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PROGRAMME 
 
9.00am‐  9.15am    Opening session 

      Introduction by Dr Eoin Scanlan, TCD 

      Welcome by Dr Patrick Prendergast, Provost of Trinity College Dublin 

       
 
9.15am‐10.15am    SERVIER LECTURE 

Chairperson:  Dr Eoin Scanlan, TCD 

Professor Véronique Gouverneur, University of Oxford, UK 

      “Fluorine Chemistry: Cold and Hot Recipes” 

 

10.15am‐10.45am    Coffee/Tea Break 
 
10.45am‐11.45am    WATERS LECTURE 

Chairperson:  Professor Stephen Connon, TCD 

      Professor Siegfried Blechert, University of Berlin, Germany 

“Stereocontrolled Metathesis Cascades in Natural Product Synthesis". 

 
 
11.45am‐12.45pm    GLAXOSMITHKLINE LECTURE 

Chairperson:  Professor Mauro F A Adamo, RSCI 

Professor Henk Hiemstra, University of Amsterdam, The Netherlands 

      "Recent Adventures in Natural Product Total Synthesis". 

 
12.45pm‐1.45pm    Lunch Break 
 
1.45pm‐2.45pm    Chairperson:  Professor Stefan Oscarson, UCD 

Professor James Naismith, University of St Andrews, UK  

“The structural and chemical biology of patellamide biosynthesis” 

 
2.45pm‐4.15pm    Poster Session.  Coffee/Tea Break 
 
4.15pm‐5.15pm    ELI LILLY LECTURE 

Chairperson:  Professor Pat Guiry, UCD 

Professor Ian Paterson, University of Cambridge, UK 

“Challenges and Discoveries in Complex Polyketide Synthesis.” 

 
5.15pm      Closing Remarks  

      Professor Pat Guiry, Director, Centre for Synthesis and Chemical Biology 

 

5.30pm      Wine Reception 
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Professor Henk Hiemstra, University of Amsterdam, The Netherlands 
 
Henk Hiemstra was born on a dairy farm near Dronrijp in Friesland, the 
Netherlands, in 1952. He went to high school in Leeuwarden (30 km by bike 
every day) in the years 1964-1970. Next, he studied chemistry at the University 
in Groningen, where he received his master degree in 1976. He stayed at the 
same university for his PhD research under the guidance of prof. Hans Wynberg. 
This work was concluded in 1980 with a thesis on asymmetric homogeneous 
catalysis of the sulfa-Michael reaction with Cinchona alkaloids, a research area 
nowadays called organocatalysis. 
It was then time to leave the country for postdoc research at the University of 
Wisconsin, Madison, USA in the group of professor Barry M. Trost, where 
Hiemstra worked on the total synthesis of taxol. In 1982 he returned to Europe 
and began his academic career at the University of Amsterdam. In 1997 he was 
appointed full professor in synthetic organic chemistry. 
He is the author or co-author of about 220 peer-reviewed publications. 
Nowadays, his main research interests are synthetic methodology, e.g. 
organocatalysis, and the total synthesis of natural products. His group has 
completed the total syntheses of several alkaloids, such as anatoxin-a, 
peduncularine, gelsemine, gelsedine, roseophilin, yohimbine, and mitragynine. 
Presently, he runs a research group of about fifteen people, including master and 
PhD students, technicians and postdocs. In his spare time he likes to ride his 
bicycle or hike on a long-distance trail while enjoying nature in the meantime. 

Professor Siegfried Blechert, Berlin Institute of Technology, Germany 
 
Professor Siegfried  Blechert was born in Aalborg, Northern Denmark,in 1946. 
He studied chemistry at the University of Hanover. He did his PhD in the 
research group of Professor Ekkehard Winterfeldt where he investigated and 
synthesised metabolites of the anticancer alkaloid acronycine. He completed his 
PhD in 1974 and did his post-doc in the same lab. He then started his 
independent research in Hanover. He moved in 1981 to a postdoctoral position 
in Gif-sur-Yvette with Prof. Pierre Potier. The isolation of baccatin III from yew 
trees and the first investigations towards the total synthesis of taxotere – 
nowadays a widely used anticancer drug – were performed in Potier’s group and 
encouraged his interest in natural product synthesis. After returning to Hanover 
one year later, Siegfried Blechert completed his “Habilitation” in 1983 with a 
variety of novel reactions summarized as ‘Rearrangements with nitrogen-oxygen 
bond cleavage’. Two years later he received calls from the Universities of 
Münster and Bonn and in 1985 and moved to Bonn as an Associate Professor 
(C3). 
His research group grew quickly and many different research projects based on 
novel strategies towards terpenes and alkaloids were developed. His interest in 
domino-sequences for the efficient and fast construction of complex systems 
were often based on reactions developed during his work in Hanover. Also 
interest in biological effects of compounds synthesized during the project of the 
total synthesis of taxol, led to some research collaborations. His research in 
metal-catalyzed rearrangements of double bonds, the metathesis reaction, was 
initiated in the late eighties in Bonn. He moved to the Technical University of 
Berlin in October 1990. 
His success in chemistry is accompanied by constant invitations to lectures, 
conferences and company visits all over the world.  Many invitations to named 
lectureships and a visiting professorship at the University of Paris V in 2004 
allowed him to describe the many facets of his research to various audiences. In 
2006 he became a member of the ‘Deutsche Akademie der Naturforscher 
Leopoldina’ and also served his University and the scientific community in 
various capacities. When reading his publications it is obvious that the main 
focus of his 230 papers and patents is quality rather than quantity. 
.
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Professor Jim Naismith, University of St Andrews, UK 
 
Jim Naismith studied Chemistry at Edinburgh University, graduating in 
1989. He obtained a structural biology PhD from Manchester University 
in 1992 with supervision from Bill Hunter, John Helliwell and Dave 
Garner. He spent two years in the lab of Steve Sprang in Dallas and 
arrived at St Andrews in 1995. He has been there since where he 
teaches and researches at the interface of chemistry and biology. 
 

Professor Ian Paterson, University of Cambridge, UK 
 
Ian Paterson received his BSc in chemistry from the University of St 
Andrews in Scotland, after which he carried out his doctoral research with 
Ian Fleming at Cambridge. For part of this period, he held a college 
research fellowship at Christ's College. He was then a NATO 
postdoctoral fellow with Gilbert Stork at Columbia University in New York 
before taking up a lectureship at University College London. In 1983, he 
returned to Cambridge University, where he is presently Professor of 
Organic Chemistry and a Fellow of Jesus College. 
Ian Paterson’s principal research interests are the development of new 
synthetic methods and the synthesis and structure determination of 
biologically active natural products, and he is well known for his work on 
the total synthesis of complex polyketides that include anticancer agents 
and antibiotics. He has introduced general methods for asymmetric 
synthesis, including versatile aldol methodology based on the use of 
chiral boron enolates for the construction of elaborate polyol sequences 
with multiple stereocentres. These powerful methods have enabled the 
total synthesis of a large number of biologically important polyketides in 
the Paterson group, many of which are promising anticancer agents that 
are in extremely scarce supply from their natural sources, especially 
those of marine origin. His extensive research achievements have been 
recognised by various awards, and he was elected as a Fellow of both 
the Royal Society (2005) and the Royal Society of Edinburgh (2010). 
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Professor Véronique Gouverneur, University of Oxford, UK 

Véronique Gouverneur secured a PhD in chemistry at the Université Catholique 
de Louvain (LLN, Belgium), under the supervision of Prof. L.Ghosez. In 1992, 
she moved to a postdoctoral position with Prof. R. Lerner at the Scripps 
Research Institute (California, USA). She then accepted a position of Maîre de 
Conférence at the University Louis Pasteur in Strasbourg (France). She worked 
with Dr C. Mioskowski and was Associate Member of the ISIS Institute directed 
by Prof. J-M. Lehn. She started her independent research career as a member 
of the chemistry faculty at the University of Oxford in 1998. Her research aims at 
developing new approaches to address long-standing problems in the synthesis 
of fluorinated analogues of natural products, pharmaceutical drugs and 
molecular [18F]labelled probes for PET imaging. Since her appointment in 
Oxford, she holds a tutorial fellowship at Merton College Oxford where she 
teaches organic chemistry. She is Professor of Chemistry at the University of 
Oxford since 2008 and her research published in >140 peer-reviewed 
publications and presented by invitation at > 100 (inter)national conferences 
was recognised by numerous awards. She is currently holding a Royal Society 
Wolfson Research Merit Award (2013-2018) and the Blaise Pascal Chair (Ecole 
Normale Supérieure de Paris/Commissariat d”Energie Atomique de 
Saclay/Paris Sud) (2012-2014).  
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Plenary Lectures 

 

 

L1 Professor Véronique Gouverneur, University of Oxford, UK  

‘Fluorine Chemistry: Cold and Hot Recipes‘ 

 

L2 Professor Siegfried Blechert, University of Berlin, Germany 

‘Stereocontrolled Metathesis Cascades in Natural Product Synthesis’ 

 

L3 Professor Henk Hiemstra, University of Amsterdam, The Netherlands 

‘Recent Adventures in Natural Product Total Synthesis’ 
 

L4 Professor Jim Naismith, University of St Andrews, UK 

‘The structural and chemical biology patellamides biosynthesis’ 

 

L5  Professor Ian Paterson, University of Cambridge, UK 

‘Challenges and Discoveries in Complex Polyketide Synthesis’ 

 

 



 



L1 
 

FLUORINE CHEMISTRY: COLD AND HOT RECIPES 
 

Professor Veronique Gouverneur 
Department of Chemistry, University of Oxford 

12 Mansfield Road, Oxford OX1 3TA, United Kingdom 
 

email: veronique.gouverneur@chem.ox.ac.uk 
 

Fluorine has become a powerful foundation for chemical exploration, discovery and 
innovation. We are interested in all aspects of selective fluorination with the design, 
discovery, and study of fundamentally interesting and useful organic reactions. The 
control of absolute and relative stereochemistry in C-F bond construction is an 
underlying goal in much of this work because of the crucial role played by the three-
dimensional structure of molecules in their function. Our current efforts towards the 
design and implementation of transition-metal based strategies to activate or construct 
C-F/C-CF3 bond will be discussed. The value of the chemistry will be exemplified in 
the context of 18F-radiochemistry to support positron emission tomography, a molecular 
imaging technology of clinical value for diagnosis, personalised medicine and drug 
development. 
 



L2 
 

STEREOCONTROLLED METATHESIS CASCADES IN NATURAL 
PRODUCT SYNTHESIS 

 

Siegfried Blechert 
 

TU Berlin – Berlin Institute of Technology, Institute of Chemistry 
Strasse des 17. Juni 115, 10623 Berlin, Germany 

  
email: blechert@chem.tu-berlin.de 

 

Cascade reactions constitute a fascinating branch of organic chemistry. The design of 
cascades to provide specific targeted molecules of structural and stereochemical complexity 
is a challenge. It represents a contribution to science and art of synthesis. Alkene and alkyne 
metathesis are valuable synthetic tools in organic chemistry. Since all metathesis 
transformation (except diyne metathesis) can be promoted by the same catalyst, it is obvious 
to combine them in a domino reaction. Ring-rearrangement metathesis (RRM) refers to such 
a combination, in which a cycloolefin reacts with an exocyclic alkene or alkyne. The basic 
ring-opening-ring-closing metathesis process can be extended by further metathesis steps. 
Such domino sequences have proven to be a powerful method for the rapid construction of 
complex structures and have been applied to the synthesis of natural products. The creation of 
new chiral centers is an important issue in synthetic organic chemistry. An attractive pathway 
for the chirality-inducing RRM is the use of chiral substrates, in which the existing 
stereocenters influence product formation in a diastereoselective manner.  
The advantages of diastereoselective metathesis sequences are that no expensive and 
difficult-to-access metal complexes are required and a wide spectrum of substrates can be 
employed. This concept and the use in natural product synthesis are presented. Selected 
examples are alkaloids like virgiboidine, lepadiformines, pumiliotoxins or frog alkaloids of 
the indolizidine type. 
Further developments and applications of chiral R-catalysts will also be presented. 

 
 

References: 

 
[1] M. Porta, S. Blechert, in "Metathesis in Natural Product Synthesis: Strategies, Substrates and 

Catalysts." (Ed. J. Cossy) 2010 Wiley-VCH. 
[2] S. Kress, J. Weckesser, S. Schulz, S. Blechert, Eur. J. Org. Chem. 2013, 1346. 
[3] S. Kress, S. Blechert, Chem. Soc. Rev. 2013, 4389. 
[4] A. Kannenberg, D. Rost, S. Eibauer, S. Tiede, S. Blechert, Angew. Chem. Int. Ed. 2011, 3299. 
 



 
 

L3 
 

"Recent Adventures in Natural Product Synthesis" 
 

Henk Hiemstra 
 

Van‘t Hoff Institute for Molecular Sciences  
University of Amsterdam 

The Netherlands 
 
Solanoeclepin A is a complex terpenoid natural product, excreted by the roots of 
growing potato plants. It functions as a hatching agent for potato cyst nematodes. The 
compound has therefore aroused the interest of the agricultural community for a long 
time as a possible environmentally friendly nematocide to combat the damage that 
nematodes inflict on potato crops. After a long period of tedious investigations the 
structure was finally elucidated in the Netherlands some 20 years ago (1). 
 

 
 
Since more than a decade our group carries out research toward a total synthesis of 
solanoeclepin A. In this talk I will briefly summarise the older work (2, 3) and then 
discuss in more detail our recent results, which are all unpublished. A wide variety of 
synthetic organic strategies and reactions will be discussed, in particular the [2+2]-
photochemical cycloaddition. 
 
(1) Elucidation of the structure of solanoeclepin A, a natural hatching factor of potato and 

tomato cyst nematodes, by single-crystal X-ray diffraction, H. Schenk, R. A. J. Driessen, R. 
de Gelder, K. Goubitz, H. Nieboer, I. E. M. Bruggeman-Rotgans and P. Diepenhorst, 
Croatica Chemica Acta 1999, 72, 593-606. 

(2) Studies towards the total synthesis of solanoeclepin A: synthesis and potato cyst nematode 
hatching activity of analogues containing the tetracyclic left-hand substructure, J. C. J. 
Benningshof, M. IJsselstijn, S. R. Wallner, A. L. Koster, R. H. Blaauw, A. E. van Ginkel, 
J. F. Brière, J. H. van Maarseveen, F. P. J. T. Rutjes and H. Hiemstra, J. Chem. Soc. Perkin 
Trans. 1 2002, 1701-1713. 

(3) Synthesis of the tricyclic core of solanoeclepin A through intramolecular [2+2] 
photocycloaddition of an allene butenolide, B. T. B. Hue, J. Dijkink, S. Kuiper, S. van 
Schaik, J. H. van Maarseveen and H. Hiemstra, Eur. J. Org. Chem. 2006, 127-137.  

 



L4 
 

The structural and chemical biology of patellamides biosynthesis 
 

James Naismith 
 

University of St Andrews, UK 
 
Patellamides are a fascinating class of natural products. They are macrocyclic peptides in 
which the constituent amino acids are heavily modified. The lecture will discuss the 
mechanistic insights into the enzymes which catalyse the biosynthesis of patellamides. In 
particular the two ring forming enzymes will be discussed in detail. Prospects for 
harnessing these insights to make new compounds are discussed 
 



 
 

L5 
 

Challenges and Discoveries in Complex Polyketide Synthesis 

Ian Paterson 

Department of Chemistry, University of Cambridge, Cambridge CB2 1EW, UK 

 

Complex natural products have long been a rich source of lead structures for drug discovery and continue to 
provide an unparalleled opportunity for driving advances in synthesis and chemical biology.[1] However, as the 
promising biological activity is often mirrored by their scarce natural abundance, total synthesis is often critical 
to solve the supply problem and to access novel analogues for lead optimisation. An overview of recent work 
from our group will be presented directed towards the total synthesis of several rare marine polyketides having 
potent anticancer activity, including leiodermatolide (isolated from the lithistid sponge Leiodermatium sp.),[2] 
the aplyronines (isolated from the Japanese sea hare Aplysia kurodai)[3] and spirastrellolide A (isolated from the 
Caribbean sponge Spirastella coccinea).[4] Each of the targets selected presents a unique set of challenges, 
inspiring the development of new methods and strategies to circumvent the multiple problems encountered. On 
a wider level, our work has led to the development of versatile and general approaches for the stereocontrolled 
construction of the characteristic molecular scaffolds associated with a large variety of complex polyketides of 
marine and terrestrial origin, enabling further biological studies. With the recent explosion of interest in 
antibody-drug conjugates, it is anticipated that such highly potent antitumour polyketides will play major roles 
in this revolutionary shift in cancer chemotherapy.[5] 
 

 
 

References 
[1] a) Dalby, S. M.; Paterson, I. Curr. Opin. Drug Discovery Dev. 2010, 13, 777; b) Yeung, K.-S.; Paterson, I. 
Chem. Rev. 2005, 105, 4237; c) Paterson, I.; Anderson, E. A. Science 2005, 310, 451. 
[2] Paterson, I.; Dalby, S. M.; Roberts, J. C.; Naylor, G. J.; Guzman, E. A.; Isbrucker, R.; Pitts, T. P.; Linley, P.; 
Divlianski, D.; Reed. J. K.; Wright, A. E. Angew. Chem. Int. Ed. 2011, 50, 3219. 
[3] a) Paterson, I.; Fink, S. J.; Lee, L. Y. W.; Atkinson, S. J.; Blakey, S. B. Org. Lett. 2013, 15, 3118; b) 
Yamada, K.; Ojika, M.; Ishigaki, T.; Yoshida, Y.; Ekimoto, H.; Arakawa, M. J. Am. Chem. Soc. 1993, 115, 
11020. 
[4] a) Paterson, I.; Maltas, P.; Anderson, E. A. Pure Appl. Chem. 2013, 85, 1133; b) Paterson, I.; Maltas, P.; 
Dalby, S. M. Lim, J. H.; Anderson, E. A. Angew. Chem. Int. Ed. 2012, 51, 2749.  
[5] Gerber, H.-P.; Koehn, F. E.; Abraham, R. T. Nat. Prod. Rep. 2013, 30, 625. 
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P1 
 

PERICYCLIC REACTIONS OF PHOSPHORUS COMPOUNDS: 
AN EASY ROUTE TO PHOSPHABULLVALENE 

 
Elizabeth V. Jennings, Malachi Gillick-Healy, Kirill V. Nikitin and Declan G. Gilheany. 
School of Chemistry and Chemical Biology, University College Dublin, Belfield, Dublin 

4, Ireland 
email: declan.gilheany@ucd.ie, elizabeth.jennings@ucdconnect.ie 

 

During our studies of the stereochemistry of nucleophilic attack on phosphonium salts, 
we required a series of bicyclic chlorophosphonium salts and their derived oxides, 
which we synthesised using an aluminium trichloride-assisted version of the 
McCormack cycloaddition reaction.[1] 

 
The aluminium trichloride was found to have two roles in this synthesis. Initially it 
forms a reactive-complex / ion-pair with the phosphine, and then it sequesters one of the 
chlorine atoms, preventing re-association and cycloreversion. Strong evidence for this 
sequence was obtained by synthesis (from the oxides) of the analogous 
chlorophosphonium chlorides, which cycloreverted in many cases. In the absence of 
cycloreversion, slow epimerisation of the salts was observed and its rate measured. 
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When cyclooctatetraene was subjected to the same reaction conditions, a remarkably 
different reaction was found to occur to give the phosphoryl analogue of bullvalene.[2] 
This could be run in near quantitative yield at scale (98%, 8 g). Like its all-carbon 
cousin, this continuously undergoes Cope rearrangements,[3] as do its derived 
halophosphonium salts. 
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[1] SooHoo, C. K., Baxter, S. G., J. Am. Chem. Soc., 1983, 105, 7443.  
[2] Doering, W. von E., Roth, W. R., Tetrahedron, 196, 319, 715. 
[3] Katz, T. J., Carnahan, J. C., Clarke, G. M., Acton, N., J. Am. Chem. Soc., 1970, 92, 3, 734.  

 



P2 
 
EXPLOITING NEW MOLECULAR TARGETS BEYOND DNA FOR 

THE DEVELOPMENT OF NOVEL CANCER 
METALLOCHEMOTHERAPEUTICS  

 

Ziga Ude, James Parker, Darren Griffith and Celine J. Marmion 
Centre for Synthesis & Chemical Biology, Department of Pharmaceutical and 
Medicinal Chemistry, Royal College of Surgeons in Ireland, Dublin 2, Ireland 
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There have been numerous drugs developed to decrease the detrimental effects of 
cancer. The first platinum-based anti-cancer chemotherapeutic, cisplatin, was granted 
clinical approval in 1979. To date, only cisplatin, carboplatin and oxaliplatin have 
gained full global approval as platinum-based anti-cancer therapies. The cytotoxicity of 
Pt drugs is attributed to their ability to bind DNA and induce apoptosis. Despite their 
enormous, their widespread application and efficacy is hindered by their toxic side 
effects, limited activity against many human cancers and susceptibility to acquired drug 
resistance.  
 
As a consequence, many investigations into new molecular targets which may present 
unique opportunities for therapeutic exploitation have been carried out. In recent years, 
histone deacetylase (HDAC) enzymes have been identified as novel cancer targets, the 
inhibition of which suppresses tumour cell proliferation. Suberoylanilide hydroxamic 
acid (SAHA) was the first HDAC inhibitor to receive FDA-approval in 2006 for the 
treatment of cutaneous T cell lymphoma. 
 
The Marmion research group within RCSI has designed and synthesised novel anti-
cancer bifunctional platinum drug candidates which possess both DNA binding and 
HDAC inhibitory activity.[1,2,3,4] Building on this research, we have been developing 
other HDAC inhibitors with a view to binding to platinum and other metals  and 
generating a library of novel metal-HDAC inhibitor complexes which may overcome 
the drawbacks associated with classical platinum drugs. A summary of results to date 
will be described. 
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P,N ligands are a highly successful class of ligands that have found extensive use in 
asymmetric reactions such as hydroboration, allylic alkylation and β-borylation.[1] Since 
the report of the axially chiral ligand Quinap (1) by Brown, there has been intense 
development of more modular syntheses of these systems.[2] Our group has reported the 
Quinazolinap (2) series which varies steric bulk at the 2-position of the quinazoline 
ring.[3] However there is scope for electronic variation of the phosphine which we aim 
to investigate.[4] Therefore the synthesis of a focused Quinazolinap library possessing 
electron rich phosphines would allow us to further probe the electronic effects of this 
ligand backbone. 
 

 
 

Figure 1: Axially chiral P,N ligands Quinap 1 and Quinazolinap 2 
 

The asymmetric A3 coupling has been studied by Knochel, Carriera and Aponick using 
axially chiral P,N ligands.[5-7] The three component coupling of an aldehyde, amine and 
alkyne produces propargylamines which are useful building blocks for the synthesis of 
chiral molecules.(Scheme 1)  This poster will outline our efforts in the synthesis and 
application of Quinazolinap ligands to the A3 coupling reaction. 
 

 
Scheme 1: Three component coupling of an aldehyde, amine and alkyne to form propargylamines. 
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Cryptococcus neoformans is an opportunistic fungal pathogen that causes severe 
diseases primarily in immunocompromised individuals (e.g. HIV positive patients).[1] 
C. neoformans is surrounded by a thick layer of capsular polysaccharides (CPSs), which 
are an important virulence factor. In order to investigate the immunobiological 
properties of the fungal CPSs and to develop glycoconjugate vaccines, chemically 
synthesised part structures of the fungal CPSs are required. 
Currently, we are focusing on the synthesis of structures related to serotype A and D of 
the glucuronoxylomannnan (GXM) CPSs. Our strategy is to use thioglycoside donors of 
varying size as building blocks in the construction of large oligosaccharide structures 
(up to pentadeca- and octadecasaccharides, see figure 1) in order to determine structure 
and minimum size of protective epitopes.[2, 3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic representation of spacer equipped serotype D structures. 
 
Herein, an improved synthetic pathway is presented to assemble a library of spacer-
equipped oligosaccharides corresponding to native GXM-structures. These were used to 
print a glycan microarray that will be screened with monoclonal antibodies to get 
information on the protective epitope structures. 
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The serendipitous discovery of the anti-cancer properties of cisplatin in the late 1960s 
and its subsequent clinical introduction inspired the scientific community to investigate 
the use of metal complexes for therapeutic exploitation. Over the decades, three 
platinum (Pt) drugs, namely cisplatin, carboplatin and oxaliplatin have dominated 
clinical oncology. Despite their enormous success, their widespread use is hindered by a 
number of issues including intrinsic or aquired drug resistance, dose-limiting toxicity 
and lack of selectivity for cancerous cells over normal cells. Alternative strategies are 
currently being employed to overcome these drawbacks. One involves incorporating 
metals other than Pt to generate novel chemotherapeutics with a mechanism of action 
and cytotoxicity profile different to classical Pt drugs. Another is to inhibit a class of 
enzymes known as histone deacetylases (HDAC). Suberoylanilide hydroxamic acid 

(SAHA) was the first FDA approved HDAC inhibitor to enter the clinic1.  
 
Our Group have developed novel Pt(II) anti-cancer drug candidates possessing dual 
DNA binding and HDAC inhibitory activity2,3. These drug candidates exhibit high 
cytotoxicity and enhanced selectivity for cancer cells over healthy ones. We are also 
developing novel mono- and hetero-nuclear complexes of HDAC inhibitors utilising 
metals other than Pt as potential anti-cancer therapeutics. Given the nano and picomolar 
in vitro cytotoxicity of Cu(II) complexes4, copper-HDAC inhibitor conjugates are in 
development. The rationale behind their development, their syntheses and their 
characterisation will be presented.   
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The cyclopropanation of olefins with diazomethane under palladium catalysis has the 
potential to be a powerful and versatile reaction, benefiting from low catalyst loadings 
and short reaction times.[1] However, the necessity of making and using diazomethane, a 
reagent well known for being explosive and fatally toxic, renders the process 
unappealing. While recent studies have shown that the in situ generation and 
consumption of diazomethane is possible in such systems, these processes either 
involve highly basic biphasic systems, limiting substrate scope,[2] or require expensive 
flow reactors.[3] 
 

R

CH2N2 (3-5 eq.)

(PhCN)2PdCl2 (1 mol%)

DCM, 0 oC to rt

TMSCHN2 (3 eq.)

L2PdX2 (1 mol%)

R'4N+HF2
- (1 eq.)

DCM, rt, 5 min

R

 
 
We present an alternative solution: trimethylsilyldiazomethane (TMSDAM), which, 
under optimised desilylative conditions, affords the same cyclopropane products as 
observed with diazomethane. These reactions proceed at similarly low catalyst loadings, 
and yield no trace of the undesired silylcyclopropanes. Mechanistically, pathways 
involving in situ generation of diazomethane,[4] or protodesilylation of an 
organopalladium intermediate can be envisaged, and studies to deconvolute the 
involvement of such processes are ongoing. 
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Asymmetric transition metal catalysed transformations have emerged as a powerful tool for 
the generation of stereocentres on the -position of carbonyls.1 However, one area in which 
this has proved more challenging is the formation of a tertiary centre containing an aryl 
group, mainly due to lability of the resulting stereocentre. Recently Stoltz reported a Pd-
catalysed decarboxylative asymmetric protonation of -alkyl and -benzyl ketones.2,3 Our 
research group has further developed this methodology to generate sterically hindered 
tertiary -aryl ketones in the first catalytic asymmetric synthesis of isoflavanones 1 
(Scheme 1).4 
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O
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Scheme 1 The first catalytic asymmetric synthesis of isoflavanones 1. 

 

Oxindoles are important scaffolds in many biologically active molecules.5 The vast majority 
of these include substitution at the 3-position. The focus of the current project is to expand 
the decarboxylative protonation to the asymmetric synthesis of -aryl oxindoles of type 2. 
We aim to investigate the influence of the steric bulk of the aryl group on the 
enantioselectivity of the related allylation to form oxindoles of type 3. This poster will 
highlight our recent progress in this area. 

 
Scheme 2 Catalytic asymmetric synthesis of oxindoles of type 2 and 3. 
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Synthetic routes providing facile access to either enantiomeric form of target compound 
are particularly valuable.[1] In organophosphorus chemistry, the need for flexible routes 
to non-racemic P-stereogenic compounds has been well rehearsed with significant 
applications in catalytic asymmetric synthesis.[2] We have been working on this problem 
for a long time.[3-6] We report here crystallisation–free dual resolution of phosphine 
oxides giving highly enriched (up to 94% ee) materials in excellent yields. Most 
significantly, both enantiomeric oxides have been prepared from a single intermediate, 
RP-alkoxyphosphonium chloride, which is formed in the course of selective dynamic 
kinetic resolution using a single enantiomer of menthol as chiral auxiliary. The origin of 
the dual stereoselectivity lies in bifurcation in the reactivity of this intermediate, 
working as stereochemical railroad switch. Under controlled conditions, Arbuzov-type 
collapse of this intermediate proceeds via C-O bond fission with retention of the P-
configuration. Conversely, alkaline hydrolysis of the P-O bond leads to the opposite SP-
enantiomer. 

inversion(RP)

PPh
Alk

Tol

OO

P

Ph
Alk Tol

(SP)retention

Ph
Alk Tol

P

O
t-BuOH,  60 °C NaOH, 0 °C

OH

Cl

(RP)

up to 90 % ee
> 95% yield

up to 94 % ee
> 95% yield

 

References: 

 
[1] J. Escorihuela, M. I. Burgette, S. L. Luis, Chem. Soc. Rev. 2013, 42, 5595-5617 
[2] O. I. Kolodiazhnyi, Tetrahedron: Asymmetry  2012, 23, 1-46. 
[3] E. Bergin, C. T. O’Connor, S. B. Robinson, E. M. McGarrigle, C. P. O’Mahony, D. G. Gilheany, 

J. Am. Chem. Soc. 2007, 129, 9566-9567; 
[4]  K. V. Rajendran, L. Kennedy, D. G. Gilheany, Eur. J. Org. Chem. 2010, 5642-5649; 
[5] K. V. Rajendran, D. G. Gilheany, Chem. Commun. 2012, 48, 10040-10042.. 
[6] K. V. Rajendran, J. S. Kudavalli, D. G. Gilheany, Eur.J. Org. Chem. 2012, 2720-2723. 
 



P9 
 

ENZIMATICALLY STABLE NAD+ ANALOGUES AS 
MOLECULAR PROBES FOR BIOLOGY 

 

Fernando de Prada Lopez* and Marie. E. Migaud 
John King Lab, School of Pharmacy, Queen’s University Belfast 

Belfast, 97 Lisburn Road, BT9 7BL 
 

email: fdepradalopez01@qub.ac.uk 
 

 

In recent years, our understanding of the roles and relevance of NAD+ inside the cell has been 

continuously increasing. NAD+ is now shown to regulate a vast number of enzymes and receptors 

through its chemical versatility. In particular, discoveries made in the last decade related to the Sirtuin 

family have linked this small molecule with ageing [1], the regulation of the circadian cycle[2] and even 

social behavior[3]. All these new and exciting discoveries have changed our understanding of NAD+ and 

its biosynthetic pathways in the different organelles. 

One main problem for biologists is the lack of appropriate molecular probes to help in the study of these 

new roles. To help with this, we plan to synthesize analogues that, while being stable to degradation 

mediated by phosphatase enzymes, are still active with the target enzymes.  Exchanging oxygen for 

sulphur in the pyrophosphate linkage is anticipated to result in an increased stability towards ADPR and 

NAD degrading pyrophosphatases[4]. Due to the pro-chirality of the phosphorus centers, such exchange 

will yield to a range of diastereoisomers, likely to exhibit different enzymatic stability. In order to 

increase the accessibility of such stable entity to the biology community, we are developing an efficient 

and versatile method that uses un-protected nucleosides and a range of phosphorylated molecules. 
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Biocatalysis boasts powerful catalysts with minimal impact on the environment. A recognised 

source of biocatalysts is enzymes from Halophilic Archaea due to the inherent tolerance to 

high concentrations of organic solvent.[1]  To date we have successfully identified and 

characterised several halophilic alcohol dehydrogenases.[2]  Alcohol dehydrogenase (ADH2) 

from Halobacterium sp NRC-1 was selected as a putative biocatalyst and is the focus of this 

project. The well-established overexpression system for his-tagged proteins in Haloferax 

volcanii  [3] was applied to generate a hexahistidine-tagged recombinant version of HsADH2 

(His-HsADH2). Herein is a report of our results to date regarding the kinetic characterisation, 

substrate specificity and solvent tolerance of His-HsADH2.[4] The enzyme was purified in one 

step by immobilised Ni-affinity chromatography (IMAC). His-HsADH2 was halophilic and 

mildly thermophilic. The enzyme was extremely stable, retaining 80 % activity after 30 days. 

His-HsADH2 showed preference for NADP(H) but interestingly retained 60 % activity 

towards NADH.  The enzyme displayed broad substrate specificity, with maximum activity 

obtained for 1-propanol. His-HsADH2 also accepted secondary alcohols such as 2-butanol 

and even 1-phenylethanol. In the reductive reaction, working conditions for His-HsADH2 

were optimised for acetaldehyde and found to be 4 M KCl and pH 6.0. His-HsADH2 

displayed intrinsic organic solvent tolerance, which is an attraction for biotechnological 

applications. 
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(-)-Malyngolide is a bioactive marine natural product from Moorea producens, a 
blue-green marine algae cyanobacterium, and displays antimicrobial activity. 
This natural product contains a δ-lactone core as its main structural feature. 
Recent discovery of a ZrCl4-mediated δ-lactone forming reaction within our 
group1 has led to the asymmetric synthesis of lactone- and 6,8-
dioxabicyclo[3.2.1]octane-containing natural products,2-4 including (+)-tanikolide 
and four analogues.5 Under microwave irradiation ZrCl4 efficiently forms 6-
methoxytetrahydropyrans via deprotection of 1,3-dioxane/dioxolane rings. 
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Due to its structural similarity with (+)-tanikolide, analogues of (-)-malyngolide 
(1-4) were targeted in this project to extend the scope of this new cyclisation 
methodology. These analogues shift the native C2-methyl group to the C3-
position, while the stereochemistry at both the C3- and C5-positions is varied to 
yield all four possible diastereomers. Presented here is a summary of work 
completed to date towards the synthesis of the four targeted analogues. 
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  Zwitterionic polysaccharides, such as that found in Streptococcus pneumoniae 
type 1 capsule polysaccharide (CPS) (Fig. 1), display unique T-cell activating 
properties.[1] To investigate this immune response in more detail, well-defined part 
structures of the CPS are required. Recently other groups have reported the synthesis of 
the trisaccharide repeating unit and a dimer of this.[2] 
 In our approach, we have developed a stereotunable donor for the 2-acetimido-
4-amino-2,4,6-trideoxygalactopyrose moiety with the use of a 2,3-N,O-oxazolidinone 
group in controlled acidic conditions. A pre glycosylation oxidation approach and a post 
glycosylation oxidation approach to the target trisaccharide have also been investigated. 
The synthesis has the added advantage of a removable linker at the reducing end 
allowing for further chain extensions to larger structures. 
 

 
  Figure 1: Capsular repeating unit of Streptococcus pneumoniae type 1  
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In the US, approximately 60% of staphylococcal infections in hospitals are now caused 
by methicillin-resistant Staphylococcus aureus (MRSA).[1] Therefore, it is important 
that new antibiotics are developed, while those already in use, such as the antibacterial 
peptide nisin, are modified to become more stable and effective. A key feature in the 34 
peptide chain of nisin, is the dipeptide lanthionine, which is involved in the formation of 
the ring structures that are vital for its biological mechanism of action.[2] 
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Figure 1: Synthesis of lanthionine using protected cysteine and dehydroalanine residues 

 
Currently, the main lanthionine syntheses in the literature involve the use of reactive 
compounds, such as protected bromoalanines or iodoalanines which can readily 
dehydrohalogenate to give dehydroalainine (Dha), which leads to an unwanted 
diastereomeric product.[3] This project, to date, has focused on the non-stereoselective 
synthesis of a lanthionine (Figure 1). The aim now is to use chiral organocatalysts, such 
as bifunctional thioureas derived from cinchona alkaloids, to promote the 
stereoselective synthesis of lanthionines, using more easily synthesised and stable 
starting materials. 
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Figure 2: Chiral bifunctional thiourea organocatalyst derived from cinchona alkaloids[4] 
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Actinoplanes caeruleus produces 67-121C (1), an antifungal heptaene macrolide that is 
glycosylated with a mannosyl-mycosamine disaccharide.  Draft sequencing of the 
genome of this organism was carried out to identify the extending glycosyltransferase 
that catalyses addition of the second sugar residue. [1, 2]  In this project, an improved 
genome sequence was obtained.  This has yielded most of the sequence of the 21-
module polyene polyketide synthase.  Examination of ketoreductase domain sequences 
has allowed prediction of the stereostructure of 67-121C, which has not been 
determined by chemical methods.  Further genome annotation has revealed several 
biosynthetic gene clusters for potentially valuable natural products.  These include 
mannopeptimycin, an antibacterial non-ribosomal peptide, and sibiromycin, a 
glycosylated pyrrolobenzodiazepene with anti-cancer activity.  The most interesting 
cluster contains biosynthetic genes for a previously unknown enediyne.  Work on this 
compound is in progress.    
 
 

1

 
 

Figure 1.  Predicted stereostructure of 67-121C 1 
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Nicotinamide adenine dinucleotide (NAD+) is an essential biological co-factor that is 
used by a variety of enzymes as a source of adenosine diphosphate ribose (ADPR) [1], 
and affecting its concentration within the cell has been shown to change the activity 
levels of these enzymes.  Mice on a high-fat diet were protected from the adverse effects 
of obesity by increasing their intracellular NAD+ concentration through doses of 
nicotinamide riboside (NR), which increased their sirtuin activity [2].  Further study is 
needed on these effects, particularly on what compounds are capable of producing such 
a response.  Precursors such as nicotinamide mononucleotide (NMN) are incapable of 
crossing the cell membranes without modification, due to the charges on their phosphate 
groups, and are usually synthesised within the cell from other compounds such as NR 

[3].  The study of these compounds action within the cell will influence future drug 
design, and as such accurate tools are required to enable their delivery to the desired 
location in a known amount [4]. 
 
This project focuses on the use of various nanoparticle types to facilitate transport of 
these compounds into the cell in a known amount and to a desired location.  Covered 
here are the methods used to entrap the NAD+ precursors, as well as analysis of the 
particles size and charge, and finally the level of entrapment of each NAD+ precursors.  

 
 

                   [4] 
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Strains of the gram-positive bacterium Lactococcus lactis play a significant role as starter 
cultures within dairy fermentation. The bacterium is encased in a polysaccharide pellicle 
which acts as a protective barrier against host phagocytosis, however provides an array of 
receptors for bacteriophages.[1] 

 
Lactococcal bacteriophages, commonly found in raw milk, are known to be a major cause of 
fermentation failure.[2] Bacteriophage infection generally results in cell death and, 
consequently, fermentation collapses which can lead to huge economic loss. 
 
Our aim is to synthesise compounds which will allow the investigation of the carbohydrate-
protein interaction between lactococcal phages and the polysaccharide receptors of L. lactis 
pellicles. Here we report the block synthesis of a conserved L. lactis pellicle trisaccharide 
(Figure 1), and derivatives thereof. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Conserved core trisaccharide of an L. lactis pellicle 
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A comparative study was undertaken of synthetic routes for the resolution of P-stereogenic 
phosphorus compounds using menthol as the source of stereoselectivity through its nucleophilic 
reactivity towards the phosphorus centre.  

First Methodology:  Direct addition of the chiral auxiliary to a P(III) or P(V) centre where the 
chiral auxiliary remains attached to the stereogenically resolved P(V) product. 1 

   

 

 

 

 
 

Second Methodology: Racemic P(V) starting material is converted to a chlorophosphonium salt 
(CPS), which undergoes dynamic interconversion of enantiomers. Reaction with menthol gives a 
diastereomerically enriched phosphonium salt, which may then undergo Arbuzov collapse to 
give enantiomerically-enriched starting material with loss of the chiral auxiliary.2 
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A complication is that the phosphinamides are sensitive to acidic conditions where the menthyl 
and amine group compete as leaving groups during Arbuzov collapse. 
                                                            
1 Korpium, O.; Lewis, R. A.; Chickos, J.; Mislow, K., J. Am. Chem. Soc., 1968, 90(18), 4847‐4853. 
2 Rajendran, K.V.; Gilheany, D. G., Chem. Commun. 2012, 48, 10040‐10042. 

Route X A B C 

1 lp iPrMgCl HOMen H2O2 

2 lp HOMen iPrMgCl H2O2 

3 O iPrMgCl HOMen / 

4 O HOMen iPrMgCl / 

Order of substitution at phosphorus is shown to affect selectivity. 
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Phosphorodiamidites and their derivatives are of particular interest especially in relation to 

oligonucleotide synthesis.   Unfortunately, the synthesis of phosphorodiamidites and their 

analogues, particularly on a large scale is hampered by their high instability to air and moisture 

as well as the instability of their synthetic precursor, phosphorus trichloride (PCl3).  Ionic 

liquids (IL’s) are low volatility solvents which are being increasingly used as popular 

alternatives to molecular solvents, where they have been shown to provide a unique medium to 

enable the synthesis and stabilisation of hydrolytically unstable phosphorus reagents.[1] 

Herein, we demonstrate ionic liquids based on the bis[trifluoromethyl)sulfonyl] imide [NTf2]
- 

anion provide a suitable environment for the novel one-pot synthesis of a series of 

phosphorodiamidite and phosphoramidite reagents.  In addition to providing a stable 

environment for the synthesis, the ionic liquids could be utilised as storage media for these 

reactive materials. 

The enhanced stability of these phosphorodiamidite reagents in the ionic liquids, in particular 

[C6mim][FAP], has enabled their use in the synthesis of both known and novel nucleoside 

phosphoramidites in high yield.  This was achieved with the use of a novel mechanochemical 

procedure, which negated the need for solvent, greatly enhanced reaction rates and removed the 

need for extensive work-up procedures.  These nucleoside phosphoramidites have the potential 

to be incorporated into automated oligonucleotide manufacture, where enhanced coupling rates 

may be achieved. 
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η3-Allyl palladium(II) complexes are key intermediates in palladium-catalysed asymmetric 
allylic alkylation. The stereospecificity of both the oxidative ionisation and nucleophilic 
addition steps can be controlled; isomerisation of the η3-allyl palladium(II) complex results in 
loss of the substrates stereochemical information and a reduction in e.e. is observed. Several 
mechanisms are known for the palladium(II)-catalysed isomerisation of these complexes, 
however the palladium(0)-catalysed process proposed by Backvall, 2 figure 1, is less well 
known.  

 
Figure 1: Palladium(0) catalysed isomerisation of η3-allyl palladium(II) complexes 

The kinetics of the scrambling of isotopically labelled η3-cyclohexenyl palladium and d3-η
3-

cyclohexenyl 108palladium complexes, and the isomerisation of 1-cis to 1-trans in the 
presence of a substoichiometric source of palladium(0) is being studied using mass 
spectroscopy and NMR. The relative rates can used to infer information about the 
mechanism. 
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The preparation of enantiopure compounds is an indispensible area of research in 
modern chemistry. To this end, the use of readily modifiable chiral donor ligands 
coupled with metal catalysts has emerged as one of the most popular strategies for 
asymmetric synthesis.1 
 
In this poster we describe the preparation of a range of novel ferrocene oxazoline 
ligands bearing both central and planar chirality (Ligands A - D). Central chirality is 
obtained from the chiral pool in the form of (S)-valine and planar chirality is installed 
via a highly diastereoselective directed ortho-lithiation.2 Studies of this lithiation were 
initiated in order to provide insight into the source of diastereoselectivity and some 
preliminary results are presented.  
 
  
 
 
 
 
 
 
 
 
 
 
 
The effect of these ligands on catalytic activity and enantioselectivity was investigated 
utilizing the diethylzinc addition to aldehydes as a model reaction.3 We then applied our 
ligand class in the more challenging diphenylzinc addition to aldehydes.4 The effect of 
planar chirality on enantioselectivity was also investigated with ligands A and C, as was 
the effect of additional steric bulk offered by tri-substituted ferrocene ligands B and D. 
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The development of novel antibiotic analogues is vital in the fight against microbial 
resistance. One area of interest currently being researched is the development of 
peptides, with known bioactivity, into novel antibiotics.[1] Nisin, a natural polycyclic 
peptide lanthipeptide of 34 amino acids, containing 5 rings (A-E), is currently used as a 
food preservative in dairy, meat and tinned food products.[2] It is an antimicrobial agent 
against Gram positive bacteria, but is unstable at physiological pH; in part due to the 
reactive dehydroalanine residue at position 5 in the A ring.[3] Development of nisin 
analogues with enhanced stability, while also maintaining high bioactivity, would 
greatly enhance the possible use of a nisin analogue as an antibiotic. 
 

One project aim is to synthesise analogues of the A and B rings of nisin (Figure 1) by 
replacing Dha 5 in the A ring using solid phase peptide synthesis (SPPS). The 
conformational properties of these nisin analogues will be examined by using a range of 
NMR techniques, as well as molecular modelling. Details of our synthetic efforts to date 
will be presented. 

                    

 

 

 

 

 

 

 

Figure 1: Structures of the A and B ring analogues of nisin attached to a solid support. 
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Sirtuins are NAD+ dependent enzymes that deacetylate proteins, thus regulating their activity 
or physiological roles in cells. An increase in sirtuins’ activity through increased intracellular 
NAD+ concentration, has been shown to have beneficial effects in a number of age-related 
diseases such as type 2 diabetes and obesity as well as neurodegenerative diseases like 
Alzheimer’s disease and Parkinson’s disease.[1] This project looks at synthesizing a series of 
phosphorylated NAD precursors in a form which can by-pass cellular barriers.   
 
Two key intermediates in the NAD+ salvage pathways are nicotinamide riboside (NR) and 
nicotinamide mononucleotide (NMN).[2] NMN differs from NR by the presence of a 
phospho-monoester moiety introduced by a specific kinase. The negatively charged 
phosphate group results in NMN being unable to cross cell’s and organelles’ membranes. As 
a result, these two molecules employ different transport mechanisms, yielding to different 
biological properties and cellular distribution. Methods to deliver phosphate containing 
molecules such as antivirals as masked entities have been developed by McGuigan and 
Meier, which are ProTides[3] and cycloSal pronucleotides.[4] With the cycloSal approach, 
the free monoester nucleotide is released through a pH driven mechanism.[5] The 
monophosphorylated compound can therefore be intracellularised and bypass the rate limiting 
step often associated with kinases. The project describes the approaches and the syntheses of 
a series of cycloSal NMN derivatives that can aid the increase of NAD+ concentrations and 
thus mediate sirtuin activity. 
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One of the most important problems amongst current antidepressants (ADs) is their 
delayed onset of action, resulting in a dramatic increase risk for suicidal behaviour. It is 
now accepted that although monoaminergic dysfunction is a useful element of the 
neurobiological basis of depression, it is not the entire component. Recently, a growing 
number of neurobiological theories have emerged to explain its pathology, with many 
associated to signalling pathways. Further advancement and expansion into these 
theories may give additional opportunities to develop effective and sustainable ADs.[1]  
 
Previous work in Rozas’ lab in the development of families of aromatic guanidines 
illustrated discrepancy between agonist or antagonist activity.[2-5] Computational 
modelling carried out within the group suggested that steric substitution at the cationic 
centre will favoured antagonist activity, this was confirmed via in vitro [35S]-GTPγS 
binding functional assays, giving consistent antagonist or inverse agonist activity.[6] 
Pyridine analogues were developed, creating a pseudo bicyclic system stabilised via 
intramolecular hydrogen bonds. Encouragingly this alteration was favourable for 
antagonism by restricting the number of possible conformations of the molecule. Thus, 
it seemed rational to create actual bicyclic guanidine analogues to further investigate if 
changes in conformational control will further improve binding affinity. 
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The use of enantiomerically pure phosphine ligands in asymmetric catalysis is a popular 
strategy for asymmetric synthesis.[1] In Gilheany laboratory a new, simple, and cost-
effective methodology has been developed in synthesizing enantioenriched tertiary P-
stereogenic phosphines, phosphine boranes and phosphine oxides under both 
asymmetric Appel and reverse Appel reaction conditions.

[2-4] Here, we have investigated 
the effects on the outcome of the reactions of the aryl substituents in 
aryl(methyl)phenylphosphine derivatives by measuring the diastereomeric excess (de) 
of the intermediate diastereomeric alkoxyphosphonium salt (DAPS).[5] Further, the 
DAPS could be stereospecifically reduced using LiBH4 to give scalemic phosphine 
borane directly. Achiral reduction of the precursor chlorophosphonium salt CPS using 
LiBH4 was also demonstrated.  It was found that the substitution at the ortho position 
strongly affects the degree of stereoselection. However, there was no variation of 
stereoselectivity with the electronic effects of the para substituents. 
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Sialic acid is a generic term for N or O substituted neuraminic acid, which encompasses a 
family of sugars containing nine carbons. They are abundant in mammalian tissues and 
microbes, and specific families of proteins are involved in their recognition[1]. Such interactions 
are important for regulating immune responses to bacterial proteins, viral/bacterial 
pathogenicity, and the inflammatory response. It has also been documented that a particular 
form of sialic acid, N-Glycolylneuraminic acid (Neu5Gc), promotes the malignancy of some 
carcinomas[2]. Indeed, it has been shown that some tumour suppressor genes act by modulating 
glycosylation and lectin expression. 
 
Other lectins known to play a role in cancer development are the galectins[3]. Galactose, 
inparticular β-galactosides, are the natural ligands of galectins. Galectins are sugar binding 
proteins that are abundant within all organisms and have roles in autoimmune and inflammatory 
responses as well as being linked to tumour development and progression. They regulate mRNA 
processing, apoptosis, cell-cell and cell-matrix interactions. Their role in such essential cellular 
functions highlights the biological and potential therapeutic importance of protein/carbohydrate 
interactions. 
 
In nature, many carbohydrates are found in mixtures that are variously conjugated to different 
natural scaffolds[4]. This magnifies the challenges of decoding these receptor ligand interactions 
because of the difficulty in precisely identifying the relevant carbohydrate structures involved. 
The binding specificity of lectins are subtle, with small changes in the valency, presentation, or 
structure of their carbohydrate ligands often resulting in major differences in binding affinity[5].  
 
Well defined libraries of sialic acid and galactose derivatives will be synthesised for structure-
activity investigations. They will consist of collections of monomeric, polymeric and 
glycoconjugate compounds that will be used to enable fundamental advances in several 
biological research areas. These structures are therefore essential tools that will be used in a 
wide range of cellular functions and disease models. They represent not only tools for scientific 
discovery, but also potential therapeutic agents. 
 
References: 
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Substituted cyclopentanes are versatile structures found in a large number of natural products, as 
well as many pharmaceutical agents. This makes them a key target for intermediates in 
synthesis. Unfortunately, many problems occur in current approaches to these molecules, 
particularly when attempting to functionalise various points around the ring, and when aiming to 
control multiple stereocenters.  
 
Initial work focused on the development of an 
intramolecular Sakurai reaction1 leading to a 5-
exo-trig cyclisation of easily accessible 
allylsilanes2 at aldehyde oxidation level 
(Scheme 1) to form exclusively the anti-, anti- 
product from the mono-substituted allylsilanes. 
It is well established the Claisen rearrangement can occur under Lewis acidic conditions.3 
However, there is only one example in the literature of a tandem Claisen-Sakurai reaction.4 It 
was found that addition of diethylaluminium chloride to the allyl vinyl ether led to complete 
conversion to the cyclised product (Scheme 2 A), as a mix of diastereoisomers. This has since 
been improved (~20:1, substrate dependent) without a drop in yield. 
 Complementary to this, the opposite diastereoisomer can be accessed through use of a (Z)-
Claisen followed by a Sakurai reaction. 

Through further manipulation of the conditions for the steps proceeding cyclisation, it is also 
possible to obtain the anti-, syn- cyclopentenol. Work continues into conditions leading to the 
syn-, syn product (Fig. 1).  

  
 Investigation into the cyclistion of γ–disubstituted allyl 
silanes to form the corresponding spirocycles continues. 
 
 
In order to demonstrate the utility of this reaction, work has begun into the total synthesis of 
natural products, Communiol E and F. 
 
1. Hosomi, A.; Endo, M.; Sakurai, H., Chem. Lett. 1976,  941-2. 
2. (a) McLaughlin, M. G.; Cook, M. J., Chem. Commun. 2011, 47, 11104-11106; (b) McLaughlin, M. G.; 

Cook,  M. J., J. Org. Chem. 2012, 77, 2058-2063; (c) McAdam, C. A.; McLaughlin, M. G.; Johnston, A. J. 
S.; Chen, J.; Walter, M. W.; Cook, M. J., Organic & Biomolecular Chemistry 2013, 11, 4488-4502. 

3. Castro, A. M. M., Chem. Rev. (Washington, DC, U. S.) 2004, 104, 2939-3002. 
4. (a) Paquette, L. A.; Borrelly, S., ChemInform 1996, 27, no-no; (b) Paquette, L. A.; Ladouceur, G., J. Org. 

Chem. 1989, 54, 4278- 



P27 
 

PHOSPHORYL DEOXYGENATION WITH LiBH4 : 
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Deoxygenation of phosphoryl (P=O) species featuring a P-heteroatom (P-N or P-O) 
bond is exceedingly difficult. With common reductants (e.g. LAH or silane) there is 
concomitant loss of the more reactive P-N or, especially, P-O single bond.  Until our 
recent work, no useful method for such transformations had been reported.  
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We reported recently1 a convenient method (shown above) for deoxygenation of 
aminophosphine oxides (containing ≥ 1 x P-N bond). Its success lies in the generation in 
situ of a chlorophosphonium salt (CPS) intermediate, through chemoselective reaction 
with oxalyl chloride; followed by reduction with an alkali metal borohydride. The 
product is the air-stable, borane-protected aminophosphine, which is easily deprotected. 
A similar method was also developed (below) for stereospecific reduction of tertiary 
phosphine oxides.2 Here, reaction with methyl triflate generates an alkoxyphosphonium 
salt, again reduced in situ to borane, with preservation of enantiomeric excess. 
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This success prompted us to try the apparently impossible reaction – breaking P=O in 
the presence of P–O.  And we were delighted to be able to achieve P=O deoxygenation 
of phosphinates (below). Interestingly, for reasons not yet understood, isopropanol has 
been found to be very important in the second step for full conversion to borane. 
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The technique was also demonstrated for phosphinamidates (1 x P-O & 1 x P-N bonds). 
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[2]          K. V. Rajendran, D. G. Gilheany, Chem. Commun., 2012, 48, 817 



P28 
 

NOVEL HOST DEFENSE PEPTIDE PRODRUGS: EVALUATING 
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Background: Host defence peptides (HDPs) are short antimicrobial peptides that are 
part of the innate immune system.  Deficiencies in HDPs can lead to enhanced 
susceptibility to infections, e.g. in cystic fibrosis (CF) and their development as 
antimicrobial therapeutics is limited by cytotoxicity. Three novel HDP-based peptide 
prodrugs were designed so that their positive charge, which contributes to their 
antimicrobial activity, was masked by a promoeity containing a substrate for the 
enzyme neutrophil elastase (NE).  This approach facilitates selective activation by NE 
in vivo.  
Methods: HDP-prodrugs were synthesised using L- and D-amino acids. Enzyme-
lability was investigated using HPLC and MALDI-TOF with purified NE. The 
susceptibility of Pseudomonas aeruginosa to the parent and prodrug peptides were 
compared in the presence and absence of NE-rich CF human bronchoalveolar lavage 
(BAL) fluid and in different concentrations of NaCl. The effect of the promoiety on 
HDP cytotoxicity was determined using the MTT cytotoxicity assay with cystic fibrosis 
bronchial epithelial (CFBE41o-) cells. 
Results: NE in CF BAL fluids (range up to 48.32μg/ml) activated the HDP-prodrugs, 
restoring the bactericidal activities of their parent peptides towards reference and 
clinical isolates of P. aeruginosa. However, activation also required the addition of 300 
mM NaCl. Bactericidal activity varied between HDP-prodrugs with the greatest activity 
found for pro-P18.  Cytotoxic effects on CFBE41o- cells were reduced by the addition 
of the promoiety to the HDPs. 
Conclusions: Selective activation by a host disease-associated enzyme at 
concentrations within the ranges of CF lung was demonstrated here. The promoeity was 
successful in reversibly-reducing antimicrobial activity and reducing cytotoxicity. This 
approach may lead to the development of novel HDP therapeutics, with low toxicity, 
that function in the challenging conditions of the CF lung. 
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The need for a robust and facile route to chirally pure optically active phosphines has 
been exemplified by advances in the use of phosphines as chiral ligands. Our group has 
previously reported the asymmetric synthesis of phosphines, oxides and boranes under 
Appel conditions.1 As part of our investigation into this process we sought to explore 
the origins of stereoselection in order to improve the enantiomeric excess and substrate 
scope, both limited to date. 

We now hypothesise that stereoselectivity arises from the reaction of a chiral auxiliary 
(e.g. menthol) with a rapidly racemising chlorophosphonium salt (CPS) and results in 
the formation of diastereomeric alkoxyphosphonium salts (DAPS). We designed a study 
to probe this stereoselection in a consistent manner by measuring the de (by 31P NMR) 
obtained from a variety of enantiopure commercial chiral alcohols at 0 °C. Furthermore 
we have carried out a focused study to screen a variety of synthetic racemic alcohols to 
determine the de in the same manner. 
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The racemic auxiliary approach has allowed us to access previously untested 
cyclohexanols. The ability to vary the structure (e.g. R = Alkyl, Aryl, Hal) without 
lengthy enantioselective synthesis and measure selectivity has allowed us to probe 
directly the impact of sterics on stereoselection in a cost and time effective manner. 
These results have led to improvement in stereoselection from 82% to >90% under our 
standard conditions (-78 °C) and further studies are being carried out to understand fully 
origin of stereoselectivity. 

 
[1] Bergin, E.; O' Connor, C. T.; Robinson, S. B.; Mc Garrigle, E. M.; O' Mahony, C. P.; Gilheany, D. G., 

J. Am. Chem. Soc. 2007, 129, 9566; Rajendran, K. V.; Gilheany, D. G. Chem. Comunn. 2012, 80, 
10040 
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The field of asymmetric organocatalysis has enjoyed an exceptional amount of growth 
since the year 2000. The seminal work of Barbas[1] and MacMillan[2] highlighted the 
benefits offered to chemical synsthesis and chemical biology associated with the ability 
of small, strictly organic, catalytic systems to introduce new desired elements of 
chirality, using simple activation modes (Fig. 1). 
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Figure 1: Enamine and iminium ion activation modes. 

 

A persistent problem within the field however, is the frequent requirement for high 
catalyst loadings. As a result, one aspect of this project aims towards investigating 
mechanistic factors which may highlight areas that could be altered to afford more 
efficient systems. To date our work has focused on the use of computational methods to 
elucidate the relative conformational energies of a series of prolinamide and 
diarylprolinol silyl ether derived intermediates. NMR studies are also being used to 
investigate the favoured intermediate formations associated with the prolinamide 
catalysed asymmetric Micahel addition of aldehydes to nitroolefins. 
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Heparin and heparan sulfate (H/HS) are glycosaminoglycans consisting of 
alternating disaccharide units of uronic acid (D-glucuronic or L-iduronic 
acid) 1,4-linked to D-glucosamine and with varying O- and N-sulfation 
patterns.  These structures have been shown to interact with numerous 
proteins in processes including cell adhesion, viral invasion, cell 
differentiation, and of particular interest to our research, blood coagulation. 

We have developed methods to prepare regioselectively acylated ethyl 

thioglycosides of -D-GlcA(14)-2-azido-2-deoxy-D-Glc from cellobiose 
to be used as disaccharide building blocks in the synthesis of H/HS 
structures. Investigations will be presented into the coupling of these 

disaccharide building blocks to afford -linked tetra- and hexasaccharides 
(Fig. 1). Although both donor (2-azido) and acceptor (uronic acid) are 
deactivated, conditions could be found to achieve glycosylations in high 

yields and good -selectivity. 
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5’-Nucleotidases belong to a large superfamily of metallophosphoesterases containing a 
dinuclear bimetal centre. This superfamily comprises phosphatases with remarkably different 
substrate specificities, including protein phosphatases, nucleotidases, and nucleases. 
Haemophilus influenzae, an opportunistic gram-negative pathogen causing otitis media and 
respiratory tract infection in humans, has developed the capability to exploit host NAD(P) for 
its nicotinamide dinucleotide requirement. This strategy is organized around a periplasmic 
NAD-nucleotidase (HiNadN), which plays a central role by degrading NAD into adenosine 
and nicotinamide riboside (NR), the latter being subsequently internalized by a specific 
permease. The crystal structure of HiNadN provided us with information for the design of 
new inhibitors potentially useful as novel antibacterial agents. The information we obtained 
will also be used to target the NadN human ortholog CD73, an ecto-enzyme member of the 
5’-nucleotidases, that is involved in several human diseases including cancer. In this work, 
we have analyzed a library of 50 potential nucleotide-mimicking inhibitors and performed a 
biochemical and structural characterization of HiNadN in complex with the best inhibitor, [1-
hydroxy-1-phosphono-3-[1-[2-(pyridine-3-carbonylamino)ethyl]triazol-4-
yl]propyl]phosphinate (HPPyCETYPP), that showed a Ki = 5.3 μM. 
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Scheme 1 Proposed bisphosphonate compounds as NADN inhibitors 
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The study of drug metabolism is an important aspect of drug development and drug 
discovery. Metabolites are intermediates and products of transformation reactions that occur 
in vivo. Drug metabolism is generally studied in animal models and cell cultures but can also 
be conducted using microbial models. Drug development companies require access to drug 
metabolites, which typically involves classical organic synthesis. However, microorganisms 
such as fungi can be employed as biocatalysts for the production of drug metabolites and 
avoid the waste issues associated with chemical processes.  The fungus Cunninghamella 
elegans can be used as a microbial model of mammalian metabolism and studies have shown 
that the fungus Cunnignhamella elegans can metabolise flurbiprofen in the same manner as 
humans1.  This project aims to develop an immobilised fungal biocatalyst to enable up-scaled 
production of drug metabolites.  

 

 

 

 

 

                                                            
1 Amadio J, Gordon K, Murphy C, Applied and Environmental Microbiology (2010) 76: 6299-6303. 
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Phosphido-magnesium-halide species, known as phospha-Grignard reagents, have been 
proposed as reaction intermediates for over 50 years but no direct evidence of their 
formation existed before the recent isolation of an exotic bis(trimethylsilyl)phosphino 
magnesium bromide species which crystallised as a dimer.[1, 2] When compared to the 
relative ease of formation of other metal phosphides, and even bisphosphido magnesium 
species, phospha-Grignard reagents remain illusive without adequate explanation. 
 
We proposed phospha-Grignard species to be key intermediates in our work with cyclic-
polyphosphines, but, as with previous workers, we did not observe phospha-Grignard 
species directly. We observed a novel, extended Schlenk equilibrium to exist in solution 
with phosphido-magnesium-halide decomposing to diphosphine and magnesium 
subhalide as the kinetic product, then slowly forming bis(phosphido) magnesium as the 
thermodynamically favoured product. 
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We investigated these novel reductive elimination/oxidation insertion reactions by: 
independant synthesis of diphosphine through metalation of secondary phosphine to form 
phospha-Grignard (entering the equilibrium at C observing B); by observing the 
formation of bis(phosphido) magnesium through refluxing an equimolar mixture of 
diphosphine, magnesium metal and magnesium dihalide (entering the equilibrium at A 
and observing D).  
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There is an interest in the scientific and industrial communities to develop better routes 
to functionalised organic chemicals, based on the use of catalytic technologies and of 
atom efficient reagents. One way to develop better synthetic routes is the use of 
enzymes, due to their high activities and selectivities, non-aggressive reaction 
conditions and their renewable origin. However, the scope of application of enzymes is 
limited by their natural evolution. To expand this application range, one strategy is to 
incorporate into their scaffold chemical functionalities with no equivalent in nature.[1, 2] 
This research addresses a timely and fascinating question for enzyme study and 
application: can we design enzymes capable of performing ANY desired chemical 
transformation? 
 
Our approach is to use the native metal-binding sites of naturally occurring 
metalloenzymes, in order to introduce non-native metals with catalytic functionality. 
Our current focus is the replacement of the zinc ion in the active site of alcohol 
dehydrogenases, to introduce second and third row transition metals and assess their 
reactivity towards the reduction of imines.  
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Colorectal cancer is a major cause of death and disease both in Ireland and worldwide. 
Specifically in Ireland in 2010 colorectal cancer; (i) was the second most commonly 
diagnosed cancer (13%), (ii) the second most common cause of cancer death (11.3%) and 
(iii) was responsible on average for 13.6 years of life lost to cancer. Unfortunately the 
numbers of colorectal cancer cases in Ireland are projected to increase by 34% in women 
and 45% in men between 2010 and 2020. Current treatment options depend on the stage 
of the cancer but can generally include surgery, radiotherapy and chemotherapy. 
Oxaliplatin, a platinum (Pt)-based compound plays a very important and well documented 
role in treating colorectal cancer.[1] The cytotoxicity of Pt drugs is attributed to multiple 
mechanisms but primarily their ability to enter cells, hydrolyse and covalently bind DNA, 
causing the formation of DNA adducts. These events can lead to DNA damage responses 
and ultimately programmed cell death, apoptosis. The clinical efficacy of Pt drugs is 
limited however by drawbacks, such as toxicity, but primarily by the high incidence of 
chemoresistance (intrinsic or acquired). [2] Since many colorectal cancers are intrinsically 
resistant to platinum-based therapies there is an urgent need to develop novel and 
innovative therapeutic strategies for combating colorectal cancer. 
 
Much research has been undertaken to identify novel biomolecular targets for anti-cancer 
therapeutic exploitation. The HSP70 family of heat shock proteins are highly conserved 
molecular chaperones whose expression is increased by cells in response to a variety of 
cellular stresses. HSP70-1 is overexpressed in colorectal cancer, amongst other cancers, 
and is associated with cancer progression, chemotherapy resistance and poor prognosis as 
it is thought to provide cancer cells with a survival advantage.[3] HSP70-1 is therefore an 
exciting and legitimate anti-cancer target. In addition given HSP70-1 is overexpressed in 
cancer cells relative to normal cells inhibition of HSP70-1 activity should induce a 
selective effect.  
 
Consequently, we wish to develop novel platinum HSP70-1 inhibitor drug candidates as 
potential alternative treatments for colorectal cancer. A summary of our results to date 
will be described. 
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