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ABSTRACT

The unique properties associated with these dendrimers such as uniform size, high degree of

branching, water solubility, multivalency, well-defined molecular weight and available internal
cavities make them attractive for biological and drug-delivery applications. Commercialization of
dendrimers is now forthcoming. A new dendrimeric ligand (L) was synthesized by the Michael
addition of ethylenediamine to methyl methacrylate. The prepared ligand was complexed Cu (1)
ions, the ligand and its complex were characterized by elemental analysis and spectroscopic
studies (FT-IR, UV-Vis, 1H NMR and ESI-MS). Square pyramidal geometry was proposed for
copper complexes, on the basis of UV-Vis spectroscopic data and molar conductance
measurements. The dendrimer metal complex is active towards the oxidation of alcoholic
substrates using molecular oxygen as substrate. The effect of various parameters on the rate of
reaction is also explained.
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INTRODUCTION

Dendrimers are nano-sized, radially symmetric molecules with well-defined, homogeneous, and
monodisperse structure consisting of tree-like arms or branches*. These hyperbranched molecules
were first discovered by Fritz Vogtle in 1978, by Donald Tomalia and co-workers in the early
1980s, and at the same time, but independently by George R. Newkome. The second group called
synthesized macromolecules ‘arborols’ means, in Latin, ‘trees’. Dendrimers might also be called

> 4 Dendrimers are

‘cascade molecules’, but this term is not as much established as ‘dendrimers
nearly monodisperse macromolecules that contain symmetric branching units built around a small
molecule or a linear polymer core >’ ‘Dendrimer’ is only an architectural motif and not a
compound. Polyionic dendrimers do not have a persistent shape and may undergo changes in size,
shape, and flexibility as a function of increasing generations % Dendrimers are hyperbranched
macromolecules with a carefully tailored architecture, the end-groups (i.e., the groups reaching the
outer periphery), which can be functionalized, thus modifying their physicochemical or biological
properties 11%&

MATERIALS AND METHOD

All the chemicals were of AR Grades and used without further purification. Ethylenediamine and
methylmethacrylate were purchased from S.D. Fine Chem. Ltd., Mumbai, India. Metal chlorides
(CuClI2.2H20 and CoCl2.6H20) and methanol were procured from E. Merck, Mumbai, India. The
percentages of C, H and N were determined by a Vario EL elemental analyzer. Electronic spectra
were recorded on a Perkin EImer Lambda- 40, double-beam UV-Visible spectrophotometer. FTIR
spectra of the compounds were recorded on Perkin Elmer 1750 FTIR spectrophotometer (CT
06859 USA) using KBr pellets in the range of 4000-400 cm-1. 1H NMR Spectra were achieved
with a Bruker (DRX-400) spectrometer. Mass spectra were recorded using Model-Q-TOF Micro
mass ESI source. Molar conductance measurements were carried out on Decibel conductivity
meter at room temperature (DB-1038). Melting points were determined on Veego instrument
(Model REC-2203882). Molecular modeling was performed with a semi empirical PM3 as
implemented in hyper chem 8.0 software program package (Hypercube, Inc., USA).

Synthesis of Ligand (L)

Ethylenediamine (0.1 mol) and methylmethacrylate (0.4 mol) in methanol were mixed together in
a round bottom flask and stirred for 24 h at room temperature. Further, ethylenediamine (0.04 mol)
was added and refluxed for further 24 h at 40-50 °C. The golden yellow oily liquid obtained. Mol.
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wt. 572.78 g mol-1, golden yellow oily liquid, anal. calc. for C,sHssN1004(%): found (calculated):
C. 54.1% (54.52%); H, 9.2% (9.9%); N, 24.5% (24.45%); |.R. (KBr pellets, cm-1):

CuL:

Yield: 62.3%, mol. Wt.: 841.67 g mol-1, m.p. >300 °C, green colour, anal. Calc.
for[Cu2(CysHssN1004)]Cls:  found(calculated): C, 37.5% (37.1%); H, 6.31% (6.71%); N,
15.9%(16.64%); IR (KBr pellets, cm-1): 3420 (NH2)str., 1590 (C=0O)str., 3090 (N-H)str., 1220
(CN)str., 450, 430, 475 (Cu-N) ; UV-Vis. (H20, nm): 219 (n—c*), 262 (n—n*), 324 (n—n*),
709(2B1g—2B2g); Molar conductance: 600.9 Q-1cm2M-1; ESI-MS (m/z): 701.8 [M-4Cl+2H+],
350.3[(M-4Cl/2)+1H+], 288.2 [{(M-4Cl)/2}-Cu+2H+], 257.3 [{(M-4Cl)/2}-Cu-20+3H+], 220.1
[{(M-4Cl)/2}-Cu-C2H602-4H+],161.2[{(M-4Cl)/2}-Cu-C4H13N202-4H+],104[{(M-4Cl)/2}-
Cu-C6H20N402-2H+].
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RESULTS AND DISCUSSION

Catalytic Oxidation and the effect of various parameters on the rate of oxidation

Catalytic Evaluation The ability of the newly synthesized polymer bound Cu (I1) -DMG complexes
to catalyze organic reactions was explored by conducting a systematic study on oxidation of
Alcohols. Various alcoholic substrates were subjected to catalytic oxidation using Cu molecular
oxygen as oxidant. The oxidation reaction was carried out at room temperature (RT). And 70°C for
6hr and 10hr. Blank experiments revealed that no reaction occurred in the absence of either the
catalyst or the oxidant *"*°. The results of oxidation carried out at two different temperatures are
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compiled all compounds undergo oxidation in the presence of the Cu supported catalysts and, in
some cases, very high selectivity are obtained depends upon the variation of physical parameters
like Catalyst concentration, Temperature, Concentration and type of Solvent used. Benzyl alcohol
shows highest catalytic activity towards oxidation than 2 propanol and 2-butanol. This variation in
catalytic activity is due to the more stability of benzyl alcohol then 2-propanol and 2-butanol and
also it may be the effect of ligand on the rate of substrate 222,

Effect of Solvent

Solvent plays an important role in the yield and product distribution of oxidation reactions. In
order to study the effect of solvent, various solvents were employed. The oxidation reactions of
alcohols (5mmol) with molecular oxygen as oxidant at 25°C Keeping other parameters constant.
The oxidation was carried out with some polar and non-polar solvents. The selected solvent should
possess the property like stability and solubility in substrate and solvent. The quantitative yield is
shown Dby polar solvents as compared to non-polar solvents .The efficiency of catalyst for
oxidation of alcohols in different solvents decreases from more polar solvent to less polar solvent.
The 9 higher yield of polar solvents is because of their high dielectric constant and better solubility
of substrate.

Reusability of [dendrimer -Cu] complex

An important advantage of polymer supported metal catalysts is its reusability. The complex can
be removed by simple filtration upon completion of the reaction and can be used several times
without loss of its catalytic activity. The same catalyst was re-used for seven subsequent catalytic
oxidation of various alcoholic substrates the conversion of different alcoholic substrates. The
conversion of alcoholic substrates is not much affected until fourth catalytic run without affecting
the selectivity of the corresponding products. But when we extend the reaction cycle (from the
fifth to seventh) further, the activity of the complex decreases and reaches the lowest value for the
seventh run .This significant change in the catalytic activity of the [Dentrimer-Cu] complex may
be due to the poor chemical resistance and mechanical strength of polystyrene polymeric backbone
which provides the heterogeneity to the complex. Therefore, we can use this studied complex for
alcoholic substrate oxidation reaction till four cycles without major loss of its catalytic activity.
Reaction mechanisms

The reaction mechanism for oxidation of alcohols with molecular oxygen by metal Complexes in
homogeneous medium was studied and the formation of peroxo and oxo Complexes was suggested
to be responsible for the transfer of oxygen to substrate on the bases of experimental results as well

as evidences from the literature, a probable mechanism can be suggested.
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CONCLUSION

In this paper we synthesized the dendrimer copper metal complex by Michael addition. The

catalytic application of dendrimer shows better activity towards the oxidation of alcoholic

substrates using molecular oxygen as oxidant. The nature of O-O bond has influences the product

yield. Hydrogen peroxide was used as oxidant it oxidized the alcohols into their respective oxides.

Furthermore the effect of various reaction parameters was also recorded
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