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Past Research and Achievements of Dr. Dinesh Sawant

During my Ph.D, Post Doctoral Research and Industrial Job, I worked on various areas of catalysis such as Homogenous catalysis,
Heterogeneous catalysis, Nano catalysis and Bio-organometallic catalysis. I have published 18+ international publications, received 2 young
scientist awards and 2 Oral presentation awards. During my industrial job at Piramal Lifesciecne, my area of research was development of
qunoline based anti-inflammatory molecules and I had done synthesis 89 new derivatives of qunoline, purified, characterized and screened
them for biological activity. During my stay at R&D Huntsman International I have developed plant scale palladium based catalytic method
for synthesis of fluorescent whitening agents. Details of work done in Ph.d and Post Doctoral Research is as follows

Ph.D Research Work:

Through the past several decades, advancement in the field of transition metal catalysis has provided numerous efficient methods for the
synthesis of complex organic molecule. In this context I have developed new method for synthesis of amides, nitriles and various
heterocycles (Scheme 1, 2 and 3). My Ph.D work also address important aspect of cross coupling reactions such as development of new
iron catalyzed methodology for Sonogashira and homogenous recyclable catalyst for Heck coupling reactions (Scheme 4 and 5). During
Ph.D I also worked on synthesis and application of heterogeneous organometallic catalyst for allylic amination. My Ph.D work also
involves development of new microwave and sonochemical method for synthesis of nanoparticles. All of the research work done during
Ph.D has been already published in reputed research journals Some of the representative protocols are as follows:
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Scheme 1: Cyanide free cyanation
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Scheme 3: one-step synthesis of isoindole-1,3-diones
Publication: European Journal of Organic Chemistry 2011, 6719-6724.

Post doctoral research Work:

Scheme 2: Carbon monoxide free amino carbonylation (Amide synthesis)
Publication: Journal of Organic Chemistry 2011, 76, 5489-5494.
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Scheme 4: Iron catalyzed sonogashira coupling
Publication: Tetrahedron Letters 2010, 51,2758-2761
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Scheme 5: Homogeneous recyclable catalyst for the Heck reactions
Publication: Tetrahedron Letters 2011, 52, 2390-2393

In research lab of Prof. Dr. Jorg Eppinger I worked on collaborative project of KAUST, Saudi Arabia and TU Munich Germany on
topic development of bio-organometallic complexes for asymmetric catalysis. Artificial metalloenzymes is a new concept in which we are
making bio-organometallic catalyst for asymmetrical catalysis (Scheme 6). Artificial metalloenzymes have been successfully applied for
asymmetric reactions such as Tsuji trsot, Diels Alder, Asymmetric Hydrogenation (Scheme 7), 1,2 addition of Phenyl boronoic acid. In all
cases we got excellent enantioselectivity and high conversion. I also worked on synthesis and application of Bedford type of palladium
catalyst for application in cross coupling reactions.

Scheme 6: Attificial Metalloenzymes for asymmetric catalysis

Scheme 8: Application of new Bedford catalyst in aqueous catalytic reactions
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I have hands on analytical instruments such as NMR, HPLC, GCMS, LCMS, FT-IR, ICP-MS, and TGA DSC etc. I have done 12
certificate courses on research lab safety and I am Lab Safety Representative at KAUST catalysis center. I have guided 2 Ph.D students
and 2 master students for their thesis projects at KAUST.




Catalytic Synthesis of Non-standard Peptides

Noyori Labratory, Research Center for Materials Science
Research fellow: Dinesh Sawant

Abstract of Research

Non-standard peptides or sometimes also known as unnatural peptides or peptidomimetics.
It is a class of compounds that contain moieties that do not usually exist in the nature; where
in the nature, only 20 proteinogenic amino acids are available to be encoded by natural
messenger RNA. In general, non-standard peptides that we can always see containing
nonproteinogenic side chain, a modified backbone or macrocyclized backbone. Non-standard
peptides are important because they can improve cell permeability of peptides, have higher in
vivo stability (stable against peptidase) and conformational rigidity. As an example
application of non-standard peptide, I would like to mention ciclosprin (also spell as
cyclosporine), it is a cyclic non-ribosomal peptide that contains eleven L-amino acids and one
D-amino acid. This compound is listed in the WHO Model List of Essential Medicines. It is
an immunosuppressant drug that is widely used in organ transplantation to prevent rejection;
it reduces the activity of immune system by interfering with the growth of T cell. Since non-
standard peptide may have outstanding applications in therapeutics, the development of
methods to construct highly diverse non-standard peptide libraries is important for the
discovery of drug candidates or sheer light on some biochemistry process.

There are methodologies to control and make use of ribosome for amino acids
incorporation. However, one serious limitation facing by protein engineers is the availability
of only 20 proteinogenic amino acids, which can be encoded by natural messenger RNA. The
lacking of structural diversity due to restriction of availability is not a very practical way to
construct non-peptide libraries. Although we can address this issue by site-directed
mutagenesis, it requires long time and a lot of experiments to reach the ultimate goal.

In contrast, synthesizing non-peptide using chemical approach is straightforward and fast.
Nevertheless, we are lacking of efficient catalytic approaches that allow us to access all kind
of non-standard peptide. In fact, the drawbacks in the current non-standard peptides synthesis
using non-catalytic chemical approach including, the requirement of stoichiometric amount of
coupling reagent, which may lower the atom efficiency causing by the stoichiometric amount
of salt waste co-generated along the reaction. In addition, solubility of peptide is also
hindering the process of modification (reaction) from proceeding. Although solubility can
somehow be solved by adding LiCl (as additive) to interrupt the [(3-sheet formation,
unfortunately, not always LiCl can destroy the hydrogen bonding network effectively. As an
alternative, peptide chemists are covalently introducing soluble tags on the amide nitrogen, to
prevent hydrogen bonding network. However, this requires a lengthy and tedious synthesis
steps during the starting material (amino acids) preparation.

In this project, we plan to prepare catalysts that can be used in non-standard peptide
libraries construction. We will be going into two directions, the first one is a catalytic bottom-
up approach, which is catalytic stepwise linking of amino acids and introduces or incorporates
the non-proteinogenic amino acid residues in certain desired spots along the backbone of the
peptides. The second approach is a direct modification of peptides or proteins. Direct
modification of peptides or proteins is very attractive but is a very challenging approach, it is
because peptides or proteins always have bad solubility and they contain many functional
groups, which may interrupt with the catalyst during the catalytic chemical modification.

In order to achieve the ultimate goal of this project, we plan to use our phosphazene-base
organocatalyst, i.e. TAPL; ¢. Based on our previous experience, we will redesign TAP into a
robust organocatalyst with high chemoselectivity and at the same time has ability to work in
polar solvents, such as H,0, MeCN, DMSO, DMF, HFIP, TFA and so on. The modification
of catalyst will be done by changing the ligands on phosphorous (e.g. amines, alcohols, thiol
and so on). We believe it will be a breakthrough in peptide chemistry, if we can establish a
non-peptide synthesis using phosphazene-based organocatalysis.
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