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I. Originally identified as an 
antimalarial therapeutic, 
chloroquine is being 
repositioned as anticancer 
agent for many deadly 
cancers where, at higher 
doses, its use in combination with traditional therapeutics results in higher 
efficacy by inhibiting autophagy. Despite its promise, chloroquine has 
limitations, high doses are needed since it fails to exhibit cytotoxicity in the 
acidic extracellular microenvironments created within solid tumours. 
Through a multidisciplinary approach, relying on electrosynthesis and 
organometallic chemistry, we have successfully designed and patented an 
organometallic chloroquine analogue, “Cymanquine” that showed to be 10 
times more active than chloroquine, even as a single agent.1,2 Cymanquine 
represents an exciting discovery, but it would be incorrect to assume that 
this is the optimal structure. In this proposal, we will use electrosynthesis to 
prepare Cymanquine analogues and we will conduct a structure-activity-
relationship study to probe for how variations in structure affect the redox 
behaviour as well as the biological activity and identify one or more lead 
compounds suitable for pre-clinical studies. Finally, the biomechanisms of 
these new drugs will be investigated in detail. 

 
 

II. Hypothesis: A lead structure will be found to be suitable for pre-clinical 
assays among the newly synthesised analogues. 
Aim 1 – New analogues of Cym will be prepared by using electrosynthesis. 
The physicochemical properties of the new derivatives will be correlated to 
their bioactivities to establish a structure-activity relationship and identify a 
lead compound. 
Aim 2 – A combination of electrochemical, spectroscopic and biochemical 
methods will be used to shed light on the mechanism of action of the drugs.  
 



 

 

DTA3   

DTA3 Programme Research Projects 
Proforma 

 

 

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No 801604. 

 

III. Method: New Cymanquine analogues will be prepared by modification of 
the organic ligand and of the metallic centre. The carbonyl ligands on the 
metallic core will be substituted by various organic ligands using an 
innovative electrochemical approach. New analogues will be tested for 
lysosome function, apoptosis, and overall cytotoxicity.  
To look at the mechanism of action of the drugs, we will look at markers of 
apoptosis and lysosomal cell death. Using electrochemistry, we will study 
the redox behaviour of the drug under biological conditions and identify its 
oxidation products. Finally, we will take advantage of the strong absorbance 
of the metal-CO bonds to follow the drug in-vitro by using spectroscopic 
techniques.3 

IV. This project fits within the University of Greenwich and DTA3’s research 
strategy. Ageing healthily is one of the biggest challenges of the century. By 
2020 almost two million people aged 65 and over will be affected by cancer. 
Therefore, there is an urgent need for new efficient anti-cancer therapies. 

V. We have assembled a multidisciplinary team to tackle this challenging 
research. KL (synthesis, spectroscopy, electrosynthesis), GG (biochemistry), 
AL (physical organic chemistry). Moreover, Prof Claire Verschraegen 
(OSUMC, USA) will bring her clinical experience to the project. 

 
1. K. Lam, E. A. Hall, J. E. Ramsey, Z. Peng, D. Hayrapetyan, V. Shkepu, B. O’Rourke, W. Geiger and C. F. 

Verschraegen, J. Cell. Biochem., DOI:10.1002/jcb.26787. 
2. Patent WO2016109849, 2018, 38. 
3. S. Clède, N. Cowan, F. Lambert, H. C. Bertrand, R. Rubbiani, M. Patra, J. Hess, C. Sandt, N. Trcera, G. 

Gasser, J. Keiser and C. Policar, ChemBioChem, 2016, 17, 1004–1007. 

 
Lay summary (max 200 words) to be used for reference as part of the selection 
process where non-specialists are involved 
360,000 new cases of cancer are diagnosed in UK every year. One third of them are found in 
patients over the age of 75. By 2020, because of an increasing life expectancy, nearly two 
million people aged 65 and over will be living with cancer. Among the different cancers, 
melanoma, the most aggressive form of skin cancer, is rapidly increasing. Although early-
stage melanomas are efficiently treated by surgery, many will recur over time, and 
treatments for late-stage metastatic or recurrent disease very often require very expensive 
targeted and/or immunological-based therapies that show improved but limited efficacy.  
For centuries, most anticancer drugs have been based on purely organic scaffolds. Despite 
the enormous potential of drugs containing metals, this field remains underestimated.  
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Our approach is unique and differs from the others by the fact that we focused our efforts 
on embedding a metallic core within FDA-approved drugs. By doing this we have 
discovered, synthesised and patented Cymanquine, a novel organomanganese containing 
compound, which outperforms its organic analogue, by a minimum factor of 10. In this 
proposal, we will prepare new improved derivatives of Cymanquine within the goal to 
identify an analogue suitable for future clinical development and to keep the ageing 
population healthy and cancer-free. 
 
Industrial/Employer placement opportunity please include potential external 
placement opportunities or collaborations available to the student as part of the 
project 
IKA, one of the largest chemical equipment companies and manufacturer of Electrasyn 2.0 
(first commercial setup for organic electrosynthesis) is offering its scientific support for this 
research. This proposal presents a unique opportunity to test IKA’s new electrochemical 
setup under real research conditions. The student will interact closely with IKA. The student 
and PI will be invited to IKA’s UK headquarter in order to provide their development team 
with essential feedback about their new electrochemical equipment. 
 
 
International placement opportunity please include any potential international 
placement opportunities or collaborations available to the student as part of the 
project 
Prof Claire Verschraegen (Director of the Division of Medical Oncology and Associate 
director of the Translational Research Program at the Comprehensive Cancer Centre, Ohio 
State University), one of the inventors of Cymanquine, is working closely with the PI. She will 
serve as an oncology expert on the project. In the near future, Prof Verschraegen’s team 
will be responsible for running the pre-clinical and clinical trials once a lead structure has 
been found through this project. The PhD student will have the opportunity to intern in Prof 
Verschraegen’s laboratory where he/she will get a chance to learn advanced biochemical 
techniques related to cancer research. 
 
Scientific, economic and societal impact of the project 
Scientific impact: This research is proposing a completely new and « outside of the box » 
approach to drug design by blending the classical medicinal chemistry/biochemistry 
approach with organometallic chemistry as well as with new spectroscopic and 
electrochemical techniques. We expect this research to have a large impact on the scientific 
community, and especially on the healthy ageing research community, by demonstrating 
that our novel approach has merit for drug design. 
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Results potentially yielding new technologies will first be considered for patent applications. 
Once internally cleared for disclosure, we will publish our results in articles in excellent high-
impact peer-reviewed journals (J. Am. Chem. Soc., Angewandte Chem. Int. Ed., Org. Lett., 
etc.). The publications will be made available in open access through GALA, the University 
of Greenwich’s open repository. The interdisciplinarity of the research will lead to some 
high-impact articles with authors publishing in domains and journals not usually used by 
them. Presentations by the PI and PhD student in seminars, workshops and 
national/international conferences will be encouraged. The student will have opportunities 
to attend conferences, where he/she will present results to specialist audiences, acquire 
communication skills, broaden perspectives and develop a professional network.  
 
Economic impact: Wealth Creation: Besides its deleterious effect on health, cancer has an 
important economic impact. For instance, in the UK, cancer is estimated to cost over £15bn 
a year, half of the sum being related to the economic losses from early death and patients 
taking time off work. Four in five people with cancer suffer its negative financial impact, on 
average incurring extra costs of £570 a month. Our new generation of organometallic drugs 
would directly contribute to an effort to decrease the financial burden caused by cancer. 
 
In addition, this proposal benefits from the scientific support of one of the largest 
equipment manufacturer: IKA. The proposed research is a unique opportunity to test IKA’s 
new electrochemical setup under real research conditions. Through this project, valuable 
feedback will be given to IKA about its equipment which may lead to improvements in the 
end-users’ experience  
 
Intellectual Property: We expect the research to ultimately lead to commercially relevant 
results. To exploit these, agreements would be established by the University of Greenwich 
and licenses granted to potential partners. 
 
Societal impact: Our research addresses one of the major current challenges of our society: 
the need to ensure that the society stays healthy at any age. In the UK, every two minutes, a 
person is diagnosed with cancer. Among them, due to an increasing life expectancy, two in 
every hundred are over-75s. One third of the nation’s new cancer cases each year are 
diagnosed in elderly patients over-75s. In 2020, two million people over-65s will be living with 
cancer in the UK. Therefore, perfecting our research on Cymanquine derivatives would be 
a significant step toward the development of much needed new and affordable therapeutic 
agents against cancer that would ensure that our society will be able to age healthily. Our 
preliminary results show great chances of success and we are confident that our approach 
will have a significant impact on cancer patients’ lives. Our drug has shown to be able to 
resensitise melanoma resistant cells. This would open the way to new therapies using 
Cymanquine in combination with traditional oncology drugs and would give tremendous 
hope to melanoma patients. 

http://www.cancerresearchuk.org/cancer-info/cancerstats/incidence/age/?_adal_sd=scienceblog.cancerresearchuk.org.1528804269787&_adal_ca=so%3Ddirect%26me%3Dnone%26ca%3Ddirect%26co%3D(not%2520set)%26ke%3D(not%2520set).1528804269787&_adal_cw=1528804117642.1528804269787&_adal_id=80559991-4d36-499f-9a44-c3d96a1e79e5.1528804118.1.1528804154.1528804118.c1c472dd-aac2-467e-a922-e5f325697e00.1528804269787&_ga=2.206237843.123392119.1528804118-1881549437.1528804118#Elderly%20
http://www.cancerresearchuk.org/cancer-info/cancerstats/incidence/age/?_adal_sd=scienceblog.cancerresearchuk.org.1528804269787&_adal_ca=so%3Ddirect%26me%3Dnone%26ca%3Ddirect%26co%3D(not%2520set)%26ke%3D(not%2520set).1528804269787&_adal_cw=1528804117642.1528804269787&_adal_id=80559991-4d36-499f-9a44-c3d96a1e79e5.1528804118.1.1528804154.1528804118.c1c472dd-aac2-467e-a922-e5f325697e00.1528804269787&_ga=2.206237843.123392119.1528804118-1881549437.1528804118#Elderly%20
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We are confident that the UK pharmaceutical industry will benefit from our research and 
therefore, throughout the project, we will seek to develop academic-industry collaborations 
(e.g. Innovate UK-Knowledge Transfer Partnerships). In addition, the collaboration with Prof 
Verschraegen, a world-renowned oncologist, is an excellent opportunity to strengthen 
international scientific relations between UK and US research groups. In the longer term, 
through commercialisation, we expect our research to have positive impacts on the overall 
quality of life and health of our society. 
 
Communication and outreach to the public: We will share the importance of our research 
with cancer patients through a series of open lectures that are already organised at the 
University of Greenwich but also at NHS hospitals. Audience make-up will be analysed and 
from this appropriate topics and themes for presentation will be identified. All the 
published results - scientific articles, posters, presentations, press communications and 
releases - will be listed and regularly updated for the general public. The research will also 
be promoted in synopsis form on associated social media such as Twitter feeds and 
Facebook pages with the aim of disseminating the knowledge outside of academia.  
Additional admissions requirements: please state if there are any specific 
admissions requirements for this project i.e. subject specific degree qualifications 
or disciplines, relevant skills, experience etc 
The project would be suitable for anyone with a strong background in synthetic chemistry 
and an interest in medicinal chemistry and electrochemistry as well as in drug 
development. 

 

 


