1. FINAL PUBLISHABLE SUMMARY REPORT

Polymorphism and the methods used to discover drug solid forms are key issues in the pharmaceutical industry, drawing huge intellectual and financial investment. Different crystal forms (polymorphs, pseudopolymorphs, salts or cocrystals) have different bioavailability and solubility, while crystal morphology significantly affects processing and tableting behaviour. Polymorph crystallization often follows the classic Ostwald's step rule, with less stable forms crystallizing first, with increasingly more stable forms crystallizing out in stages, or undergoing solvent-mediated transformation to the most thermodynamically stable form. The pharmaceutical industry has adopted extensive solid form screening protocols in order to ensure the identification of all polymorphic and solvate forms of new drug entities. Even the use of a metastable or solvate crystal in a pharmaceutical dosage form can sometimes be justified because a medical benefit is achieved. Thus it is vital from a regulatory standpoint that a thorough characterization of the solid state chemistry of a new drug substance is achieved and all possible forms are identified. In addition to polymorphic form, the external morphology of a crystalline material can be important, with a number of examples demonstrate the effects of changing morphology on in vitro dissolution rate, with potential for improving the bioavailability. Thus, there remains a demand for novel, modern polymorph screening technologies which can extend the solid form nucleation and growth parameter space, particularly with reference to hard to nucleate solid forms.
	As an alternative to solution-based methods, growing crystals from aqueous silica gel or aqueous biogels is a well-established technique. Very recently, an approach based on self-assembled fibres of low molecular weight gelators (LMWGs) has emerged as a chemically diverse, reversible and synthetically tuneable alternative to traditional gel media. However, the potential of supramolecular gels as a medium for crystal growth remains largely unexplored, except in a recent report from our group, which demonstrated the use of supramolecular gels as the media for the crystal growth of several model pharmaceutical compounds. However, the gelator systems used in this study were generic in nature and lacked specific interaction with the drug molecules. A more fine-tuned approach would involve chemically targeting the structure of the gelator in terms of molecular geometry and functional groups to match that of the drug substance hence offering the possibility of a lowered nucleation barrier or even epitaxial overgrowth of the drug substance on the locally ordered gel fibers.
 (
Cisplatin
)	In our research we have prepared a series of cisplatin-mimetic metal complexes C1, C2 and C3, involving a cis-dichloro platinum(II) linker bound to the respective pyridine-based ligands L1, L2 and L3 . These metal-bridged bis(urea) metallogelators have the potential to form gels based on the self-assembly of the urea functional groups, while the dodecyl chains enhance the solubility in organic solvents, and at the same time participate in strong van der Waals interactions, facilitating the formation of fibrous networks. It represents a simple and highly versatile approach to the preparation of a range of bis(urea)s. The variability of the pyridyl-urea spacer group offers the scope to investigate the effect of relative distance between the coordinating segment and self-assembling segment on the overall gelation and templating behavior of the system.
	The gelation behavior of C1, C2 and C3 were evaluated by the simple ‘stable to inversion’ test. C1 and C3 behaved similarly and form gels in xylenes (o-, m- and p-), toluene and chloroform. On the other hand, C2 formed gels in a series of alcohols. The morphologies of the xerogel samples vary from fibril-like to ribbon-like to well-defined fibrils for C1, C2 and C3, respectively, as studied by scanning electron microscopy.  This variation is also reflected in rheology of the samples. While C2 exhibited the highest value of the storage modulus C3 showed the highest yield stress..
	Interfacial crystallization of cisplatin in a gel-sol biphasic system has been employed to address the insolubility of the drug molecule in organic solvents. A new N,N-dimethylacetamide (DMA) solvate of cisplatin has been identified and a crystal habit modification of the known N,N-dimethylformamide (DMF) solvate form of cisplatin has been observed in crystallization of cisplatin in C3 gels prepared in xylenes. While both targeted and a non-targeted gels resulted in the formation of the new DMA solvate, only the targeted C3 gel resulted in high quality single crystal suitable for characterization by single crystal crystallography. The high crystal quality is attributed to a close match between the core geometry of C3 with that of cisplatin together with local order in the gel fibers of C3.
	[image: ]	The novelty of this work lies in three key elements: firstly, the concept of linking two monoureas together using a metal-ligand strategy facilitating the gel formation and secondly, the design of a specific drug-mimetic gel as an example of an advanced pharmaceutical crystallization strategy for solid form discovery. The work also reports a new gel-sol interfacial crystallization technique to address the different solubilities of the drug and gelator.
	We concluded that the structural and geometrical resemblance between the cisplatin mimetic gelator and cisplatin together with the relatively ordered assembly in this gel enhance the influence of the C3 gels on cisplatin crystallization. The mode of interaction between the gelator and substrate may involve a combination of Pt-Pt stacking and ammine-chloride hydrogen bonding interactions. To the best of our knowledge, this is the first evidence for the use of a drug-mimic supramolecular gel system in influencing the outcome of a drug crystallization process. The concepts of designer gelator as part of a biphasic gel-sol diffusion arrangement offer an intriguing new potential tool in pharmaceutical solid form screening.
	The above research has the potential to draw a huge attention from the pharmaceutical industries for the development of an alternative method for the identification and discovery of novel drug polymorph. On the other hand, it opens up the path for further research in this field including other important drug molecules. We believe that the present molecular design approach is particularly useful for the Pt-based anticancer drugs. Thus there will be an excellent opportunity to employ the present methodology for other clinically approved anticancer drugs such as oxaliplatin (has use in the treatment of adjuvant and metastatic colorectal cancers), Carboplatin (has use in the treatment of ovarian cancer), Nedaplatin (has use in the treatment of oesophageal cancer and head and neck cancers).


2. USE AND DISSEMINATION OF FOREGROUND
Scientific publication:
The research done under this project and the significant result obtained are summarized in form a of an article to be submitted in a flagship journal.
Title: 'Supramolecular Gel Control of Cisplatin Crystallization: Identification of a New Solvate Form using a Cisplatin-Mimetic Gelator'
Author: Arnab Dawn, Katherine S. Andrew, Dimitry S. Yufit, Yuexian Hong, J. Prakasha Reddy, Christopher D. Jones, Juan A. Aguilar and Jonathan W. Steed.

Conference presentation:
2. Invited Lecture by Arnab Dawn on the topic 'Supramolecular Gel-Mimics for Controlling the Crystal Growth of Anticancer Drugs’ in ‘Macro 2015, International Symposium on Polymer Science and Technology’, 2015, IACS, Kolkata, India.
1. Poster presented by Arnab Dawn on the topic ‘Organogel Mimics for Controlling the Crystal Growth of Active Pharmaceutical Ingredients’ in the RSC Macrocyclic and Supramolecular Chemistry Meeting, ‘MASC 2013’, 2013 University of Glasgow, UK.

Outreach Activities:
[bookmark: _GoBack]The researcher had participated in 37th ‘North East Schools Industry Partnership Project week’ held in 6th~11th July, in the chemistry department of Durham University. Here, the researcher acted as a project provider for a group of students and worked as the part of a team consisting of postgraduate mentors and students. A research project based on stimuli responsive supramolecular systems had been introduced and partly demonstrated to a group of students who finally had undertaken a series of experiments for collecting quantitative and qualitative data (eventually, my group of students won the prize for best presentation). In this project the gelation and crystallisation behaviour of a given organic molecule capable of undergoing self-assembly, have been given explored. The student got the first hand on experience in dealing with self-assembled system and gel formation. The stimuliresponsive property of this system has been demonstrated in form of the anion induced destruction of certain gel samples in presence of various anions. Thus a real life application of such systems towards sensing has been explained to the students. This short term research work resulted in some interesting behavior of the system in response to anions, which has not been previously identified. The enthusiasm of the group of students got the reward in terms of achieving best presentation award among all the participants. Altogether it had been an excellent opportunity via the Marie Curie program to motivate a new generation towards scientific research.
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