac.uk

One of the most fundamentally important reactions in modern day synthesis is metallation,
which is the replacement of a relatively unreactive C—H bond with a more reactive (more
useful) C—metal one.! Over the past 60 years, the reagents of choice to carry out such
reactions have generally been from the organolithium family, primarily due to their high
Brgnsted basicity. Unfortunately, most common deprotonations (and particularly
enantioselective reactions) employing lithium reagents are carried out employing cryogenic
temperatures (often lower than —78°C). This requirement implies an expend of over £250k
per annum per batch tonne process, for a process carried out at —40°C.? One priority in
modern day synthesis is to provide solutions to this problem by designing new metallating
reagents that are capable of producing excellent results akin to their lithium counterparts but
at temperatures closer to ambient. One strategy which can be employed to enable these
reactions to be successful at ambient temperatures involves the employment of bimetallic
organometallic reagents [a combination of an alkali metal and a second metal complexes
(normally magnesium or zinc)], avoiding undesirable side-reactions with common functional
groups and can even also perform chemistry unobtainable by the monometallic reagents on
their own.?

In this talk, our work detailing the utilisation of lithium magnesiates for the deprotonation of
conformationally locked 4-substituted cyclohexanones at ambient temperature will be
detailed. The levels of enantioselectivity and conversion are significantly enhanced when

compared with the values obtained using the respective monometallic amides at ambient

temperature.*

! Schlosser, M., Organometallics in Synthesis, ed. M. Schlosser, Wiley, Chichester, UK, 2002.

2 Bennie, L. S.; Kerr, W. J.; Middleditch, M.; Watson, A. J. B.; Chem. Commun., 2011, 47, 2264-2266.

3 (a) Mulvey, R. E.; Organometallics 2006, 25, 1060-1075. (b) Mulvey, R. E.; Mongin, F.; Uchiyama Y .; Kondo
Y.; Angew. Chem. Int. Ed., 2007, 46, 3802-3824. (c) Mulvey, R. E.; Acc. Chem. Res., 2009, 42, 743-755.

4 Francos, J.; Zaragoza-Calero, S.; O’Hara, C. T.; Dalton Trans., 2014, 43, 1408-1412.
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Towards The Selective Fuctionalisation of Pentadienylsilanes
Benjamin M. Day, Jonathan Clayden and Richard A. Layfield
School of Chemistry, The University of Manchester, Oxford Road, Manchester, M13 9PL

The coordination chemistry of pentadienyl ligands with main group metals remains relatively
unexplored in comparison to that of the transition metals' and despite the ubiquitous use of s-
block pentadienyl reagents in the formation transition metal complexes, structurally
characterised examples are rare.” This is surprising given that related z-delocalised carbanions
such as cyclopentadienyl and allyl are well known for their diverse structures and reactivity.

S-block allyl complexes have found widespread use in organic synthesis however analogous
pentadienyl chemistry is much rarer. This is likely due in part to the complex structure-
reactivity manifold displayed by the carbanion. Pentadienyl anions can adopt one of three
different conformations, namely W, S, and U, each of which can potentially react with
electrophiles at one of three different sites, the a-, y- and e-carbons (Figure 1). This leads to
complications with regio- and stereoselectivity.
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Figure 1

The work presented here explores the coordination chemistry of main group pentadienyl
complexes containing donor functionalised silyl groups subsequent reactions with
electrophiles.*

Figure 2
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Atom-efficient group 2-mediated cascade assembly of complex heterocycles

M. Arrowsmith, W. M. S. Shepherd, D. J. Liptrot, M. S. Hill, G. Kociok-K&hn, M. F. Mahon

Department of Chemistry, University of Bath, Bath, UK; m.arrowsmith@bath.ac.uk

The last decade has seen the rapid expansion of group 2-catalysed transformations, from
multiple bond heterofunctionalisation to dehydrocoupling via polymerisation reactions.' The
vast majority of research in this area has focused on the intramolecular hydroamination of
aminoalkenes to yield simple aza-heterocycles. The synthesis of more complex heterocycles
of potential biological relevance using well-documented alkaline earth-mediated reactivity is

therefore of considerable interest.
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On this subject we recently reported the atom-efficient, multicomponent, diastereoselective
cascade assembly of bis(imidazolidin-2,4-diones) from isocyanates and phenylacetylene using
a stoichiometric amount of commercial Mg(nBu)z.2
This cascade-type reactivity, based on cumulene
insertion and intramolecular hydroamination
pathways has now been extended to the catalytic
stepwise synthesis of a wide variety of 4-
(phenylethylidene)-5-iminoimidazolidin-2-ones
and their thione analogues using the simple group
2 amides precursors [M{N(SiMe;),}.(THF),] (M
= Mg, Ca, Sr).
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Ring-opening reactions of silicon-bridged [1]ferrocenophanes bearing

bulky substituents

Rebecca A. Musgrave, Andrew D. Russell and Ian Manners

School of Chemistry, University of Bristol, Bristol, BS8 1TS, UK.

Ferrocenophanes and related metallocenophanes make up the broadest class of strained metal-
containing rings and have attracted substantial attention in recent years, particularly as a result
of their propensity to undergo ring-opening polymerisation (ROP) to yield metal-containing
polymers.' Sila[1]ferrocenophanes with bulky substiutents such as 1 (Figure 1) are of interest
as precursors to reactive ring-opened species such as silyl cations,” and polyferrocenylsilanes
with controlled tacticity. In this presentation interesting recent results in both areas will be

discussed.

Figure 1. Structure of a Si(SiMe3); substituted sila[1]ferrocenophane (1).

1. Bellas, V.; Rehahn, M., Angew. Chem. Int. Ed., 2007, 46 (27), 5082-5104.
2. a) Musgrave, R. A.; Manners, 1., Unpublished Results; b) Miither, K.; Frohlich, R.; Miick-
Lichtenfeld, C.; Grimme, S.; Oestreich, M., J. Am. Chem. Soc., 2011, 133 (32), 12442-12444.
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Chemical reactivity of group 14 [E9]4_ & 15 [E';]* Zintl ions
G. Espinoza Quintero, J. C. A. Duckworth, W. K. Myers, J. E. McGrady and J. M.

Goicoechea

Department of Chemistry, Chemistry Research Laboratory, University of Oxford,
Mansfield Road, Oxford OX1 3TA
gabriela.espinozaquintero@chem.ox.ac .uk

The coordination chemistry of group 14 and 15 Zintl ions has been extensively studied
over the last twenty years.!"! These Zintl ions can be accesed in solution by extraction of
binary alloys of the alkali metals and p-block elements into polar non-protic solvents

such as ethylenediamine.

Recent studies by our research group have investigated
reactions between ethylenediamine solutions of K4Geg and
[Ru(COD)(n*-CH,C(CH3)CH,),] vyielding the novel cluster
anion [Ru@Ge.],*! or [Co(mes)a(PPhEL),] resulting in the —Yigure L [Ru@Geyo]”.

isolation of the non-spherical species [Co,(@Ge 6™

Currently, we are studying reactions between pyridine solutions of [E’;]>” (E' = P and
As) and different stoichiometries of VCp,. Reactions with 0.7 equivalents of VCp, yield
the sandwich complexes [E’sVCp]" (E'=P, x = 1; E' = As, x = 1, 2), whereas with 2.5
equivalents the products are the triple-decker compounds [AssV,Cpz] and [PcV2Cpa] .
These novel species have been studied by X-ray crystallography, EPR spectrometry,
ESI-MS mass-spectrometry and DFT calculations.

Figure 1: [P¢V,Cp,] Figure 2: [AssV,Cp,]™
References
[1] (a) S. Scharfe, F. Kraus, S. Stegmaier, T. F. Fassler, Angew. Chem., Int. Ed., 2012, 48, 3630.
[2] Espinoza-Quintero, G.; Duckworth, J. A. C.; Myers, W. K.; McGrady, J. E.; Goicoechea, J. M. J.
Am. Chem. Soc., 2014, 136(4), 1210-1213.
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Outer-sphere hydrogen-bond buttressing to control the strength of phenolic

pyrazole metal extractants.
Mary R. Healyl, Violina A. Cocaliaz, Euan Doidgel, Adam Fleishmannz, Jason B. Love!,
Carole A. Morrisonl, James W. Roebuckl, Thomas Sassiz, Peter A. Tasker!

'EaStCHEM School of Chemistry, University of Edinburgh, Edinburgh, EH9 EJJ, UK. Cytec

Industries Inc., W. Main Street, Stamford, Connecticut 06902, United States

We have shown previously that substitution ortho to the OH group in phenolic oxime
extractants of the types used in commercial recovery of 25% of the world’s copper has a
major influence on intramolecular H-bonding and extractant strength.[1] Phenolic pyrazoles
have similar H-bonding motifs (below) and the effect of 3-X substitution on their strength as
copper extractants has been studied by comparing the calculated energies of formation of the
Cu-complexes in the gas phase with results from solvent extraction experiments. X-groups
with H-bond acceptor properties could buttress the H-bonding between two ligands and
variations of the groups’ electron withdrawing/donating properties should also affect the pK,
of the pro-ligand and copper-ligand bond strengths. A comparison of the experimentally
observed extractant strengths with calculated energy-minimised structures and the calculated
energies of deprotonation and of formation of the copper complexes suggests that the
dominant effect of X is on H-bond buttressing.

X

SN-H SN-H
—N =N 0
H HH
Y o Y o |
H-N
X X"

Inter-ligand H-bonding showing buttressing by 3-X substitution
Reference

[1] R.S. Forgan et al., Inorganic Chemistry, 2011, 50,4515-4522
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Redox switching of single molecule junction conductance using
[Co(pyterpy)2]2+ and related complexes (pyterpy = 4'-(pyridin-4-yl)-
2,2':6',2"-terpyridine).

Sarah Chappell, Carly Brooke, Simon J. Higgins and Richard J. Nichols

Department of Chemistry, University of Liverpool, Grove Street, Liverpool L69 72D, U.K.

Molecules that undergo a switch in their electrical properties as a result of a reversible
external stimulus (e.g. redox reaction, photoisomerisation, magnetic field) are of considerable
interest in molecular electronics. We previously showed that organic redox groups (4,4’-
bipyridinium, pyrrolotetrathiafulvalene) could be incorporated into metal | single molecule |
metal junctions,'” and we showed that they underwent structure-dependent changes in
junction conductance upon redox switching. We have begun to extend these studies to
completely conjugated, rigid redox-active metal complexes using the ligand 4'-(pyridin-4-yl)-
2,2":6' 2"-terpyridine (pyterpy), previously used by Constable et al. as ‘extended viologens’.*
This talk will describe the conductance behavior of the Co(Il) complex as a function of redox

potential, and compare this with the organic redox systems.

References

1 Haiss, W. et al. Redox state dependence of single molecule conductivity. J. Am. Chem.
Soc. 125, 15294-15295 (2003).

2 Leary, E. et al. Structure-property relationships in redox-gated single molecule

junctions — A comparison of pyrrolo-tetrathiafulvalene and viologen redox groups. J.
Am. Chem. Soc. 130, 12204-12205 (2008).

3 Kay, N. J. et al. Single-molecule electrochemical gating in ionic liquids. J. Am. Chem.
Soc. 134, 16817-16826 (2012).

4 Constable, E. C. & Thompson, A. Pendant-functionalized ligands for
metallosupramolecular assemblies - ruthenium(II) and osmium(II) complexes of 4'-(4-
pyridyl)-2,2'/6',2"-terpyridine. J. Chem. Soc. Dalton Trans., 1409-1418 (1994).
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[C0W12040]6': A Long-Lived Metal-to-Polyoxometalate Charge Transfer

Chromophore

John FieldenJ"T, Elliot N. Glass', Alexey L. Kaledini, Djamaladdin G. Musaev®, Tianquan Lian® and
Craig L. Hill'

“School of Chemistry, University of East Anglia, Norwich, NR4 7TJ, UK.

TDepartment of Chemistry, Emory University, Atlanta, GA 30322, USA.

*Cherry L. Emerson Center for Scientific Computation, Emory University, Atlanta, GA 30322,
USA.

Chromophoric heterobimetallic groups supported on mesoporous substrates FE %

are promising alternatives to metal oxide semiconductors, and hv

organic/metallo-organic chromophores in photocatalytic solar fuel

production.! We are seeking molecular analogues of these metal-to-metal

J v
_ , , i co>=wV'eT
charge transfer (MMCT) systems, which combine robustness with the ALy W8 -

tuneability of organic chromophores. Polyoxometalates (POMs) are excellent candidates because they
are oxidatively and thermally stable and can incorporate multiple heterometals. The heterometals can
participate in metal-to-polyoxometalate charge transfer (MPCT) transitions,” but the photophysical
behaviour of such compounds is still little explored. We have studied the excited state dynamics and
electronic structure of a family of cobalt-containing Keggin POMs, comprising Co centred
[Co"W1,04]% (1) and [Co""W,04]> (2), Si-centred, Co-substituted [SiCo"(H,0)W,03]% (3) and
[SiCo"™(H,0)W,,039]” (4), and the dicobalt anion [Co',(H,0)W,;035]* (5). Anion 1, based on a
centrally located tetrahedral Co" atom, undergoes a Co'"-to-polytungstate charge transfer upon 400 nm
excitation, and at 1.7 ns has a far longer lived excited state than any POM MPCT chromophore studied
so far. However, anion 2, where an octahedral Co" is substituted into the tungstate skeleton, shows a
charge transfer lifetime of only 1.3 ps. An intermediate lifetime (150 ps) is seen for the dicobalt
species 5, and short lived, non-CT excited states for the Co"' systems 2 and 4. The long-lifetime of 1
has been rationalized based on the increased ground-to-excited state structural change permitted by the

central site, and a putative valence trapped intermediate.

1. W. Lin and H. Frei, J. Am. Chem. Soc. 2005, 127, 1610; T. Takashima, A. Yamaguchi, K.
Hashimoto, R. Nakamura, Chem. Commun. 2012, 48, 2964.

2. C. Zhao, Z. Huang, W. Rogdriguez-Cordoba, C. S. Kambara, K. P. O’Halloran, K. 1.
Hardcastle, D. G. Musaev, T. Lian and C. L. Hill, J. Am. Chem. Soc. 2011, 133, 20134.

3. E. N. Glass, J. Fielden, A. L. Kaledin, D. G. Musaev, T. Lian and C. L. Hill, Chem. Eur. J.
2014, in press.
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DYE-SENSITIZED NiO PHOTOCATHODES FOR SOLAR DEVICES

Charlotte A. Clark, Jean-Francois Lefebvre, Christopher Wood, Gareth Summers,
Calum McGregor, Grace Lowe, Jonathan Hunter and Elizabeth A. Gibson.
School of Chemistry, University of Nottingham, Nottingham, NG7 2RD, United Kingdom.

Email: Charlotte.Clark@nottingham.ac.uk

Efficient dye-sensitized photocathodes offer new opportunities for converting sunlight to
storable energy cheaply, sustainably and more efficiently.! We are developing dye-sensitized
NiO cathodes both for use in dye sensitized solar cells (DSSCs) and for the photo-reduction
of protons or water to hydrogen. Tandem DSSCs are a promising modification to existing n-
type cells. In these cells a dye sensitized photocathode is used in place of the passive counter
electrode, enabling the absorption of a broader range of photons. For the reduction of water
several homogenous catalysts have been reported in the literature that utilise a Co-metal
centre.’ We are combining the lessons we have learnt regarding the kinetic and
thermodynamic limitations to producing photocurrent and our understanding of photocatalysis
in solution to the more challenging problem of using a heterogeneous semiconductor-catalyst
system for the splitting of water in which the catalyst is adsorbed onto NiO.

We will report recent results from our investigations into:

- Dynamics of charge transfer in DSSCs. We have used a combination of techniques
including photoelectrochemical measurements, DFT calculations and ultrafast
Transient Absorption (TA) and Time-Resolved Infrared (TRIR) spectroscopies.’

- Splitting of water using Co catalysts. The evolved products are able to be continuously
detected by our automated GC rig that utilises an in-flow approach.

1. L. Li, L. Duan, F. Wen, C. Li, M. Wang, A. Hagfeldt and L. Sun, Chem. Commun.,
2012, 48, 988-990.

2. V. Artero and M. Fontecave, Chem. Soc. Rev., 2013, 42, 2338-2356.

3. J.-F. Lefebvre, X.-Z. Sun, J. A. Calladine, M. W. George and E. A. Gibson, Chem.
Commun., 2014, DOI: 10.1039/c1033cc46133e.
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Mechanism of Substrate and Oxidant Activation by
Ru'"(edta) in Mosaics of Homogeneous Catalysis

Debabrata Chatterjee

Chemistry & Biomimetics Group,

CSIR-Central Mechanical Engineering Research Institute, M.G. Avenue,
Durgapur-713209, West Bengal

E-mail: dchat57 @hotmail .com

Ru-edta complexes have been extensively studied over the years because they enjoy a
combination of unique properties: (a) the number of stable and accessible oxidation states they
posses and (b) high lability towards aqua substitution reactions that affords a straight forward
synthesis of mixed ligand complexes that has allowed to explore a wide variety of areas
including catalysis and bioinorganic applications.' In this lecture some recent results of the
mechanistic studies achieved by the application of fast kinetic techniques to the reactions of
[Ru"'(edta)(H,0)] with different oxidants containing an O-O bond that lead to the formation of
various catalytically active intermediate species viz. [Ru'"'(edta)(OOH)]*, [Ru'"(edta)(OH)] and
[Ru"(edta)(O)] are presented, and their effectiveness towards the oxidation of some compounds
of biological significance are highlighted.>” Furthermore, various mechanistic aspects of the
oxidation of organic substrates catalyzed by the Ru-edta complexes are also covered in this
talk.”” The purpose of this talk is to shed light on the detailed mechanistic understanding of
Ru(edta) catalyst system for the oxidation of biologically important substrates by H,O,. Our
results may shed light towards mechanistic understanding of the important biological redox
processes carried out by heme oxygenases, such as cytochrome P450, cytochrome c oxidase,
peroxidases and catalases, using hydrogen peroxide.

References

[1]  D. Chatterjee, Rudi van Eldik, Adv. Inorg. Chem. 2012, 64, 183-217.

. Chatterjee, K. A. Nayak, E. Ember and Rudi van Eldik. Dalton Trans. 2010, 39, 1695-1698.

. Chatterjee, E. Ember, U. Pal, S. Ghosh, Rudi van Eldik, Dalton Trans. 2011, 40, 10997-11004.

. Chatterjee, S. Rothbart, Rudi van Eldik, Dalton Trans. 2013, 42, 4725-4729.

. Chatterjee, S. Rothbart, Rudi van Eldik, RSC Adv. 2013, 3, 3606-3610.

. Chatterjee, B. Pal and R. Mukherjee, Dalton Trans. 2013, 42, 10056-10060.
. Chatterjee, B. Pal and R. Mukherjee, Rudi van Eldik, Dalton Trans. 2013, 42, 10056-10060.
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METAL COMPLEXES AS POTENTIAL ANTI-CANCER AGENTS

Rianne M. Lord,' Roger M. Phillips,2 and Patrick C. McGowan'

1University of Leeds, Leeds, UK
*Institute of Cancer Therapeutics, University of Bradford, Bradford, UK
email address: cm06rml@leeds.ac.uk

The reducing nature of hypoxic cancer cells means the drugs can potentially be
administered in a less active form and reduced in vivo potentially increasing the activity." 2
This project builds on previous work and presents a series of novel ruthenium(Il) arene
complexes primarily incorporating S-ketoiminate ligands (1).** Comparisons have also been
made with the ruthenium f-diketonate complex (2) and their iridium(III) Cp* analogues (3
and 4).> % The data presented will include cell line results against a range of carcinomas, with
selected compounds tested under both normoxic and hypoxic conditions. Trends will be
discussed using hydrolysis studies, the relative hydrophobicities, the degree of single and
double strand DNA damage using the Comet Assay, apoptosis studies using flow cytometry
and finally thioredoxin reductase inhibition. Results show the (N,0-) complexes have the

highest activities and the most potential as an anti-cancer agent.

1. C. G. Hartinger and P. J. Dyson, Chem. Soc. Rev, 2009, 38, 391-401.

2. L. Ronconi and P. J. Sadler, Coord. Chem. Rev, 2007, 251, 1633-1648.

3. K. D. Camm, A. El-Sokkary, A. L. Gott, P. G. Stockley, T. Belyaeva and P. C. McGowan, Dalton Trans., 2009, 48,
10914-10925.

4. S. H. van Rijt, A. J. Hebden, T. Amaresekera, R. J. Deeth, G. J. Clarkson, S. Parsons, P. C. McGowan and P. J.
Sadler, J. Med. Chem., 2009, 52, 7753-7764.

5. R. Fernandez, M. Melchart, A. Habtemariam, S. Parsons and P. J. Sadler, Chem. Eur. J., 2004, 10, 5173-5179.

6. S. J. Lucas, R. M. Lord, R. L. Wilson, R. M. Phillips, V. Sridharan and P. C. McGowan, Dalton Trans., 2012, 41,

13800-13802.
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Multi-targeted organometallic anticancer complexes with redox

mechanisms of action

Isolda Romero-Canelon and Peter J. Sadler

Department of Chemistry, University of Warwick, Gibbet Hill Road, Coventry CV4 7AL, UK.

I.Romero@ Warwick.ac.uk

Cisplatin (CDDP) and its derivatives carboplatin and oxaliplatin are now the most widely
used anticancer drugs (>50 % of chemotherapeutic regimes). Their antineoplastic properties
rely on interactions with DNA, which in turn activate apoptosis. DNA-targeting for cancer
treatment results in a low selectivity approach with consequent side effects and a high
incidence of resistance. New generations of metal chemotherapeutics are urgently needed to
combat resistance, reduce side-effects and expand the range of treatable cancers. Recent work
has demonstrated that organometallic complexes offer this potential.'

Chemically tailored ruthenium-, osmium- and iridium-based compounds can outperform
CDDP, and most importantly, can exert their activity through non-DNA mechanisms of
action (MoAs). Organometallic piano-stool complexes, can target mitochondrial pathways
and induce redox effects as part of their MoA.? Iridium complexes have the unprecedented
ability to generate H,O, by catalytic hydride transfer and to produce superoxide in ovarian
cancer cells.’ Interestingly, the use of low non-toxic doses of the redox modulator L-
buthionine sulfoximine can potentiate the activity of ruthenium/osmium and iridium
compounds by up to a 16-fold.! Co-administration of such modulators opens a ground-
breaking possibility of combination therapy for metal-based complexes which has so far been
reserved for classical organic drugs. In addition to developing novel therapies for parental
cancers, we aim to show that such manipulation of the levels of reactive oxygen species
(ROS) may also provide a highly effective strategy for treating CDDP-resistant cancers.
References: ' 1. Romero-Canelon, P.J. Sadler, Inorg. Chem., 2013, 52, 12276-12291. L.
Romero-Canelon, et al, J. Med. Chem, 2013, 56, 1291-1300.3(3) Z. Liu, et al, Angew. Chem.
Int. Ed., 2014, DOI: 10.1002/anie.201311161(b) J. M. Hearn, et al, ACS Chem. Biol., 2013, 8,
1335-1343.
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Triplex helicates; asymmetric self-assembly of potent, selective anticancer

compounds

Rebecca A. Kaner, Alan D. Faulkner, Suzanne E. Howson, Peter Scott

Dept. of Chemistry, University of Warwick, CV4 7AL, r.a .kaner @warwick.ac .uk

A //\B/B/A Protein a-helices in nature are key in many interations;

(a)\@f&

\@ however as therapeutic agents they tend to display poor
A

A/AMB B/AMA’ pharmacokinetics and so synthetic mimics are being
/0/ b | developed.” Bis(bidentate) ligands (AB-BA) can be self-

\@ ’B \@ N assembled over a metal scaffold to form helicates® (a)
C/AM which are of an appropriate size shape and charge, and
/B/ Al some examples bind to biomolecules,” but they rarely

\@ _B \@ contain functional groups, form as a racemic mixture
c/ D~

which is hard to separate and have high symmetry.’

Recently we have developed a new system known as Flexicates, which do not rely on
the helication principle. These highly symmetric compounds form in an optically pure manner,
are water stable, easily functionalised and have shown great potential as both antimicrobial’
and anticancer agents,” with the exact nature of the activity observed dependant on the
structure of the ligand.

If however directional ligands (AB—CD) are employed, Head-to-Head-to-Head
[HHH] and Head-to-Head-to-Tail [HHT] configurations are possible.’” We have recently
reported a new [HHH] system which assembles C;-symmetric homohelical heterobimetallic
helicates (b) using a chiral directional ligand.'"® Broadly speaking selective self-assembly,
such as that required to make the optically pure C;-symmetric [HHT] helicate, presents a
great challenge for (metallo)supramolecular chemistry.

Most excitingly we have devised functional C-symmetric [HHT] triplex helicates (c)
using a second carefully designed directional ligand. Triplex helicates are found to show
exceptional selectivity and activity as anticancer agents, with some very interesting leads to

possible modes of action.

1. R. E. Moellering et al., Nature, 2009, 462, 182-188. 6. S. E. Howson and P. Scott, Dalton Trans., 2011, 40,
2 H. Yin and A. D. Hamilton, Angew. Chem. Int. Ed., 10268-10277.
2005,44, 4130-4163.
3. J.M. Lehn, Proc. Natl. Acad. Sci. US.A., 1987, 84,
2565-2569. M. Albrecht, Chem. Rev., 2001, 101, 3457-3498.
4. M. J. Hannon, Chem. Soc. Rev., 2007, 36, 280-295. 0. S. E.Howson, et. al., Dalton Trans., 2013,42, 14967-
5. M. Albrecht, Chem. Eur. J., 2000, 6, 3485-3489. 14981.

S. E. Howson, et al., Nat. Chem., 2012, 4, 31-36.
V. Brabec, et al., Chem. Sci., 2013, 4, 4407-4416.
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Triphenylphosphonium-conjugated gold nanoparticles: potential

nanocarriers for mitochondria-targeted therapeutics.

Neil Bricklebank

Biomedical Research Centre, Sheffield Hallam University, City Campus,
Sheffield SI IWB, UK. E-mail: n.bricklebank@ shu.ac.uk

Mitochondria dysfunction is associated with a number of diseases ranging from
neurodegenerative disorders, such as Alzheimer's and Parkinson's disease, to diabetes and
cancer, and there is increasing awareness of the importance of targeting drugs to this
organelle. Lipophilic cations, especially phosphonium species, have been found to be
extremely valuable for mitochondria-targeted therapeutics and diagnostics.

We hypothesise that attachment of phosphonium compounds to the surface of gold
nanoparticles (AuNPs) would facilitate the absorption of the nanoparticles by cells. With this
goal in mind we have synthesised of a series of phosphonioalkylthiosulfate zwitterions and
o-thioacetylalkylphosphonium salts that behave as masked thiolate ligands, in which the
thiolate group is ‘protected’ as a thiosulfate or thioacetate group, respectively. Upon contact
with gold surfaces, cleavage of the sulfur—sulfur or sulfur-carbon bonds in the thiosulfate and
thioacetate species generates thiolate anions in situ leading to water-soluble, cationic,
phosphonium-functionalised AuNPs.

The phosphonioalkylthiolate ligands and associated AuNPs have been characterised using
X-ray crystallography, XPS, LDI-ToF-MS and *'P NMR spectroscopy. Transmission
Electron Microscopy (TEM) revealed the formation of spherical particles with diameters in
the range 3 — 5 nm. Furthermore, TEM investigations show that the triphenylphosphonium-

conjugated AuNPs are readily taken-up by the mitochondria of PC3 prostate cancer cells.
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Copper-Containing Lytic Polysaccharide Monooxygenases: A New Face for

Biomass Breakdown

Glyn R Hemsworth, Rebecca C Gregory, Gideon J Davies, Paul H Walton
Department of Chemistry, University of York, Heslington, YORK, YO10 5DD.

paul.walton@york.ac.uk

Biopolymers such as cellulose, chitin and diverse marine polysaccharides are widespread and
abundant. They offer the potential to become the primary feedstocks in the production of
biofuels and/or sustainable commodities. Notwithstanding this potential however, the
chemical and mechanical resistance of these biopolymers constrains their commercial
viability to a significant extent. In this regard the recent discovery of a class of enzymes now
known as lytic polysaccharide mono-oxygenases (LPMOs) is a breakthrough. Using an
oxidative mechanism LPMOs are capable of potentiating the crystalline surfaces of
polysaccharides such that they are then tractable to conversion through to sugars and
bioethanol. In other words, they allow cellulose to be fermented.Our discovery of LPMOs
and their novel copper active site will be described,'” particularly the genomic discovery of
LPMOs and their structural and spectroscopic properties (EPR and XANES).’

LPMOs have a copper active site that is located near
the centre of an extended flat face, where the face is
presumed to interact with the crystalline surface of the
substrate (Fig. a). X-ray crystallographic structural
details of the Cu-active site were first fully shown in a
cellulose-active fungal LPMO from Thermoascus
aurantiacus in which a single copper ion is chelated by
two nitrogen atoms of the N-terminal histidine (through
the NH, terminus and an N-atom of the side chain) and
a further nitrogen atom of another histidine side chain
in an overall T-shaped N3 configuration coined as the
histidine brace (Fig. b). This active site occurs only in
one other known enzyme, particulate copper methane-
monooxygenase, which carries out the oxidation of
methane. The copper histidine brace structure is
therefore unusual insofar as it appears in enzymes
which carry out oxidations with very high activation
barriers. The potential reasons for this will also be
discussed.’

[1] Nature Chem. Biol., 2014, 10, 122-126.

[2] Proc. Nat. Acad. Sci., 2011, 15079-15084.
[3]J. Am. Chem. Soc., 2013, 135(16), 6069-6077.
[4] Curr. Opin. Struct. Biol., 2013, 23(5), 660-668.
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Activation of Alkynes with B(C¢Fs);: Intramolecular cyclisation reactions
and rearrangements.

Rebecca L. Melen™” and Douglas W. Stephan®

“Department of Chemistry, University of Toronto, 80 St. George Street, Toronto, ON, M5S 3H6,
Canada.

”Anorganisch—Chemisches Institut, Ruprecht-Karls Universitdit Heidelberg, Im Neuenheimer Feld 270,
69121 Heidelberg, Germany.

Contact: rebecca.melen@ cantab.net

The strong Lewis acid B(C¢Fs); has found extensive applications in organic and
organometallic chemistry. In recent years, B(C¢Fs); has been employed as the Lewis acid
component in frustrated Lewis pair (FLP) chemistry.l Here we discuss the use of B(C¢Fs); to
promote intramolecular cyclisation reactions of propargyl amides to generate oxazole (II)

heterocycles (Figure 1.2

®
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Figure 1. Cyclisation of propargyl amides to oxazoles.

The initial activation of the alkyne mn-bond in propargyl esters also permitted us to uncover a
novel synthetic route to functionalised allyl-boron compounds which we have subsequently
utilised as allylation reagents with aldehydes, opening a new route to highly functionalised

- 3
organic compounds.
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(e) D. W. Stephan, Org. Biomol. Chem., 2012, 10, 5740; (f) R. L. Melen, Chem. Commun., 2014,
50, 1161.
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Bond activation and CO, fixation employing an iridium' hydroxide

Byron J. Truscott, David J. Nelson, Cristina Lujan, Alexandra M. Z. Slawin and Steven P. Nolan*

" EaStCHEM, School of Chemistry, University of St Andrews, Purdie Building,
North Haugh, St Andrews, Fife KY16 9ST (UK)

General methods are reported for the preparation of a family of [Ir(cod)(NHC)(OH)]
complexes (cod = 1,5-cyclooctadiene, NHC = N-heterocyclic carbene). The Ir-
hydroxide motif is shown to be a valuable synthon for bond activation and its
activity towards various organic substrates has been explored. The Ir-hydroxide is
able to deprotonate N-H, O-H and C-H bonds to afford valuable organometallic
species.
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R-H fNYN H-OH

H-OH N H-OH

N
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O-H |/ N R

RN-H,

Furthermore, the reactivity of a number of Ir' complexes towards CO; is explored
using [Ir(cod)(NHC)(OH)] as a key synthon. CO; insertion into Ir-O and Ir-N bonds
proved facile, yielding a number of Ir'-carbonates and -carbamates. Most
importantly, reaction between CO, and Ir'-hydroxide led to isolation of the novel
complex [{lrl}z-(U-K1IK2-CO3)] under very mild conditions.

Ny N
f Y co(tam) o..
N Ir-OH solid state, 2 mins x& Ir

1. Truscott, B J, Nelson D J, Lujan C, Slawin AM Z, Nolan S P, Chem. Eur. J. 2013,
19, 7904.

2. Truscott, B J, Nelson D J, Slawin A M Z, Nolan S P, Chem. Commun. 2014, 50,
286.
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Activation Reactions of Oxygen-Containing Organic Molecules by High
Valent Metal Halides of Groups 5-6

Marco Bortoluzzi,” Mohammad Hayatifar,b Fabio Marchetti,” Guido Pampaloni,b and Stefano

Zacchini ¢
“ Ca’ Foscari University of Venice, Dipartimento di Scienze Molecolari e Nanosistemi
Dorsoduro 2137, I-30123 Venezia, Italy.
bUniversity of Pisa, Dipartimento di Chimica e Chimica Industriale, Via Risorgimento 35, I-
56126 Pisa, Italy. E-mail: fabmar(@dcci.unipi.it. Webpage: http://www.dcci.unipi.it/~fabmar.
¢ University of Bologna, Dipartimento di Chimica Industriale “Toso Montanari”, Viale

Risorgimento 4, 1-40136 Bologna, Italy..

NbFs, NbCls and WClg are commercial non expensive compounds, which have found large
application as catalytic precursors in synthetic organic chemistry. However, the direct
interactions of such transition metal halides with stoichiometric amounts of organic reactants
has been limitedly explored. Our recent, systematic investigation on the chemistry of NbFs,
NbCls and WClg with oxygen donors has provided evidences of unusual features: 1) such
halides are capable of directing mild conditions transformations, which are not commonly
achieved by means of other transition metal compounds;' 2) NbXs™ (X = F, Cl) and WOCls™
are easily obtained and may allow the isolation of unstable organic cations.” Examples will be
provided with particular reference to natural a-aminoacids, such as L-proline (see Figure).3
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' (a) F. Marchetti, G. Pampaloni, Chem. Commun., 2012, 48, 635 (Feature Article); (b) S. Dolci, F.
Marchetti, G. Pampaloni, S. Zacchini, Dalton Trans., 2013, 42, 5635.

* F. Marchetti, G. Pampaloni, C. Pinzino, S. Zacchini, Angew. Chem. Int. Ed., 2010, 49, 5268.

> M. Bortoluzzi, F. Marchetti, M. G. Murrali, G. Pampaloni, S. Zacchini, manuscript in preparation.
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Covalency and bond strength in heavy element compounds from the

quantum theory of atoms in molecules
Nik Kaltsoyannis
Department of Chemistry, University College London, 20 Gordon Street, London WCI1H 0AJ.

Email: n.kaltsoyannis@ucl.ac.uk

The extent to which the lanthanides and actinides bond covalently to other elements is of
great fundamental interest and also of relevance to, for example, minor actinide partitioning
technologies in nuclear waste treatments. Quantum chemistry allows the detailed study of the
electronic structure of f element compounds, and provides many different methods for assessing
covalency, including partial atomic charges, orbital compositions and spin densities. None of
these analysis tools is ideal, however, in part because they are typically not rooted in physical
observables. By contrast, the quantum theory of atoms-in-molecules (QTAIM) approach of Bader
and co-workers [1] is based on topological analysis of the electron density, lending it a rigour
not always associated with other approaches. It can also offer significant insight into chemical
bonding.

In the last few years, we have employed the QTAIM extensively to analyse a variety of
lanthanide and actinide molecular electron densities [e.g. 2-6]. In this presentation [ will explore
some results from these studies, and in particular discuss the application of the QTAIM to the

strength of actinide-element bonds [7].

[1] R. W. F. Bader, Atoms in Molecules: A Quantum Theory, OUP (1990)

[2] S. M. Mansell et al., J. Am. Chem. Soc. 133 9036 (2011)

[3] D. M. Schnaars et al., Inorg. Chem. 51 8557 (2012)

[4] N. Kaltsoyannis, Inorg. Chem. 52 3407 (2013)

[5]]. L. Brown et al, J. Am. Chem. Soc. 135 5352 (2013)

[6] M. B. Jones et al., Chem. Sci. 4 1189 (2013)

[7] A. R. E. Mountain and N. Kaltsoyannis, Dalton Trans. 42 13477 (2013)
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New Insight into Heteroatom-Nanographenes and their Applications
Sylvia Draper
Trinity College Dublin, D2, Ireland. Email: smdraper @tcd..ie,

http://chemistry .tcd.ie/staff/people/sd/sylvia.html.

This paper describes the synthetic development of heteroatom-
9 polyaromatic materials and explores their properties in a journey from

soluble molecular graphenes to ligands and from opto-electronics to

o « upconversion. Opto-electronic and photovoltaic devices depend at a
. * fundamental level on the interconversion of light and electrical energy.
In optoelectronic devices, electrically injected charge-carrier species (electrons and holes)
generated in an organic semiconductor recombine to form localised excited states (excitons)
which emit light on relaxation. If the HOMO-LUMO gap is 1.5-3.2 eV then the emission is in
the visible region (A 380 — 780 nm) and ideally suited to efficient OLEDs. In photovoltaic
systems, excitons are generated on the absorption of light and it is the separation of these
species, driven by the attraction of electrons and holes to appropriately charged electrodes, that
gives rise to the electrical current. The strong synergies in the processes involved, translate to
the design features of the organic components in these two applications and there is growing
evidence to suggest a role for graphene-based materials.
This paper explores our investigations into the synthetic processes involved in developing
a range of N-doped graphenes. We have examined the effect of methoxy and alkyl and bromo
substitution on the oxidative cyclodehydrogenation of a series of heteroatom-doped
polyphenylenes such that the resulting systems differ in their degree of N-doping (2, 4 or 6
nitrogen atoms), the number and relative positions their subsitutents and the size of their
aromatic platforms. The consequences of these changes and the processes by which occur are
examined. They are found to influence CC bond formation on cyclodehydrogenation and the
photophysical, electrochemical and supramolecular properties of the resulting ligand materials.
In systems with the same comparative aromatic platform the combination of 4N atoms and 6 MeO
substituents gives rise to the smallest HOMO-LUMO gap (2.3V) Each system is highly fluorescent
with emission quantum yields as high as 53%, lifetimes in the ns region and significant
solvatochromism observed. Where MeO are present, there is a new inherent intermolecular order

and a marked preference for head-to-tail dimeric stacking in the solid-state.
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Band Gap Expansion, Phase Change Behaviour and Low-Voltage Induced

Crystal Oscillation in Low-Dimensional SnSe

J. Sloan,' R. Carter,” Mikhail Suyetin,3 M. A. Dyson,1 H. Trewhitt,’ Z. Liu,* K. Suenaga,4 C.
Giusca,” R. J. Kashtiban,' G. R. Bell,' E. Bichoutskaia’

! Department of Physics, University of Warwick, Coventry, Warwickshire, CV4 7AL, UK

? Department of Materials, University of Oxford, South Parks Road, Oxford, OX1 3PH, UK
ISchool of Chemistry, University of Nottingham, University Park, Nottingham, NG7 2RD, UK
‘Nanotube Research Center, National Institute of Advanced Industrial Science and
Technology (AIST), Higashi 1-1-1, Tsukuba, 305-8565, Japan

’National Physical Laboratory, Hampton Road, Teddington, TW11 OLW, UK.

j.sloan@warwick.ac.uk

In common with rocksalt-type alkali halide phases and also semiconductors such as GeTe and
SnTe, SnSe forms all-surface two atom-thick low dimensional crystals when encapsulated
within single walled nanotubes (SWNTs) with diameters below ~1.4 nm. Whereas previous
Density Functional Theory (DFT) studies indicate that optimised low-dimensional trigonal
HgTe changes from a semi-metal to a semi-conductor, low-dimensional SnSe crystals
typically undergo band-gap expansion. In slightly wider diameter SWNTs (~1.4-1.6 nm), we
observe that three atom thick low dimensional SnSe crystals undergo a previously unobserved
form of a shear inversion phase change resulting in two discrete strain states in a section of
curved nanotube. Under low-voltage (i.e. 80-100 kV) imaging conditions in a transmission
electron microscope, encapsulated SnSe crystals undergo longitudinal and rotational
oscillations, possibly as a result of the increase in the inelastic scattering cross-section of the

sample at those voltages.'

1. R. Carter, M. Suyetin, S. Lister, M. A. Dyson, H. Trewhitt, S. Goel, Z. Liu, K. Suenaga, C.
Giusca, R. J. Kashtiban, J. L. Hutchison, J. C. Dore, G. R. Bell, E. Bichoutskaia, J. Sloan,
Dalton Trans., 2014, accepted (DOI: 10.1039/C4DT00185K).
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CVD of Thermoelectric Materials from Single Molecule Precursors

Sophie L. Benjamin®, C. H. (Kees) de Groot’, Chitra Gurnani®, Andrew L. Hector’, Ruomeng

Huangb, Elena Koukharenkob, William Levason“ and Gillian Reid”

“Chemistry, University of Southampton, Southampton, SO17 1BJ, UK
PElectronics and Computer Science, University of Southampton, Southampton, SO17 1BJ, UK

Email: s.benjamin@soton.ac .uk

Solid state thermoelectric materials have the potential to provide clean and sustainable
sources of electrical power, by exploiting existing temperature gradients in a multitude of
everyday environments. The barrier to the widespread adoption of this technology is the low
thermoelectric efficiency of the current generation of materials.' Group 15 chalcogenides, in
particular Bi;Te; and its doped derivatives, are among the most promising of these materials
at lower temperatures. It has been demonstrated that nanostructuring materials can lead to a

large increase in their theoretical thermoelectric efficiencies.’

a. Film of Bi;Te; crystals lying flat in a micron-scale template; b. Single Bi,Te; crystals standing on end in a nano-scale template

We report a methodology for the deposition of individual nanocrystals of Bi,Tes; and Sb,Te;
by chemical vapour deposition (CVD). CVD is a low cost and scalable technique, though
often requires toxic gases as precursors. A safer and more convenient method is to use a
single molecular precursor which contains both the required elements. Synthetic pathways to
molecular CVD precursors for Group 15 chalcogenides were investigated. The unusual
bismuth telluroether complex [BiCl3(Te"Bu,);] and the organometallic species MeSb(Te"Bu),
were synthesised, characterised, and found to be excellent precursors for the CVD of high
purity BirTes; and Sb,Tes respectively. Thin films of these materials with highly preferred c-
axis orientation of the hexagonal crystallites were obtained. Using lithographically patterned
substrates, these films can be confined to micron-scale or nano-scale wells creating a
patterned array of the material; in wells of below 200 nm single crystals selectively deposit
into each well, with the opposite orientation to that observed in larger wells or thin films.

1. L. E. Bell, Science, 2008, 321, 1457-1461.
2. C.J. Vineis, A. Shakouri, A. Majumdar, M. G. Kanatzidis, Adv. Mater., 2010, 22, 3970-3980.


Jon Rourke
dalton2014                                                                            Wednesday 4.40 pm L4


dalton2014 Wednesday 4.00 pm L5

Bio- and Organometallic-Catalysis: Quest for the GRAIL.

Andrew C. Marr

QUILL, School of Chemistry and Chemical Engineering, Queen’s University Belfast, UK,
BT95AG. a.marr@qub.ac.uk

We are combining bio- and chemo-catalytic methods in order to convert biomass waste
into chemicals and fuels.'

The combination of whole cell biocatalysis and organometallic catalysis enables the
transformation of crude bio-renewable feeds into value added chemicals.>” Utilisation of the
glycerol by-product from biodiesel manufacture is an important factor in fuel cost. We have
shown that the combination of fermentation and hydrogen transfer catalysis can yield a range
of chemical products at mild conditions from crude glycerol.*” Task specific ionic liquids
facilitate the extraction of products from fermentation broths, and can be tuned to increase the
rate of desirable reactions. Ir(IIl) catalysts with NHC ligands give tunable activity coupled

with excellent stability and poison resitance.”

Crude OH

HO\)l\/OH

Clostridium butyricum

HO/\/\O /\/l\f ﬁ
(RNH,)
(@)
ionic liquids

1. FP7 EU project GRAIL http://cordis.europa.eu/projects/rcn/110949 _en.html

2. A.C.Marr and S. Liu, Trends Biotechnol. 2011, 29, 199 —204.

3. A.C.Marr, Catal. Sci. Technol., 2012, 2, 279 — 287.

4. S.F.Liu, M. Rebros, G. Stephens and A. C. Marr, Chem. Commun., 2009, 2308 — 2310.
5

6

S. D. Lacroix, A.Pennycook, S. F. Liu, T. T. Eisenhart and A. C. Marr, Catal. Sci. Technol., 2012, 2, 288 — 290.
C. L. Pollock, K.J. Fox, S.D. Lacroix, J. McDonagh, P. C. Marr, A. M. Nethercott, A. Pennycook, S.Qian, L.
Robinson, G. C. Saunders and A. C. Marr, Dalton Trans., 2012, 41, 13423 — 13428.
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Ruthenium hydrides pave the way to time-resolved NMR spectroscopy

Barbara Procacci, Meghan Halse, Olga Torres, Simon B. Duckett, Robin N. Perutz
Department of Chemistry, University of York, Heslington, York, YO10 5DD, UK

Pump-probe time-resolved techniques have allowed extremely fast chemical reactions to be
understood as illustrated by Zewail’s seminal studies of femtochemistry.! Whilst many probe-
methods have been successfully exploited, the nature of their data often provides limited
structurally diagnostic information. By contrast, time-resolved NMR spectroscopy could be a
powertful tool for providing extensive structural information in multiproduct processes.

Here, we report that the combination of laser pumping with synchronized NMR detection in
conjunction with para-H, induced polarization” allows nanomoles of product to be detected
on microsecond timescales. By the use of ruthenium dihydride complexes,” which
photochemically add p-H», we prepare the products in a hyperpolarized nuclear spin-state
which enhances the observed NMR signal. We then investigate the time-evolution of this
enhanced NMR signal as a function of the delay, 1, between the laser pump and NMR probe.
As a result, an oscillatory behaviour diagnostic of the products’ spin topology is observed and
the product distribution is readily differentiated by each compound’s unique frequency
response. In addition, our pump-probe system allows the distinction between thermal and
photochemical reactivity by chemical shift mapping. Furthermore, we can diversify secondary
reaction pathways as deriving from one-photon/two-ligands versus two-photon/two-ligands

loss mechanism.
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1 Zewail, A. H., Angew. Chem.-Int. Edit., 2000, 39, 2587-2631.
2 Duckett, S. B. & Mewis, R. E., Acc. Chem. Res., 2012, 45, 1247-1257.
3 Campian, M. V. et al.,J. Am. Chem. Soc., 2012, 134, 3480-3497.
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Ruthenium-catalysed dehydrogenation of methanol

Patrizia Lorusso®, Jacorien Coetzee?, Graham R. Eastham® and David J. Cole-Hamilton®

“EaStCHEM School of Chemistry, University of St Andrews, Purdie Building, St Andrews, Fife, KY16
98T, Scotland, UK. E-mail: pl22 @st-andrews.ac.uk

Lucite International Technology Centre, P.O. Box 90, Wilton, Middlesborough, Cleveland, , TS6 8JE,
England, UK.

The ALPHA technology is an innovating two-step process for the current large scale
production of methyl methacrylate (MMA), involving methoxycarbonylation of ethene to
methyl propanoate (MeP) followed by condensation with formaldehyde.' As an alternative
second step, we investigated the possibility of performing the one-pot a-methylenation of
methyl propanoate via catalytic dehydrogenation of methanol for the in situ production of

anhydrous formaldehyde.?

(0]
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We have reported that catalytic hydrogen production, together with the formation of
aldehydes, can be achieved from a wide range of alcoholic substrates using the
[RuH,(X)(PPhs);] catalyst (where X = N,, PPhs or H) in the presence of a base.” This
catalytic system is complicated by a number of side reactions including a decarbonylation
reaction of the formed formaldehyde which generates a carbonyl complexes such as
[RuH,(CO)(PPhs);] that we also reported to be active as a dehydrogenation catalyst.

In this presentation, we shall focus on the mechanism of dehydrogenation for
[RuH>(CO)(PPhs);] and especially on the experimental determination of kinetic isotope
effects (KIEs) for the dehydrogenation and decarbonylation reactions using

[RuH,(X)(PPhs);].*

[1] (a) Harris, B. Ingenia 2010, issue 45, 19-23; (b) Tooze, R. P.; Eastham, G. R.; Whiston, K.; Wang, X. L. WO 1996,
9619434.

[2]  Lorusso, P.; Coetzee, J.; Eastham, G. R.; Cole-Hamilton, D. J. Manuscript in preparation 2014.

[3] (a) Morton, D.; Cole-Hamilton, D. J. J. Chem. Soc., Chem. Commun. 1988, 17, 1154-6; (b) Morton, D.; Cole-
Hamilton, D. J.; Utuk, 1. D.; Paneque-Sosa, M.; Lopez-Poveda, M. J. Chem. Soc., Dalton Trans. 1989, 3, 489-95.

[4] Sieffert, N.; Réocreux, R.; Lorusso, P.; Cole-Hamilton, D. J.; Biihl, M. Chem.— Eur. J. 2014 ; DOI:
10.1002/chem.201303722.
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New Electrochemical Methods for Understanding Biological H, Catalysis.
Hope Adamson®, Alan M. Bond®, Lindsey Flanagan®, Richard A. Rothery®, Frank Sargent’,
Alison Parkin®

“ Department of Chemistry, University of York, York, UK; b School of Chemistry, Monash
University, Victoria 3800, Australia; © Department of Biochemistry, University of Alberta,
Alberta, Canada; d College of Life Sciences, University of Dundee, Dundee, UK

alison.parkin@york.ac.uk

Redox-metalloenzymes are extremely inspirational catalysts for developing renewable energy
technologies. Microbes produce highly efficient and active H, enzymes (hydrogenases) to
enable them to achieve photosynthetic hydrogen production or to use hydrogen as a fuel.
Rather than relying on Pt, hydrogenases contain earth-abundant transition metals at the H-
reaction centre so they are inspirational ‘green energy’ systems. Recent studies on both
[NiFe]-hydrogenase single site mutants'*! and [FeFe]-hydrogenase synthetic analogues'™
have highlighted the essential role that the iron-sulfur electron transfer relay plays in
controlling the chemistry at the bimetallic active site. We are developing a new alternating-

current electrochemical technique to provide a far more detailed insight into how the kinetics

and thermodynamics of electron transfer ultimately tunes enzyme active site chemistry."

Figure 1: Structure of Escherichia
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[1] Bowman, L.; Flanagan, L.; Fyfe, P. K.; Parkin, A.; Hunter, W. N.; Sargent, F. (2014) Biochem. J., 458, 449-
58.

[2] Volbeda, A.; Amara, P.; Darnault, C.; Mouesca, J.-M.; Parkin, A., Roessler, M.; Armstrong, F. A. Fontecilla-
Camps, J. C. (2012) PNAS, 109(14), 5304-5310.

[3] Berggren, G.; Adamska, A.; Lambertz, C.; Simmons, T. R.; Esselborn, J.; Atta, M.; Gambarelli, S.; Mouesca,
J. M.; Reijerse, E.; Lubitz, W.; Happe, T.; Artero, V.; Fontecave, M. (2013) Nature, 499(7456), 66-9.

[4] Stevenson, G. P.; Lee, C-Y.; Kennedy, G. F.; Parkin, A.; Baker, R. E.; Gillow, K.; Armstrong, F. A_;
Gavaghan, D. J.; Bond, A. M. (2012) Langmuir, 28(25), 9864-77.
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The importance of being consistent: Manganese oxidation states in

biological water oxidation
Dimitrios A. Pantazis
Max Planck Institute for Chemical Energy Conversion, Miilheim an der Ruhr, Germany.

dimitrios.pantazis@cec.mpg.de

A fundamental mechanistic question regarding the splitting of water by photosynthetic
organisms is what are the oxidation states of the four manganese ions that comprise the
inorganic MnsCaOs core of the oxygen-evolving complex and how do they change along the
catalytic cycle. Two competing paradigms are the so-called “high oxidation state scheme”,
where the Mn oxidation states are assumed to reach an all-IV configuration immediately prior
to the final O-O bond formation step, and the “low oxidation state scheme” that differs by a
total of two metal unpaired electrons, i.e. with Mn oxidation states of III, III, IV, IV in the
catalytic step before O, evolution. Which scheme is correct? Without a definitive answer to
this question, both the atomistic understanding of the mechanism of biological water
oxidation and the development of electronic design principles for synthetic manganese-based
water oxidizing catalysts will remain elusive.

We address this question through a comparison of the two oxidation state schemes using for
the first time a common structural and methodological approach: building upon the most
recent crystallographic information on photosystem II, models are constructed and examined
for every oxidation state assignment in the first four catalytic states of the oxygen evolving
complex. The models are evaluated using extensively benchmarked theoretical methods of
proven accuracy against unambiguous state-specific data from EXAFS and especially
EPR/ENDOR (ground spin states and *>Mn hyperfine coupling constants). The results
demonstrate that the phenomenology of the first four catalytic steps can be readily
accommodated within the high oxidation state scheme, by adopting a single structural motif
and protonation pattern that evolves smoothly within the catalytic cycle, satisfying all
experimental constraints and reproducing all spectroscopic observables. It is impossible to
achieve the same spectroscopic consistency with low oxidation state scheme models. The

result converge towards a radical-based mechanism for nature’s water oxidizing catalyst.
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Optimising SABRE: Applications with biologically-relevant substrates
Kate M. Appleby, Simon B. Duckett, Ian J. S. Fairlamb, Ryan E. Mewis, Alexandra M. Olaru

Centre for Hyperpolarisation in Magnetic Resonance, York Science Park, University of York,

Heslington, York, United Kingdom, YO10 SNY

Parahydrogen induced polarisation (PHIP) is used to increase the sensitivity of nuclear magnetic resonance
(NMR) spectroscopy. The inherent insensitivity of NMR is caused by the very small population difference that
exists between the nuclear spin alignments that are probed. Para-H, is traditionally used to ‘overpopulate’

(hyperpolarise) specific spin alignments in hydrogenation products and thereby increase NMR sensitivity.

In this study, para-H, is used to hyperpolarise pyridazine and phthalazine - two dinitrogen-containing organic
substrates, both of which are biologically-active drug precursors used in the treatment of cancer and
Alzheimer’s. The iridium complex [IrCI(COD)(IMes)] reacts with the substrate and para-H, to form the ‘active
catalyst’, [IrH,(IMes)(substrate);]Cl in these studies. Whilst the substrate is bound to the metal at low-magnetic
field, polarisation transfer flows from the para-H, derived hydride ligands to the substrate, after which it can
dissociate from the catalyst. Through the processes of substrate and para-H, ligand exchange, a build-up in
concentration of hyperpolarised substrate is achieved in solution. This effect has been termed ‘signal
amplification by reversible exchange’ (SABRE). In this study, SABRE has resulted in the unbound forms of
chemically-unchanged pyridazine and phthalazine showing '"H-NMR signal enhancements that exceed 1000-fold.

Substrates:
-Pyridazine . Lo
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i (para-H),
x N

The aim of this research is to optimise the efficiency of polarisation transfer from para-H, to these substrates.
The ‘contact time’, during which substrate and hydrogen are bound to the iridium-exchange catalyst, can be
optimised by altering the rates of substrate and hydrogen ligand exchange. The resulting transition metal
complexes of pyridazine and phthalazine are characterised, and shown to undergo ligand loss as well as 1,2-
metallotropic shifts between the contiguous nitrogen donor atoms. The ligand exchange mechanism is
elucidated through kinetics and thermodynamic studies using exchange spectroscopy (EXSY) and shown to be

dissociative. A strategy to optimise the SABRE effect is detailed.

SABRE promises to be applicable to magnetic resonance imaging (MRI) by enhancing the signal strengths of
biologically-important substrates. The potential to use pyridazine and phthalazine-containing drug molecules as
hyperpolarised contrast agents will be discussed. This novel imaging method could lead to the detection of

diseases, like cancer, at earlier stages, which has the potential to save lives.
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Photochemistry, Spectroscopy and Supercritical Fluids

Michael W George
School of Chemistry, University of Nottingham, Nottingham NG7 2RD

This lecture will show how the combination of photochemistry and fast spectroscopy in
conventional and supercritical fluids is used to shed new light on chemical processes. The aim
is introduce each of these approaches and report recent results to show they can be used to
contribute to the area of reaction mechanisms following areas particularly using time-resolved
IR spectroscopy. Recent results using time- resolved XAFS will also be presented. The
lecture will focus on (i) Organometallic Alkane Complexes, Noble Gas Complexes and C-H
Activation; (i1) how spin states affect chemical reactivity and (iii) how the use reactions of
singlet oxygen ('0,) in an industrial setting can contribute to the area solar fuels. Although
this lecture is primarily centred on inorganic mechanisms, it will also touch focus on other
areas using a combination of spectroscopy and supercritical fluids ranging from transportation

in Carbon Capture and Storage (CCS) to the production of nanomaterials.
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Group 15 Element Triple Bonds and Reactive Intermediates
Kit Cummins
Massachusetts Institute of Technology

http.//web.mit.edu/ccclab

We have learned how to make triple bonds between transition metals (molybdenum, niobium)
and the group 15 elements nitrogen, phosphorus, and arsenic, using the elements themselves
as the source of the triply bonded atom. In the case of nitrogen, this means splitting the strong
N-N triple bond of the N, molecule, while in the case of phosphorus, it is the P4 tetrahedron
of elemental, molecular phosphorus that is broken down. Considering the dichotomy between
triply bonded N on the one hand, and P on the other that prefers to form three single bonds,
we set out to synthesize thermal molecular precursors to the P, molecule which, due to its
high-energy triple bond, we supposed would be a reactive intermediate. Our first approach to
generate P, was via niobium chemistry, and thereafter we turned to photochemical methods
for P, generation from white phosphorus in the presence of trapping agents. Currently we are
investigating anthracene as a protecting group for the reactive pi bonds of P,, in what
represents an organic synthesis approach to the chemistry of P, transfer reactions. Bound up
in this investigation was our discovery of new thermal precursors to singlet phosphinidenes
(the phosphorus analogs of carbenes) as a further example of a reactive phosphorus
intermediate. We are making efforts to characterize both the gas- and solution-phase

properties of the key reactive intermediates featured in this work.
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Boryl Ligands and Their Roles in Transition Metal Catalysed Borylation
Reactions

Zhenyang Lin

Department of Chemistry, The Hong Kong University of Science and Technology, Clear
Water Bay, Kowloon, Hong Kong.

Email: chzlin@ust.hk

Boryl ligands in transition metal boryl complexes play important roles in many catalytic
processes including hydroboration, diboration, and other boron addition reactions to
unsaturated organics as well as borylation of carbon-halogen and carbon-hydrogen bonds in

arenes and alkanes.

In this Talk, we discuss selected aspects of metal boryl (M-BR;) chemistry pertaining to the
role of boryl ligands in various catalytic processes. The exceptionally strong sigma-donor
properties of boryl ligands and their related nucleophilic/electrophilic behaviors will be

highlighted.

References:

[1] (a) B. Liu, M. Gao, L. Dang, H. T. Zhao, T. B. Marder, Z. Lin, Organometallics 2012, 31, 3410.
(b) M. S. Cheung, T. B. Marder, Z. Lin, Organometallics 2011, 30, 3018.

[2] (a) Z. Lin, Acc. Chem. Res. 2010, 43, 602. (b) L. Dang, Z. Lin, T. B. Marder, Chem. Comm. 2009,
3987 (a feature article). (c) “Contemporary Metal Boron Chemistry I: Borylenes, Boryls, Borane
Sigma-Complexes, and Borohydrides” T. B. Marder, Z. Lin, (Eds.); Springer-Verlag, Berlin, 2008.

[3] (a) C. Kleeberg, L. Dang, Z. Lin, T. B. Marder, Angew. Chem. Int. Ed. Engl. 2009, 48, 5350. (b) K.
C. Lam, T. B. Marder, Z. Lin, Organometallics 2010, 29, 1849. (c) L. Dang, Z. Lin, T. B. Marder,
Organometallics 2010, 29, 917.

[4] (a) H. T. Zhao, L. Dang, T. B. Marder, Z. Lin, J. Am. Chem. Soc. 2008, 130, 5586. (b) L. Dang, H.
T. Zhao, Z. Lin, T. B. Marder, Organometallics, 2008, 27, 1178. (c) L. Dang, Z. Lin, T. B. Marder,
Organometallics 2008, 27, 4443. (d) L. Dang, H. T. Zhao, Z. Lin, T. B. Marder, Organometallics
2007, 26, 2824. (e) H. T. Zhao, Z. Lin, T. B. Marder, J. Am. Chem. Soc. 2006, 128, 15637.

[5] (a) J. Zhu, Z. Lin, T. B. Marder, Inorg. Chem. 2005, 44, 9384. (b) K. C. Lam, W. H. Lam, Z. Lin,
T. B. Marder, N. C. Norman, Inorg. Chem. 2004, 43, 2541.
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Chemicals from Waste Bio - Oils

David J. Cole-Hamilton,® Ruben Duque Garcia,® Ronan le Goff, Marc Furst,? Juma
Mmongoyo,® James Mgaya,® Jennifer Julis? Stuart Bartlett® Sabrina Baader® and Quintino
Mgani®

@ EaStCHEM, School of Chemistry, University of St. Andrews, St. Andrews, Fife, KY16 9ST, Scotland,
UK
®University of Dar es Salaam, Chemistry Department, P.O.Box 35061, Dar es Salaam, Tanzania
¢ Fachbereich Chemie, Organische Chemie, TU Kaiserslautern, Erwin-Schrédinger-StraBe 54, 67663
Kaiserslautern, Germany
*Tel: +44-1334-463805; Fax: +44-1334-463808; E-mail: djc@st-and.ac.uk

As oil supplies dwindle and the price increases, it is o

essential to find new ways of making the many \/\/\/\/—\/\/\/\)k
OMe

chemicals on which the quality of our lives depends.

One approach is to use renewable resources which can n =1, cross metathesis

be grown. However, there is a tension between using n =2, cross metathesis, carbonyllation
land for fuel or chemicals production and the need to n = 8, self metathesis

use land to produce food for the rapidly increasing n =9, carbonylation

world population. One possible solution is to use waste

products for the manufacture of chemicals. In this MeOWH\/WfOMe
presentation, we shall discuss the conversion of methyl o " i

oleate and oleic acid, a major component of Tall Oil, a Hz/ Ruftriphos/ polyester
waste from wood processing, into polymer precursors. HOL [~ O

We shall also discuss the synthesis of a range of n

important chemicals from cashew nut shell liquid

(CNSL), a waste from cashew nut processing. Schemel. The formation of a range of

o,o—difunctionalised compounds from methyl
We shall show how homogeneous carbonylation,!"  oleate using homogeneous catalysis

metathesis, and reductive amination® (see Scheme 1)

can be used to make difunctional esters acids, alcohols and amines!"® ® for polymer formation'”
(Figure 1).

Since homogeneous catalysts suffer the potential difficulty of product-catalyst separation, we shall
show how supported ionic liquid phase SILP) catalysts with carbon dioxide flow (see Figure 1) allow
the ready separation of the products from the catalyst, thus overcoming one of the major difficulties
associated with scaling up and using

homogeneous catalysts commercially. We shall ~ “oc™ 7

. . Tsetse fly attractant
describe our developments on metathesis® and Detergent precursor e —
other reactions using these systems. R,
Cashew nut shell liquid contains interesting " " ”'[-) ~—
. . HO ] T -membert macrolacton
phenols meta substituted with an unsaturated Cis .0 " | 7 N B0 ot s
chain. We shall described how it can be used to  replacement ;1 “ HO cosme
synthesise tse-tse fly attractants, potentially safe  cetergentz ™ Bifunctional monomer
detergents, polymer additives, monomers for R Mol
. . . . olye! ene plasticiser
polymerisaton and large ring macrocyclic . o o
6l (E; Fig. 2 Chemicals from cashew nut shell liquid
lactones.” (Figure 2. g

[1]  a)C.Jimenez-Rodriguez, G R. Eastham, D. J. Cole-Hamilton, Inorg. Chem. Commun. 2005, 8, 878; b) C. J. Rodriguez, D. F. Foster, G. R. Eastham,
D. J. Cole-Hamilton, Chem. Commun. 2004, 1720.

[21  A.A.Nunez Magro, G R. Eastham, D. J. Cole-Hamilton, Chem. Commun. 2007, 3154.

[31 a) M. R. L. Furst, R. le Goff, D. Quinzler, S. Mecking, D. J. Cole-Hamilton, Green Chem. 2011, 14, 472; b) M. R. L. Furst, T. Seidensticker, D. J.
Cole-Hamilton, Green Chem. 2013, 15, 1218

[4] a)D. Quinzler, S. Mecking, Angew. Chem. Int. Ed. 2010, 49, 4306; b) F. Stempfle, D. Quinzler, I. Heckler, S. Mecking, Macromol. 2011, 44, 4159.

[51  R.Duque, E. Ochsner, H. Clavier, F. Caijo, S. P. Nolan, M. Mauduit, D. J. Cole-Hamilton, Green Chem. 2011, 13, 1187.

[6] J.A. Mmongoyo, Q. A. Mgani, J. M. Mdachi, P. J. Pogorzelec, D. J. Cole-Hamilton, Eur. J. Lipid. Sci. Technol. 2012, 114, 1183.
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Dinuclear metal catalysts: Improved performance of heterodinuclear mixed

catalysts for CO,—epoxide copolymerization
Prabhjot K. Saini, Charles Romain, Charlotte K. Williams

Imperial College London, Department of Chemistry, London, SW7 2AZ.

Polymers synthesized from carbon dioxide are attractive as they have the potential to deliver
improved sustainability compared to the current petrochemical derived polymers.'
Copolymerizing epoxides and carbon dioxide can lead to the formation of low molecular
weight, di-hydroxyl terminated, polycarbonates or ‘polycarbonate polyols’ which are
important as they can replace polyether polyols used in polyurethane synthesis (textiles,
packaging, construction, furniture).?

Many catalysts have been synthesized for the copolymerization of epoxides and CO,, which
include metal salen and phorphyrin complexes. However, some of the most active catalysts
are homodinuclear metal complexes, but until now heterodinuclear catalysts remain
unreported.'?

This presentation will outline a new in sifu route to forming a catalyst system consisting of a
mixture of homo- and heterodinuclear Zn—-Mg complexes and the characterisation techniques
used. This catalyst system exhibits significantly higher activity in cyclohexene/CO;
copolymerization reactions compared to the homodinuclear catalysts alone or in combination.
Additionally, this catalyst system still conveys excellent polymerization control even with
three different catalysts species present. The system is very robust and also shows promising
activity in propylene oxide/CO, copolymerization reactions.’

500 - | I TON L 80
X TOF /h'

400
- 60

> 300

< ,
= L H H
" L 40 O
'—
200 -
X = OAc
L 20
0 AZM1=M2=ZI’]
L B: My= M, = Mg
A B c 50:50 A:B C=A, B&2Zn/Mg

Catalyst

Figure 1: Structure of catalysts and their activity in cyclohexene oxide/ CO, copolymerization

! Kember, M. R.; Buchard, A.; Williams C. K., Chem. Commun., 2011, 47, 141-163

2 Cyriac, A.; Lee, S. H.; Varghese, J. K.; Park, E. S.; Park, J. H.; Lee, B. Y., Macromolecules,
2010, 43, 7398-7401.

3 Saini, P. K.; Romain, C.; Williams, C. K., Chem. Commun., 2014, DOI:
10.1039/C3CC49158G.
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Ring-Opening Polymerization of a Strained [3]Nickelocenophane: A Route

to Polynickelocenes, a Class of S = 1Metallopolymers
Baljak, S.; Russell, A. D.; Binding, S. C.; Haddow, M. F.; O'Hare, D.; Manners

University of Bristol

The field of [n]metallocenophane chemistry has attracted growing interest since the first
example of these strained species was reported in 1960." Significantly, the propensity of
strained metallorings (1) to undergo ring-opening polymerization (ROP) reactions affords
access to polymeric products (2) that incorporate metallocene units into the main chain
(Scheme 1). The interesting redox, catalytic and magnetic properties of these materials has
resulted in their use in a variety of applications.

/@ D —(ER)),

M (ER), —ROP '\|/|

=’ =

1 2
M = Fe, Ru, Co, Ni
Scheme 1. Ring-opening polymerisation of strained [n]metallocenophanes

n

To date, the majority of [n]metallocenophane research has focused on the ROP of strained
[1]ferrocenophanes, a result of their ease of preparation and ready propensity to undergo ring-
opening reactions.” However, reports of ROP for strained [n]metallocenophanes of late
transition metals other than iron are rare. Here we describe the first ROP of a strained
[3]nickelocenophane, affording polynickelocene, an interesting class of metallopolymers with

a S = 1 monomer unit.’

(1) Rinehart, K. L., Jr.; Frerichs, A. K.; Kittle, P. A.; Westman, L. F.; Gustafson, D. H.; Pruett,
R. L.; McMahon, J. E. J. Am. Chem. Soc. 1960, 82, 4111.

(2) a) Whittell, G. R.; Manners, 1. Adv. Mater. 2007, 19, 3439; b) Whittell, G. R.; Hager, M.
D.; Schubert, U. S.; Manners, 1. Nature Mater. 2011, 10, 176.

(3) Bellas, V.; Rehahn, M. Angew. Chem. Int. Ed. 2007, 46, 5082.

(4) a) Berenbaum, A.; Manners, 1. Dalton Trans. 2004, 2057; b) Vogel, U.; Lough, A. J;
Manners, 1. Angew. Chem. Int. Ed. 2004, 43, 3321; ¢) Braunschweig, H.; Adams, C. J;
Kupfer, T.; Manners, I.; Richardson, R. M.; Whittell, G. R. Angew. Chem. Int. Ed. 2008, 47,
3826; d) Bagh, B.; Schatte, G.; Green, J. C.; Miiller, J. J. Am. Chem. Soc. 2012, 134, 7924.

(5) Baljak, S.; Russell, A. D.; Binding, S. C.; Haddow, M. F.; O'Hare, D.; Manners, L.
Submitted.
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Base Induced Rearrangement of Mesityl-Phosphonium Salts
Sophia A. Solomon, Lucy K. Allen, Sarah B. J. Dane, Dominic S. Wright*
University of Cambridge, Department of Chemistry, Lensfield Road, Cambridge, CB2 IEW.

The applications of phosphorus ylides as ligands in inorganic chemistry were first introduced
by Schmidbaur.' Our interest in this area has recently focused on the triple-deprotonation of
the phosphonium salts [R"P(CH,R)3;]"X™ (X = a halide ion) to give the ylides of the type
[R'P(CHR)3]*". Previously, we were able to structurally-authenticate the first example of this
type of ylide dianion, [{PhP(CH,);},(Li+THF)4] (Figure 1).2 We also showed that the
[PhP(CH2)3]2_ dianion can be transferred, by a metal exchange reaction with FeBr; to give the
unusual hydride complex [{PhP(CH;)s:Fe}4(1s-H)]™, composed of a tetrahedron of Fe' atoms
with a py-H at the centre of the cluster.” However, the reaction of mesityl-phosphonium
iodides [2.4,6-MesC¢H,PR;3]'T” (R = Me, Et) with ‘BuLi does not result in the anticipated
deprotonation of the phosphorus-bonded R-groups. Instead, quantitative 1,3-sigmatropic
rearrangement occurs to give the new benzylic phosphonium salts [(3,5-Me,CsH3)-
CH,PR3]'T (R = Me, Et), in which the R3;P group is transferred to an ortho-CHjz group
Scheme 1). In situ ' NMR studies show that the reaction is base-activated and
stoichiometric with respect to ‘BuLi. DFT calculations support the conclusion that the

rearrangement is thermodynamically favourable in the gas-phase and in THF and show that it

STEP 1
- H+ —3
e -
CH, " NCH,
. <

is enthalpically driven.’

PRs PRs +PR;
? \‘\
STEP 2
A
STEP 3
+H
— )@
CH, CH
| - | 2
*PRs +PR,
Figure 1 Scheme 1

'H. Schmidbaur, Angew. Chem. Int. Engl. 1983, 22,907; H. Schmidbaur, Pure Appl. Chem. 1980, 52, 1057; H. Schmidbaur,
Pure Appl. Chem. 1978, 50, 19; H. Schmidbaur, Acc. Chem. Res. 1974, 8, 62.

2R.J.Less, V. Naseri, D. S. Wright, Organometallics 2009, 28, 3594.

3c. Berges Serrano, R.J. Less, M. McPartlin, R. E. Mulvey, V. Naseri, D. S. Wright, Organometallics 2010, 29, 5754.
4S.A. Solomon, L. K. Allen, S. B. J. Dane, D. S. Wright, Eur. J. Inorg. Chem., in press. DOI:10.1002/ejic.201301203
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Magnesium Catalysed Hydroboration of Nitriles

C.E. Weetman, M.S. Hill, M. Arrowsmith, M.D. Anker, M.F. Mahon
Chemistry Department, University of Bath, Bath, BA2 74Y. cew24@bath.ac.uk

As an extension to our previous studies in alkaline earth-mediated borane reduction

catalysis,'> we now report that the hydroboration of nitriles with pinacolborane (HBpin) may

be catalysed by the p-diketiminato n-butyl magnesium complex, [HC{(Me)CN(2,6-

Bpin LMg—Bu
\ _ 4}
N——-=Bpin
H—2Bpin
H
R H Bu—~Bpin

N

o] LMg—H F

. 2) R
H—2Bpin
L
Mg H R
o< N LMg—N=—=x
H
e @) \
/ R
O
9
) H—2Bpin
L
Mg

Figure 1. Proposed catalytic cycle for the Mg-mediated

hydroboration of nitriles

Mechanistic  analyses have

shown that

iPr,CeH3)}xMgnBu] (1). The catalytic
reactions have been found to proceed under
mild conditions to produce the bis-borylated
amine product using 10 mol% catalyst
loadings of (1). Catalytic turnover is
proposed to occur through nitrile insertion
into a magnesium hydride bond followed by
subsequent Mg-N/B-H o0-bond metathesis to

regenerate the active hydride catalyst and the

bis-borylated product (Figure 1).

the

magnesium-catalysed hydroboration of alkyl nitriles
displays overall zero order kinetics whereas aryl
nitriles conform to an overall first order rate
dependence. A Hammett study on the aryl nitriles
indicated a change in mechanism whilst moving from
electron donating aryl substituents to electron
withdrawing groups. Stoichiometric reactivity studies

and resultant crystallographic analyses (Figure 2)

Figure 2. Proposed catalyst resting

state during the hydroboration of
nitriles catalysed by 1

have enabled the identification of a magnesium borate species, which is proposed as a likely

resting state during catalytic turnover.

! M. Arrowsmith, M. S. Hill, G. Kociok-Kéhn, Chem.-Eur. J. 2013, 19,2776

2 M. Arrowsmith, T. J. Hadlington, M. S. Hill, G. Kociok-Kéhn Chem. Commun. 2012, 48, 4567
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Development of a Powerful Tool to Override the Classical Directed ortho-
Metallation Chemistry: Co-operative Effects Between Magnesium and

Alkali Metals

Antonio J. Martinez-Martinez, David R. Armstrong, Ben J. Fleming, Alan R. Kennedy,
Robert E. Mulvey, Stuart D. Robertson, and Charles T. O’Hara*

WestCHEM, Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow,
United Kingdom, G1 1XL

Around 95% of pharmaceuticals rely on the use of an organolithium reagent at one point in
their synthesis.' One of their major uses is in the metallation reaction, which is the conversion
of'a C-H bond to a more useful C-M bond. In particular, Directed ortho-Metallation (DoM) is
one of the most widely used protocols and is utilised to ortho-functionalise aromatic systems.
However, organolithiums have some key drawbacks, for example they often exhibit poor
functional group tolerance, react with solvents and generally require low temperature reaction

conditions.

During the past decade or so, it has been shown that the utilisation of alkali metal magnesiates
in synthetic protocols has emerged as a leading alternative to organolithiums reagents in a
series of regioselective deprotonations (metal-hydrogen exchange) and metal-halogen

2
exchanges.

This work details the chemistry of certain potassium and sodium magnesiates which exhibit a
novel reactivity and selectivity, activating one or two C—H bonds respectively. Ultimately, the
organometallic reagents isolated in these reactions are mixed-metal amide-containing
macrocyclic complexes known as inverse crown complexes.” We have recently reported
inverse crown precursors’ which has allowed us to develop a new general metallation strategy
to regioselectively 2,5- and 3,5-dimetallate selected aromatic systems while tolerating a wide

range of functional groups without the need for cryogenic temperatures.”

"Collum, D.; Acc. Chem. Res. 1993, 26, 227.

2 Mulvey, R.; Mongin, F.; Uchiyama, M.; Kondo, Y.; Angew. Chem. Int. Ed. 2007, 46, 3802; Haag B.; Mosrin
M.; Ila H.; Malakhov V.; Knochel P.; Angew. Chem. Int. Ed. 2011, 50, 9794.

3 For first examples see: Armstrong, D.; Kennedy, A.; Mulvey, R.; Rowlings, R.; Angew. Chem. Int. Ed. 1999,
38, 131.

4 Martinez-Martinez, A.; Armstrong D.; Conway, B.; Fleming, B.; Klett, J.; Kennedy, A.; Mulvey, R.; Robertson,
S.; O’Hara, C.; Chem. Sci. 2014, 4, 771.

> Manuscript in preparation.
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Expaning o elimination to organophosphorus and organosilane synthesis

Rory Waterman
University of Vermont, Cook Physical Sciences Building, Burlington, VT 05405, USA,

rory.waterman@uvm.edu, www.uvm.edu/ ~waterman.

After observation of a-arsinidene elimination from triamidoamine-supported zirconium
complexes and reports of a-stannylene and -stibinidene elimination from group 4
metallocenes by Tilley, an expansion of the elements that participate in this rare class of
deinsertion reactions has been sought. Triamidoamine-supported zirconium complexes have
been limited in effecting a elimination for lighter elements using, for example, silanes or
phosphines as substrates. However, silanes with mt-donating substituents, RXSiH, (X = NMe,,
Cl, etc), do react with [k-N,N,N,N,C-(Me;SiNCH,CH;),NCH,CH,;NSiMe,CH;]Zr (1) to give
(N3N)ZrX (N3N = N(CH,CH,NSiMes);* ) with evidence of silylene formation. Furthermore,
catalytic N—Si dehydrocoupling using triamidoamine-supported zirconium complexes has
provided an in situ substrate, RXSiH,, for a-silylene elimination. In select cases, the silylene
fragment can be intercepted by an unsaturated organic substrate. Yet more success in
organoelement synthesis has been realized recently with the use of iron catalysts. These
compounds appear to dehydrocouple phosphines by a-phosphinidene elimination and can
engage in catalytic preparation of phospholes from primary phosphines and either alkynes or

dienes.
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Gold(I)-Catalyzed Protodecarboxylation of (Hetero)Aromatic Carboxylic
Acids

Stéphanie Dupuy and Steven P. Nolan

School of Chemistry, University of St Andrews, North Haugh, St Andrews, KY16 9ST, UK.
Email: sd53@st-andrews.ac.uk

In organic molecules, carboxylic acids are among the most common functionalities. In recent
years, this single functionality has been widely used in decarboxylative coupling reactions'
and as a directing group in transition-metal reactions.” For the latter, development of
methodologies for the removal of surplus carboxylate groups is of great appeal.” Here, we
disclose the first protodecarboxylation of (hetero)aromatic carboxylic acids catalyzed by
gold.* This newly-developed methodology is highly efficient, uses low catalyst loadings and
is not limited to o-substituted substrates like silver protocols, and has been successfully
applied to electron-rich and electron-deficient substrates. Mechanistic studies have been
carried out to probe the reaction mechanism. Isolation of key steps and intermediates allowed
us to determine rate constantes for the rate-determining step i. e. the extrusion of CO, from
various substrates. These values allowed access to thermodynamic parameters, which could
be compared to previously described systems, to furnish a better understanding of how the

substrate structure affects the reactivity.

CO.H
X g = <
R©® [AU(SIPF)(0,CAd)] RO

Protonolysis

33 examples
CO.H o0-,m- and p-substituted
- benzoic acids

‘ Acid/Base reaction

S

R AdCO,H

or X \u—SIPr
o CO,AU =SIPr
AdCO,H RQ/ ol X 2
1

- CO,

Decarboxylation

Kinetic studies w==) AH, AS, AG

"L. J. Goossen, K. Goossen, in Inventing Reactions, Vol. 44 (Ed.: L. J. Gooflen), Springer Berlin Heidelberg, 2013,121
2 L. Ackermann, Acc. Chem. Res., 2014, 47, 281

3 I Larrosa, J. Cornella, C. Sanchez, D. Banawa, Chem. Comm. 2009, 7176

43, Dupuy, S. P. Nolan, Chem. Eur. J., 2013, 19, 14034
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Controlling Product Selectivity in Rhodium-Catalysed Oxidative Coupling
C.E. Ellul', C. L. McMullin?, S. A. Macgregor’, D. L. Davies'

" Department of Chemistry, University of Leicester, Leicester, LE] 7RH, UK

? School of Engineering and Physical Sciences, William Perkin Building, Heriot-Watt
University, Edinburgh, EH14 4AS, UK

Directed C-H functionalization catalysed by [Cp*RhCl;], and related derivatives has recently
attracted a large amount of interest as a convenient route to value added products.’ For
example, 1-phenylpyrazole has been shown to be a versatile substrate for the oxidative
coupling with internal alkynes forming carbocycles (1, 2) or heterocycles (3) via C,C

coupling.”

|
EtOH @I
F\N F\N 4/_\\ N %’ 4

Ph N Ph N Ph N +

I e
- -

Ph Ph 100 °C Ph 80 °C 83°C

Ph Ph Ph 150 °C

2 1
Xylene
Catalyst = [Cp*RhCl;], Na,CO3

Oxidant = Cu(OAc),'H,0O

R = Pr, Ph

Additionally, we will demonstrate that C,N coupling is also facile (4, §). Furthermore, we will
highlight that combined experimental and computational studies can led to the elucidation of
the mechanism thus enabling the identification of key steps within the catalytic cycle which
control product selectivity. Our results suggest that product selectivity is dependent on anion
coordination and reductive elimination, enabling rational control over product selectivity by

altering the nature of alkyne and reaction conditions.

(1) a) G. Song, F. Wang, X. Li, Chem. Soc. Rev. 2012, 41,3651; b) T. Satoh, M. Miura,
Chem. Eur. J. 2010, 16, 11212.

(2) N. Umeda, K. Hirano, T. Satoh, N. Shibata, H. Sato, M. Miura, J. Org. Chem. 2010, 76,
13.
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Using de novo Design to Create Novel Lanthanide-Coiled Coil Imaging

Agents

Matthew R. Berwick, Melanie M. Britton and Anna F.A. Peacock

School of Chemistry, University of Birmingham, mrb775@bham.ac.uk

Figure 1. Model of
the 4  different
Ln(III) binding sites

A library of peptide sequences have been designed which, in the
presence of a trivalent lanthanide ion, Ln(III), have been programmed to
spontaneously self-assemble to form a three stranded metallo-coiled coil.
An aspartate/asparagine (Asp/Asn) binding site for Ln(IIl) coordination
has been introduced into the hydrophobic core, restricting inner sphere
water coordination. The resulting Ln(IIl) coiled coil is therefore of
interest for luminescence applications as O-H vibrations quench Ln(III)
emission. Despite having no inner sphere water molecules, we have
found that our gadolinium coiled coil, the first to be reported, displays
promising magnetic resonance imaging (MRI) contrast agent
capabilities.'”

Furthermore, by repositioning the Ln(IIl) binding site at four

different locations along the peptide motif, coiled coils with different stabilities and Ln(III)

sites with different coordination environments (Figure 1) can be achieved. Most notably, the

number of inner sphere coordinated water molecules is highly sensitive to the location of the

binding site, leading to varying photophysical and NMR relaxation properties. This therefore

provides an opportunity to tailor the design of these metallo-peptides towards use in either

luminescence or MRI applications depending on the choice of binding site and the Ln(III) ion

chosen.

MRB, MMB and AFAP thank the School of Chemistry and the University of Birmingham for

funding. Some equipment used was obtained through Birmingham Science City with support from

Advantage West Midlands (AWM) and European Regional Development fund (ERDF)
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Wilkie, Z. Pikramenou, M.M. Britton, A.F.A. Peacock, J. Am. Chem. Soc., 2014,136, 1166
(2) P. Caravan, J. Ellison, T. McMurry, R. Lauffer, Chem. Rev., 1999, 99, 2293-2352
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Functional cellular reagents derived from phosphorescent rhenium(I) and

iridium(III) polypyridine complexes
Kenneth Kam-Wing Lo,* Hua-Wei Liu, Kenneth Yin Zhang, Man-Wai Louie, Steve Po-Yam
Li, Alex Wing-Tat Choi, Wendell Ho-Tin Law, Bruce Ting-Ngok Chan, Tommy Siu-Ming

Tang and Karson Ka-Shun Tso
Department of Biology and Chemistry, City University of Hong Kong, Tat Chee Avenue,
Kowloon, Hong Kong, P. R. China. E-mail: bhkenlo@cityu.edu.hk

The interesting phosphorescence properties of rhenium(l) and iridium(IIl) polypyridine
complexes have prompted us to develop new biological labels and cellular probes using these
complexes. Recently, we have designed new complexes to: (1) study glucose transporters-
mediated sugar uptake by cancer cells, (2) develop photocytotoxic agents, (3) label surface-
glycans of living cells from a bioorthogonal approach, (4) detect intracellular zinc(II) ion and
nitric oxide and (5) identify the intracellular protein targets of these reagents. We have
focused on the photophysical and photochemical properties, cytotoxicity, cellular-uptake and

intracellular functions of these new complexes.

OH

HO 0
HO

bioorthogonal probe nitric oxide sensor

References
(a) Chem. Eur. J., 2012, 18, 13342-13354; (b) Chem. Commun., 2013, 49, 4271-4273; (¢)
Biomaterials, 2013, 34, 7519-7532; (d) Inorg. Chem., 2013, 52, 13029—-13041.


Jon Rourke
dalton2014                                                                          Thursday 11.35 am B202


dalton2014

Peptides as versatile tools in the synthesis of metal oxides

Thursday 11.55 am B202

Mei-Keat Liang, Marion J. Limo, Valeria Puddu, Anna Sola-Rabada and Carole C. Perry

Department of Chemistry and Forensic Science, School of Science and Technology,

Nottingham Trent University, Clifton Lane, Nottingham NG11 8NS

Events occurring at the solid/ aqueous interface (i.e. molecular recognition, adsorption,

desorption etc.) underpin a variety of technologies used in the biomedical and technological

fields. Interactions occurring at interfaces are also used to good effect in Nature where

biomolecules are used to guide and control the formation of biominerals. My research group

is involved in studies of biomineralization iz vivo and the transition of mechanistic

information learnt from the natural systems to laboratory based reactions. Our aim is to

generate new material forms and increase our understanding of the principles by which

materials formation in vitro can be regulated under environmentally ‘green’ reaction

conditions.

This presentation will use examples from our studies of oxides to showcase what we have

learnt about how peptides interact with surfaces thereby regulating mineral formation.

Governing factors
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Weakly Coordinating Anions: Facilitators for Applied and

Fundamental Chemistry

Ingo Krossing?

@ Institute of Inorganic and Analytical Chemistry, and Freiburg Materials Research Center; Albert St. 21, 79104

Freiburg, Germany, E-mail: krossing@uni-freiburg.de; Website: http.//portal.uni-freiburg.de/molchem.

Weakly Coordinating Anions (WCAs): If the
surface of a larger, chemically robust anion is
terminated by fluorine, its performance as a
WCA usually gets better. This is mainly due to
the low polarizability of element-fluorine bonds
and the capability of fluorine to effectively
delocalize the negative charges.

The lecture will focus on the unusual chemistry
enabled by the [AI(ORF);]~ (RF = fluorinated
alkoxide) and related types of WCAs.

Cationic Main Group Clusters: We present novel
homopolyatomic clusters of the Group 15 or 16
elements, for example Sei,-, Seis-complexes or
[Po]".

Selected References:

Subvalent Group 13 Cations: We devised a route
to univalent Ga* and In* and used them for novel
coordination chemistry. We show that chelating
ligands like diphosphenes or bipyridines lead to
an interesting follow-up chemistry.

Nickel
organometallic Ni* salts are accessible with the

Univalent Cations: Simple, purely
[AI(ORF)4]™ anion. The road to and chemistry of

will be presented.

Organo-Zinc-Salts RZn*: A facile route to ion-like
RZn* salts is presented and the preliminary
chemistry thereof presented, also in terms of
applications for hydroamination.

“Non coordinating anions: fact or fiction? A survey of likely candidates.” |. Krossing*, |. Raabe, Angew. Chem.

2004, 116, 2116-2142.

“IPo]*[AI(ORF)4f, the Salt of a Homopolyatomic Phosphorus Cation.”
Tobias Kdchner, Tobias A. Engesser, Harald Scherer, Dietmar A. Plattner, Alberto Steffani, and Ingo Krossing*;

Angew. Chem. Int. Ed. 2012, 51, 6529-6531.

“Weakly Coordinating Anions: Fluorinated Alkoxyaluminates.”
Ingo Krossing in: Jan Reedijk and Kenneth Poeppelmeier, editors. Comprehensive Inorganic Chemistry I, Vol 1.

Oxford: Elsevier 2013, 681-705.

"Unusual Tilted Carbene Coordination in Carbene Complexes of Gallium(l) and Indium(l)."
A. Higelin, S. Keller, C. Gohringer, C. Jones and |. Krossing, Angew. Chem., Int. Ed. Engl. 2013, 52, 4941-4944.
“Univalent Gallium and Indium Phosphane Complexes: From Pyramidal M(PPhs)s* to Carbene-Analogous Bent

M(PtBus)z* (M=Ga, In) Complexes.”

Alexander Higelin, UIf Sachs, Sarah Keller, and Ingo Krossing*, Chem. Eur. J. 2012, 18, 10029-10034. DOI:

10.1002/chem.201104040.
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