Synthesis of Dendrimers for Catalysis
1. Introduction

Dendrimers are well defined effectively monodisperse macromolecules comprised of a series of branches extending outward from an inner core. Each repetition cycle leads to the addition of one more layer of branches called a generation to the dendrimers framework with regular and highly branched three- dimensional architecture. The name comes from Greek term dendron, meaning “tree”. Dendrimers generally possess three distinct parts; one can distinguish periphery functionalized, core functionalized and focal point functionalized system, each of which can be modulated by altering reaction sequences. In the dendrimers, specific binding sites may also be incorporated. The surface groups of dendrimers are amenable to modification and can be tailored for specific applications. The dendrimer architecture therefore permits control over properties such as shape, size, density, polarity, reactivity, solubility etc for desired activity and selectivity. The fields of dendrimer were developed in late 1970s8 and early 1980s. and have been extensively explored because of their great potential of applications in biology and material sciences. Among the main potential application, catalysis stands one of the promising ones1. Indeed, dendrimers offers a unique opportunity to combine the advantages of homogeneous and heterogeneous catalysis over conventional catalysis1. 

Dendritic catalysts can provide system that show kinetic behavior and thus the activity and selectivity of a conventional homogeneous catalyst. Catalysts supported on heterogeneous systems show less activity as compared to homogeneous analogues, which is because of reduced accessibility, but can be easily removed from the reaction mixture2, 6. Homogeneous catalyst, because of monodisperse, uniform, and symmetry of the molecules allow mechanistic studies, and require low metal loading. It is possible to tune the structure, size, shape, and solubility of dendrimers3. The broadest class of dendritic catalyst is related to homogeneous catalysis, although some supported dendrimers having possibility of applying in heterogeneous catalysis. The immobilization of the catalyst on a support with the aim of facilitating the separation of the product from the catalyst, and thus the recovery and recycling of the latter can be regarded as an important improvement for a catalytic process2, 6. 

The dendrimers mentioned above can be used as affinity phases for separation of biological macromolecules4. Affinity chromatography is one of the most widely used techniques for separation and analysis of proteins7 and other small as well as large molecules. It uses ligand-modified macro-/microporous membranes or beads as chromatographic media. It is often used in biochemistry in the purification of proteins bound to tags like “His-tags”. The proteins are labeled with a His-tag e.g biotin or antigens, which bind to the stationary phase specifically. After purification, some of these tags are usually removed and the pure protein is obtained. Affinity chromatography often utilizes a biomolecule’s affinity for a metal (Zn, Cu, Fe, Ni, etc). Columns are often manually prepared. Traditionally affinity columns are used as a preparative step to flush out unwanted biomolecules. However, HPLC techniques exist that do utilize affinity chromatography properties. Immobilized metal affinity is useful to separate afore mentioned molecules based on the relative affinity for the metal. Often these columns can be loaded with different metals to create a targeted affinity towards protein. 

My research work plan 

M2+-G2 based Sepabeads EB-EP-105 catalyst for regioselective synthesis of β-amino alcohols under solvent-free conditions. 

Currently, green chemistry has become a major driving force for developments of environment friendly processes and catalyst materials for organic synthesis of various pharmaceuticals, fine chemicals and intermediates. In light of this scenario, the possibility of performing multi-component reactions as well as multiple reactions under solvent free conditions with use of solid recyclable catalyst have received special attention of organic chemists around the globe so as to enhance reaction efficiency from the point of view of 3e’s, i.e. ecological, environmental and economical. Further, the solvent free condition with recyclable solid catalyst offers several advantages in preparative organic synthesis methodologies such as ease of catalyst recovery and recycle, ease of intermediate and final work-ups, enhanced selectivity, reduced side reactions and waste produced, superior reaction kinetics and better atom economy. This approach of green chemistry for simplified synthesis of beta-amino alcohols is being investigated in various laboratories.

Amino alcohols find much importance in organic synthesis on account of their role as versatile intermediates in the synthesis of a wide range of biologically active, natural and synthetic products including pharmaceuticals, synthetic amino acids, pesticides, polymers and chiral auxillaries9-13. The most common method used for the synthesis of amino alcohol involves oxirane ring opening of epoxide with an excess of amine at high temperature14. However under these conditions, sensitive epoxides and amines undergo undesirable side reactions showing poor regioselectivity and reduced applicability to temperature sensitive reactants like poorly nucleophilic amines or sterically crowded amines/epoxides. In order to overcome such problems in the ring opening of epoxides with sluggish amine nucleophiles, several catalysts, such as metal halides15-16, metal alkoxide17, transition metal salts18-19, ionic liquid20, Amberlyst-1521 and various promoters such as BiCl3,22 CoCl2,23 ZrCl4,24 ZnCl225, TaCl526, Sm(OTf)327, Ti(OiPr)417,28, ScOTf29, Al(OTf)330, B(C6F5)331, Aluminosiilicate32, have been reported in the literature to perform ring opening under mild conditions. The use of microwave irradiation has also been reported. Recently, the use of Y(NO3)3.6H2O33 as a catalyst in solvent free conditions has also been reported. Amino alcohol synthesis has also been reported using a variety of air sensitive catalysts34 and even without any use of catalyst35 with aliphatic amines involving simple procedures at room temperature. However, these reactions suffer from low yields. Many of these existing methods involve corrosive and expensive catalyst, hazardous organic solvents, poor selectivity, non-reusability of catalyst and long reaction time. Mostly, the reaction are performed with aromatic amines and some of the methods also involve unwanted side reactions including rearrangement of expoxides to allyl alcohols under basic medium and polymerization under acidic medium leading to reduced yields and purity of desired products. Furthermore, the catalysts used are destroyed in the process and cannot be recovered for recycle. Hence, there is growing need for the simple, economic and efficient catalysts which are more active and selective towards aromatic amines, and having reasonable recyclability. To surmount a variety of limitations, we desire to report an efficient solid recyclable metallodendrimeric catalyst based on rigid porous polymeric beads for green synthesis of beta-amino alcohols at room temperatures under solvent-free conditions and without use of any acid or base.

Metallodendrimers are gaining significant interest in the field of organometallic catalysis and wide variety of them have been prepared and applied for certain applications. Two specific advantages of catalysts based on dendrimeric ligands grafted on rigid, porous polymeric solid support can be summarized as, i) enhanced performance in terms of kinetics and better conversions when compared to monomeric complexes owing to its availability of large surface area with large ligand density performing catalytic activity, ii) stable macromolecular structures making them suitable isolation using simple filtration thus providing potential for catalyst recovery and recycling36. Reactions which are catalyzed using metallodendrimers include Suzuki-Miyaura37, oxidation(38-39), polymerization36, Sonogashira reaction40 , hydroformylation and C-C coupling metathesis(41-43) and epoxide ring opening44 .

The complex formation ability of designed mtallodendrimer based on commercially available Sepabeads EB-EP-105, rigid, porous polymeric beads with series of transition metals encouraged us to explore its possible activity as an efficient, reusable and convenient promoter catalyst for the opening of oxirane ring of epoxides with aromatic amines for the synthesis of β-amino alcohols under solvent free conditions in shorter reaction times.
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