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Phosgene-Free Synthesis of Polymethionine Oxides and
their Application to Antifouling Polymer against Proteins and Cells
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Phosgene-free and facile synthesis of polymethionine oxides, including polymethionine sulfoxide, and
polymethionine sulfone, through polycondensation of the corresponding N-phenoxycarbonyl derivatives
along with the elimination of phenol and CO. in the presence of amines as an initiator has been developed.
These urethane derivatives were readily synthesized through N-carbamylation of onium salts of methionine
with diphenyl carbonate, followed by the selective oxidation of sulfide into sulfoxide or sulfone by the treat-
ment of hydrogen peroxide. The polycondensation took place under heating urethane derivatives using
amines as an initiator to give the corresponding polypeptide. As a result of the detailed investigation on
polycondensation behavior, we have found that this approach has the following advantages: (1) the success-
ful incorporation of amine residue in the chain end, (2) the control of molecular weight by varying feed ra-
tio of the urethane derivative to amines.

Based on results of our polycodensation method, synthesis of polystyrene bearing oligo (L-methionine
sulfoxide) in the side chain and their possibility to be used as an antifouling polymer against proteins and
cells were investigated. Their polystyrene was readily synthesized through polycondensation of urethane
derivative of L-methionine sulfoxide in the presence of 4-vinylbenzylamine, followed by a radical polymeriza-
tion with water-soluble azo-initiator. The inhibition of proteins (hRP-IgG) adsorption and F9 cells adhesion
were observed on the polymer-coated PS dishes, because of a hydrophilic nature of L-methionine sulfoxide
segment. The result of CCK-8 assay for the resulting polystyrene also appeared a low cytotoxicity against F
9 cell. From these results, this novel polymer are expected to be utilized as a surface-coating material, lead-
ing to antifouling property against biological matters.
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Scheme 1 Synthetic route to urethane derivative of L-methionine.
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Scheme 2 Selective oxidation of sulfide into sulfoxide

and sulfone using hydrogen peroxide.
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Scheme 3 Polycondensation of urethane derivative of L-methionine sulfoxide (L-1) in
the presence of #-BuNH. as an initiator along with elimination of phenol
and CO..

Table 1 Synthesis of polymethionine oxides by polycondensation of its urethane derivative in the presence of
n-BuNH, as an initiator.

entry ure.thape feed rat.io r.eaction conversion yield Me Mo/ Me
derivative M1,/ [amine], time (h) (%)* (%)®
1 L1 5 5 >99 95 530 2.30
2 L1 10 12 >99 92 1, 300 1.51
3 L1 25 20 >99 97 1,900 1.50
4 L1 50 24 >99 96 3,200 1.89
5 DL-1 5 5 >99 90 510 1.75
6 DL-1 10 12 >99 91 1, 210 1.22
7 DL-1 25 20 >99 97 2,000 1.17
8 DL-1 50 24 >99 91 3,000 1.23
9 L-2 5 5 >99 94 ND* ND*
10 L-2 10 12 >99 96 ND* ND*
11 DL-2 5 5 >99 95 1,400 1.41
12 DL-2 10 12 >99 93 2,500 1.36
13 DL-2 25 20 >99 98 7,300 1.31
14 DL-2 50 24 >99 92 15, 000 1.14
15 DL-2 100 48 >99 95 28, 000 1.21

* Calculated by 'H NMR spectra, * Ether-insoluble parts, ¢ Estimated by SEC, * ND = not determined because of
poor solubility for eluents.
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Figure 1 SEC traces of poly (DL-methionine sulfoxide) by
polycondensation of DL-1 in the presence of PEG-
NH: as an initiator.

Table 2 Synthesis of polymethionine oxides by polycondensation of its urethane derivative (DL-1 and DL-2)
in the presence of PEG-NH: as an initiator.
Y| evatve | DO Gaminedy | tmety | he | er | M| mew
1 DL-1 10 10 >99 90 5, 600 1.17
2 DL-1 25 20 >99 91 6, 460 1.21
3 DL-1 50 24 >99 93 8,200 1.32
4 DL-2 10 10 >99 89 12, 800 1.12
5 DL-2 25 15 >99 93 22,000 1.12
6 DL-2 50 24 >99 95 29, 000 1.14

* Calculated by '"H NMR spectra, * Ether-insoluble parts, © Estimated by SEC
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Scheme 4 Synthesis of polystyrene bearing oligo (L-methionine sulfoxide) in the side
chain through polycondensation of urethane derivative (L-1) with 4-
vinylbenzylamine as an initiator and subsequent radical polymerization
with water-soluble azo-initiator.
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Figure 2 MALDI-TOF mass result of oligo (L-methionine sulfoxide) with styrene
group at the terminal end.
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Figure 3 Adsorbed amount of hRP-IgG on the surface of
PS dishes modified with various concentrations

of a synthesized polymer aqueous solution

(0.01-1.0 wt%).

Figure 4 Morphology of F9 cells cultured on PS dishes as a control for
4 h(a) and 24 h(b), and on PS plate modified with a synthe-
sized polymer for 4 h(c) and 24 h(d).
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