
Naughton Fellowship 

Title: Asymmetric synthesis of pharmaceutically important -lactones. 

Project Description: 

Dr. Kerrigan’s research group is interested in the development of new organic synthesis methods that can 

be employed to access complex molecules with compelling pharmacological properties.  The development 

of new methods which provide access to pharmaceutical drugs is of immense importance to society, 

especially with regard to improved healthcare.  The proposed work seeks to develop new efficient routes 

to a key molecule, known as a -lactone, which can act as a springboard to pharmaceutical drug molecules 

as well as providing the core of many natural products of biomedical interest and drug molecules. This 

proposal outlines plans for the asymmetric synthesis of -lactones from readily available and inexpensive 

sulfoxonium salts.   

The importance of -lactones stems from the fact that they are often integral features of pharmaceutical 

drug molecules, and moreover can be used as intermediates for the synthesis of other complex molecules.  

However, stereoselective methods for the synthesis of -lactones, especially 3,4-substituted lactones, are 

rare and often involve lengthy multistep approaches, limited substrate scope, and compromised 

diastereoselectivity or enantioselectivity.  We have recently developed a method for the highly 

diastereoselective synthesis of 3,4-substituted -lactones, through the reaction of nucleophilic 

enediolates with electrophilic vinyl sulfoxonium salts.   We propose investigating two different strategies 

for the development of an enantioselective method.   

We have had initial success (enantiomeric excess up to 91%) investigating enantioenriched sulfoxonium 

salts in combination with chiral Koga amines as ligands, and these studies will continue.  Inexpensive 

catalytic asymmetric approaches will also be explored, e.g. utilizing BH3.SMe2/Binaphthol as catalyst.   

Ultimately, utility of the proposed methodology will be illustrated through its application in the 

streamlined synthesis of pilocarpine, a generic pharmaceutical marketed for the treatment of dry mouth 

and glaucoma, and pregabalin (lyrica), a -amino acid pharmaceutical marketed by Pfizer for the 

treatment of epilepsy.  The -lactone products produced by these studies will also be evaluated for novel 

biological activity, such as anti-pancreatic cancer activity, through collaborations in the National Institute 

of Cellular Biotechnology at DCU. 

Students who undertake this project will learn how to carry out organic synthesis using inert atmosphere 

techniques (including Schlenk techniques), a variety of analytical techniques (e.g. NMR spectroscopy, 

chiral HPLC, and chiral GC analysis), purification techniques (e.g. reduced pressure distillation, flash 

column chromatography, and recrystallization), and presentation skills (PowerPoint and chalk talk 

presentations in group meetings). 

Special requirements: Ideally students will have completed a minimum of one semester of organic 

chemistry (e.g. Organic I).    



Naughton Fellowship 

Title: A new method for the synthesis of Prostaglandin analogue pharmaceuticals 

Project Description: 

Dr. Kerrigan’s group recently became interested in the synthesis of prostaglandin analogues because of 

their important biological activity, challenging structure, and commercial importance.  The development 

of new methods which provide access to pharmaceutical drugs is of immense importance to society, 

especially with regard to improved healthcare (e.g. for the treatment of glaucoma).  The proposed project 

in Dr. Kerrigan’s group seeks to develop new efficient routes to a key molecule, known as a 

cyclopentanone, which can act as a stepping stone to many pharmaceutical drug molecules including 

cyclopentanone and prostaglandin pharmaceuticals. 

Prostaglandins have been used extensively as clinical therapeutics, e.g. for the treatment of glaucoma.  

The most widely used method by the pharmaceutical industry for prostaglandin synthesis relies on the 

Corey lactone, which requires up to nine synthetic steps to assemble.  We propose to develop a new 

efficient method for the synthesis of prostaglandin pharmaceuticals.  This project is focused on developing 

the selective synthesis of the desired enantiomer (hand) of a cyclopentanone, and its subsequent 

utilization in the expedient synthesis of prostaglandin analogues of interest to pharma, for example, 

bimatoprost and latanoprost. 

The key innovation in the proposed work is the development of a method for the selective coupling of 

two readily available small molecules, a cyclopropane and a ketene, to form the cyclopentanone structural 

motif that is central to prostaglandin analogues.   This method will be superior to other methods for 

cyclopentanone/prostaglandin synthesis because it relies on the use of a catalytic amount (5-10 mol%) of 

an inexpensive metal salt to effect the desired transformation, and because it will help to significantly 

shorten the synthesis of prostaglandin analogues (down to 12 steps for our route) relative to current state 

of the art methods (17-20 steps). 

Students who undertake this project will learn how to carry out organic synthesis using inert atmosphere 

techniques (including Schlenk techniques), a variety of analytical techniques (e.g. NMR spectroscopy, 

chiral HPLC, and chiral GC analysis), purification techniques (e.g. reduced pressure distillation, flash 

column chromatography, and recrystallization), and presentation skills (PowerPoint and chalk talk 

presentations in group meetings). 

Special requirements: Ideally students will have completed a minimum of one semester of organic 

chemistry (e.g. Organic I).    



The weakest link: screening bacterial protein-protein interaction networks for novel drug targets 
 

Tim Downing (tim.downing@dcu.ie) School of Biotechnology in DCU 
 
Project Aims: 
 Infectious disease outbreaks are driven by antibiotic resistance in bacteria. Genes causing this are 
commonly transferred between pathogenic bacteria in the human gut. Plasmids with antibiotic resistance 
genes drive infections by being transferred between bacteria: this is a form of horizontal gene transfer. 
Old plasmids that have existed in bacterial cells for long periods of time retain benefits associated with a 
stable environment, whereas new plasmids likely confer advantages specific to a new condition.  
 The set of interactions between gene products can be explored through their protein-protein 
interaction networks (PPINs). The proteins produced by old and new plasmids are hypothesised to 
interact with proteins encoded on the chromosome differently. The chromosomal proteins generally form 
a tight core PPIN cluster. This core PPIN is predicted to have more interactions with proteins from old 
plasmids compared to new plasmids. 
 The capacity of bacteria to adapt to new environmental stresses is known as their evolvability. This 
means new plasmids may boost the evolution of bacteria as they explore new environments, which we 
will explore in Escherichia coli, which will extend the work of Notre Dame students placed in our lab in the 
summers of 2016 and 2018. 
 We will visualise the bacterial protein-protein interaction network structure and those of relevant 
plasmids to quantify their level of network connectivity. We will examine key antibiotic resistance genes 
in Escherichia coli protein-protein interaction networks to find central hubs that are potential drug targets 
whose inactivation might help us combat antibiotic resistance and thus alleviate infections in patients.  
 
Potential Candidates: 
We will examine Escherichia coli protein-protein interaction network structure architecture. This project 
suits a motivated student interested working at the interface between molecular, computational and 
infection biology. The project involves skills like DNA sequence comparison, visualising genomic data and 
evolutionary analyses: appropriate training will be provided. You will learn about microbial evolution, 
protein-protein interactions and how to compare genomes. You will work in the Infection Genomics lab at 
DCU, where we had Notre Dame students in June-August in 2016 and 2018. To facilitate this project 
twinning molecular with computational methods, we have a high-performance computer server. At the 
end of the project, you will be able 
to examine protein-protein 
interaction network, genomic data, 
interpret the effects of genes on 
antibiotic resistance, and 
investigate their evolutionary 
innovations. Learning about these 
techniques is applicable to a range 
of problems involving 
bioinformatics or biomedical 
research on genomic data. 
 
References 

• Kirschner and Gerhart 1998 Evolvability PNAS doi:10.1073/pnas.95.15.8420  

• Downing T. Tackling drug resistant infection outbreaks of global pandemic Escherichia coli ST131 
 using evolutionary and epidemiological genomics. Microorganisms 2015.   

• Nagar et al 2016 A Network Biology Approach to Decipher Stress Response in Bacteria Using 
 Escherichia coli As a Model. doi: 10.1089/omi.2016.0028 

• See our website http://cosmogenomics.wordpress.com 

Diagram: Two parts of the Escherichia coli protein-protein interaction 
network showing hub proteins dmsD (left, blue) and escD (right). 



 

 

Naughton Project for Visiting Notre Dame Students 2019 
Efficient approaches to increase carbon nano-onions solubility 

Professor Silvia Giordani 

School of Chemical Sciences, Dublin City University, Glasnevin, Dublin 9, Ireland 

Email: silvia.giordani@dcu.ie 

Background 
Carbon nano-onions (CNOs) are nearly spherical carbon nanoparticles consisting of a concentric 

graphitic multi-layered structure. In the last decade, CNOs have shown promising potentialities in 

several applicative areas with remarkable results as biological imaging agents [1] due to the 

nanometer size, large surface area and biocompatibility.  

However, one of the major applicative limitation is related to the poor solubility in biological fluids 

promoted by strong intermolecular interactions (i.e. van der Waals forces). To address this drawback, 

appropriate surface functionalization strategies have been developed, including covalent and non-

covalent approaches [2]. Non-covalent functionalization is an efficient route to increase the solubility 

of a material while preserving its intrinsic properties as p-p stacking or hydrophobic interactions are 

involved in the functionalization pathway with the entities of interest. 

One interesting way to enhance the dispersion of CNOs is through the association with biocompatible 

polymers; as successfully reported in the case of carbon nanotubes (CNTs),  supramolecular 

interactions between the dispersant and the CNTs surface led to enhanced solubility features of the 

system in a wide variety of polar and non-polar solvents. 

Project aim 
This project aim to explore the non-covalent functionalization pathways for the modification of the 

CNOs surface to improve their stability towards aggregation in biological fluids. CNOs will be coated 

with different biocompatible polymers and the dispersing ability of the CNO hybrid systems will be 

investigated with the aid of different characterization technique such absorption and emission 

spectroscopies, dynamic light scattering (DLS) and zeta potential as well as microscopy. 

The study objectives are: 

1. To decorate the surface of the CNOs with selected biopolymers.   

2. To characterize the CNOs derivatives.  

3. To investigate the ability of the different hybrids in different biological applications. 
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