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Synthesis and Polymerization of Multifunctional Monomers

with Hemiacetal Ester Linkages
for Degradable Thermosetting Resins
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The reaction of methacrylic acid with vinyl ethers with an epoxy group, 4-vinyloxybutyl
glycidyl ether (VBGE) and cyclohexane dimethanol vinyl glycidyl ether (CHDMVG) provided
two sorts of triple functional monomers with a polymerizable vinyl group, a curable epoxy group,
and an acid-sensitive degradable hemiacetal linkage (GBEM and GMCHMEM, respectively).
GBEM and GMCHMEM were polymerized with 2,2’-isobutyronitrile (AIBN) to give relatively
Poly(GBEM) and poly(GMCHMEM) were then cured
through their pendant epoxy functions with amine curing agents at 100 °C for 2 h to produce the
insoluble crosslinked poly(GBEM) and poly(GMCHMEM) thermosets.
were glassy and tough polymers and underwent degradation to give poly(methacrylic acid) and

high-molecular-weight soluble polymers.
These cured thrmosets

crosslinking chain residues via acid-catalyzed hydrolysis of the hemiacetal ester linkages in the

polymers at room temperature.
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Synthesis and degradation of methacrylate-type epoxy resins with hemiacetal esters.
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Table 1. Radical Polymerization of Multifunctional Monomers GBEM and GMCHMEM
Monomer [AIBN], (mM) Time (h) Conversion (%) MD M M M,D
GBEM" 8 3 16 171000 396000 23
GBEM” 8 5 29 183000 473000 2.6
GMCHMEM® 5 3 27 168000 426000 2.5
GMCHMEM® 5 5 34 158000 417000 2.6
% Measured by GPC, polystyrene calibration.
®) At 50 °C in THF : [GBEM]y= 1.0 M, GBEM : AIBN =200 : 1.
9 At 50 °C in THF : [GMCHMEM];=1.0M, GMCHMEM : AIBN =200: 1.
b b c.f,g.h
o o a
[} L]
c=d ed oMS0
' no o o0 elHO Kk
olon HJ ;_ 1 bdﬁ .—Hl il || .
[} ha ’ ]j uLA[ T™S
! ‘u = = T l': o l __.__J.J : 1 ‘ .,JLL
’ : /. .Il { hﬁ“ 7 3 5 ‘ﬁl:pr:;: -1 1 [}
(}T”j o/"" Mx j DMSO . . @y ™S
€ A-I d e _I d In
o o
e o 8 h
nlih 1.od(1) ; [l 1.0 (1) |
? A Mol A '
lLJ T T T v v T v — - B T y T T
P“ 7 6 5 ‘m . H 2 1 0 igﬁ T 6 5 o oo 3 2 1 [
. 1
Figure 1. 'H NMR Spectrum of GBEM and Figure 2. 'H NMR Spectrum of GMCHMEM and
poly(GBEM). The reaction conditions for the synthesis poly(GMCHMEM).  The reaction conditions for the

of GBEM: [VBGE], : [MA], =1 : 1.5, at 50 °C for 66 h.
The reaction conditions for the synthesis of
poly(GBEM): at 50°C in THF; [GBEM],=1.0 M;
GBEM:AIBN=200:1; M, = 119000, M, = 414000,
M, /M,=2.8.
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1; M,= 168000, M,,= 426000, M, /M,=2.5.
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Figure 3. IR Spectrum of cured poly(GBEM): at 100

°C for 2 h with TEPA or at 100 °C for 2 h with DDM and
cured poly(GMCHMEM): at 100 °C for 2 h with TEPA
or at 100 °C for 2 h with DDM.

Table 2.
Monomers, Their Polymers , and Their Cured Polymers

Thermal Properties of Multifunctional

Curing T, e

Polymer
Agent (°C) (°C)
GBEM - B 141
Poly(GBEM) = 0 176
Cured Poly(GBEM) TEPA 64 184
Cured Poly(GBEM) DDM 61 198
GMCHMEM - - 137
Poly(GMCHMEM) - 2 198
Cured Poly(GMCHMEM) TEPA 65 190
Cured Poly(GMCHMEM) DDM 67 189

) Measured by DSC on second heating scan.
®) Measured by TG-DTA, 5 % weight loss.
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Figure 4. 'H NMR Spectra of degradation products.
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