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Introduction

Phosphorus-containing polymers are involved in a large range of applications. For example, they have
been used as adhesion promoters for paints, lacquers, and adhesives, flame-retardant additives,
complexing agents to recover metal ions from the environment and industrial liquids, and agents for
controlling crystallization of CaCOs and also have been proposed for use in tissue engineering and drug
controlled release because of their biocompatibility and biodegradability. Phosphorous-containing
polymers have been prepared through various approaches. One of the methods of incorporating
phosphorus functionality into polymers is the polymerization or copolymerization of phosphorus
containing vinyl monomers such as vinyl and allyl phosphonates [1]. Polymers with phosphorus in the
backbone are usually synthesized by either polycondensation or ring-opening methods [2]. Atom transfer
radical polymerization (ATRP) [3], one of the most robust controlled/living radical polymerization (CRP)
techniques which allows for the controlled polymerization of various monomers.

Experimental

Monomer 1 (DMMP) Synthesis. In this study, phosphonate monomer was synthesized and polymerized
via ATRP. In the first step, diethyl (methacryloyloxy)methyl phosphonate (DMMP), was synthesized with
methacryloyl chloride and triethylamine at -5 °C and under nitrogen (Figure 1). In the second step, diethyl
(methacryloyloxy) methyl phosphonate was polymerized with CuBr/PMDETA catalytic system by using
toluene as solvent at 70 °C.
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Figure 1. Reaction of diethyl(hydroxymethyl) phosphonate with methacryloyl chloride

Monomer 2(PGMA) Synthesis. Diethylhydroxy methyl phosphonate and GMA were added to a round-
bottom flask with a nitrogen inlet. The mixture was stirred at 50 °C for 5 h. (Figure 2).
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Figure 2. Phosphorylation of GMA



Result and Discussion

We were reported the synthesis of novel phosphonate polymers with a narrow molecular weight via
DMMP monomer. This polymer was characterized by using gel permeation chromatography (GPC) and
proton nuclear magnetic resonance spectroscopy (‘'H NMR). DMMP was synthesized by esterification of
diethyl(hydroxymethyl) phosphonate with methacryloyl chloride. Purified product was analyzed by FTIR,
'H NMR and *'P NMR. Monomer 2 showed C=0O peak at 1717 cm™ and also showed P=O and P-OEt
peaks at 1249 cm™ and 1017 em™. Its '"H NMR spectrum is compatible with the spectrum given in the
literature [4].

The ring-opening reaction of GMA with a phosphoric acid derivative was used for the preparation of new
functional monomer (PGMA). The product was analyzed by FTIR, 'H NMR and *'P NMR. FTIR of
monomer 2 showed C=0 band at 1717 cm'l, OH band at ~3400 cm'l, P=0 and P-OEt bands at 1249 ¢cm'
and 1017 cm™.

f
CH;—(li—)—E!r co b i OH i
o R~ a DMMP Homopolymer ”
o P P—o0 b
o (|) \/

o O. [o}
b a f e d C

f+OH
d k

Figure 3. "H NMR spectra in CDCl;: a) DMMP monomer and homopolymer, b) PGMA Monomer.
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Conclusions

In summary, DMMP and PGMA monomers were synthesized respectively by esterification and
ring opening reaction. PDMMP homopolymers were obtained having a narrow PDIs (<1.1) via
controlled polymerization technical.

References

1. Kim, Y.; Priddy, D.; Harwood, H. J. Polymer 2003, 44, 4165-4170; Nair, C. P. R.; Clouet, G.; Brossas,
J. J. Polym. Sci., Part A: Polym. Chem. 1988, 26, 1791-1807; Ebdon, J. R.; Price, D.; Hunt, B. ]
Joseph, P.; Gao, F.; Milnes, G. J.; Cunliffe, L. K. Polym. Degrad. Stab. 2000, 69, 267-277,
Rabinowitz, R.; Marcus, R. J. Polym. Sci., Part A: General Papers 1965, 3,2063-2074.

2. Wen, J.; Zhou, R.-X. Macromol. Rapid Commun. 1998, 19, 641-642; Penczek, S. J. Polym. Sci., Polym.
Symp. 1980, 67, 149-168; Liaw, D.-]. J. Appl. Polym. Sci. 1997, 65, 59-65.

3. Matyjaszewski, K.; Xia, J. Chem. Rev. 2001, 101, 2921-2990.

4. Moszner, N.; Zeuner, F.; Fischer, U. K.; Rheinberger, V. Makromol. Chem. Phys. 1999, 200, 1062-
1067.



