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Synthesis of novel cyclic brush polymers based on
copolymers of 2-hydroxyethyl methacrylate and methyl

INSTITUTE of methacrylate for potential biomedical applications

h PO LYME RS Yavor Hristov, Erik Dimitrov, Sibela Doleva, Natalia Toncheva-Moncheva, Stanislav Rangelov

ABSTRACT: Targeted drug delivery is one of the most rapidly developing fields in contemporary pharmaceutical science. Cyclic brush (CB) polymers, which are polymer macrocycles densely
grafted with polymer side chains, have attracted considerable attention because of their unique topology and potential use in drug delivery, nanomedicine, and new materials.

Inframat

Institute of Polymers, Bulgarian Academy of Sciences, ul. "Akad. Georgi Bonchev" 103, 1113 Sofia, Bulgaria

In this work, we present a successful synthetic pathway to novel CB polymers based on a copolymer macrocycle of poly(2-hydroxyethyl methacrylate) (PHEMA) and poly(methyl methacrylate)
(PMMA). To construct this architecture, we employ both "grafting-from" and "grafting-onto" approaches, which allow for well-controlled composition, molecular weight, and graft density.
Following this two-pronged approach, CB polymers with adjustable properties can be designed, broadening their prospective applications in targeted delivery and other biomedical fields.

0. General scheme for the synthesis of cyclic brush polymers with a
copolymer macrocycle

1. Synthesis of ATRP initiator with terminal alkyne 4. Synthesis of cyclic brush polymers
functionality and NMR-distinguishable —OCH; group
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4a. via “grafting-onto” approach
Synthesis of f-((PHEMA-g-PEQ,),-co-PMMA, ) and f-((PHEMA-g-PiPOx,),-co-PMMA, ):
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Figure 2 1H NMR spectrum of the ATRP initiator in CDCl, at 400 MHz. The =N

methoxy group (peak labeled as g) appears as a sharp singlet, enabling the f—((PHEMA—g—PEO ) -co-PMMA ) 10 111 ' 112 ' 1'3 ' 1'4 ' 115 ' 1'6 ' 1'7 ' 1'8 ' 1'9 ' 2Io ' 2'1 ' 2'2 ' 2'3 ' 2'4
calculation of the degree of polymerization of the synthesized polymers.

cyclic multimacroinitiator

Figure 1 Schematic representation of the synthetic strategy for the preparation of cyclic brush polymers.
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Figure 12 GPC chromatogram (Rl trace, THF) of:

f-((PHEMA-N,),5-c0-PMMAy) (M, gpc = 15280, M,,/M, = 1.26);
f-((PHEMA-G-PEQ,5);5-c0-PMMAyg) (M, 6o = 8000, M, /M, = 1.89);
f-((PHEMA-g- PIPOX18)15 co- PI\/II\/IA3O) (MnGPC 7400, M, /M, = 1.88).
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2. Synthesis and cyclization of linear PHEMA-PMMA copolymer

2.1. Synthesis of I-(PHEMAX-co-PMMAy)-Br via atom-transfer radical
polymerization: o)

2.2. Synthesis of I-(PHEMA -co-PMMA )-N,
via azidation of I-(PHEMA, -co-PMMA )-Br:

2.3. Synthesis of f—(PHEMAX—co—PMMAy) via azide-
alkyne cycloaddition of I-(PHEMA -co-PMMA, )-N:
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Figure 13 'H NMR spectra of f-((PHEMA-g-PiPOx,),-co-PMMA, ) (D,0, 600 MHz, top)
OHa and f-((PHEMA-Br),;-co-PMMA,,) (CDCl, , 400 MHz, bottom).
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Figure 4 GPC chromatogram (Rl trace, THF) of:
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Figure 5 IR spectra of |-(PHEMA;-co-PMMA,)-Br, | CuBr, PMDETA, acetone
Figure 3 'H NMR spectrum of I-(PHEMA 5-co-PMMA;()-Br (M yyr = 5250) in DMSO-dgat |-(PHEMA, -co-PMMA,)-N; (M, cpc = 8690, M, /M, = 1.41); I-(PHEMA 5-co-PMMA;0)-N;and f-(PHEMA 5-co-PMMA,) H 50 °C, 24 h

400 MHz. The presence of water (3.37 ppm) and Et,0 (3.38 ppm 1.09 ppm) is visible.
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Figure 6 MALDI-TOF mass spectrum of I-(PHEMA ;-co-PMMA,,)- N3 Flgure 7 I\/IALDI TOF mass spectrum of f-(PHEMA ;;-co- PMI\/IA3O) Figure 8 In the mass spectrum of I-(PHEMA,™
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Figure 14 GPC chromatogram (Rl trace, THF) of:
f-((PHEMA-Br),5-co-PMMA,) (M, gpc = 12860, M,,/M, = 1.67);
f-((PHEMA-g-PTBA,,);5-co-PMMA;) (M, ¢pc = 34640, M /M, = 1.48).
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3a. Synthesis of f-((PHEMA-N3)X-co-PMMAy) via esterification 1] I
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of f-(PHEMA -co-PMMA ) with 6-azidohexanoic acid: o) Y g g R
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3b. Synthesis of f-((PHEMA-Br),-co-PMMA ,) via esterification of f-(PHEMA -co-PMMA )

with 2-bromoisobutyrylbromide:
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Figure 11 IR spectra of f-(PHEMA ;-co-PMMA,),
(top-to-bottom).
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Figure 9 'H NMR spectra (400 MHz) of (top-to-bottom):

6-azidohexanoic acid (CDCl,); )

f-((PHEMA-N,),-co-PMMA;;) (CDCl,) (note: unreacted 6-azidohexanoic acid is visible); Figure 10 GPC chromatogram (Rl trace, THF) of:

|-(PHEMA, s-co-PMMA,,)-Br (DMSO-d,) (see caption of Figure 4); f-(PHEMA,5-co-PMMAso) (My, gp = 8460, M,,/M, = 1.30);

f-((PHEMA-Br) 5-co-PMMA.) (CDCL,). f-((PHEMA-Br),5-co-PMMA;() (M, goc = 12860, M,,/M,, = 1.67);
f-((PHEMA-N;)15-c0-PMMAy0) (M, goc = 15280, M,,/M,, = 1.26).
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