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new polymerization method provides an outlet for this previously 
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ABSTRACT: Copolymerizing glutaraldehyde with tetraols such as diglycerol, meso-erythritol, and pentaerythritol is particularly effective
for forming very high molecular weight polycycloacetals (Mn up to 65,000 g/mol) with elastomeric properties and up to 70%
biorenewable content by weight. Altering the tetraol monomer feed ratio provides control over the polycycloacetal’s tensile properties.
The polymerizations are high-yielding, readily scalable, and employ commercially available starting materials that are used without fur-
ther purification. © 2019 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2019, 137, 48780.
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INTRODUCTION

The need for environmentally friendly polymers is rapidly
increasing as the negative impacts of plastics become more evi-
dent.1 A primary strategy for meeting this demand is incorporat-
ing linkages in the polymer backbone that are hydrolyzable or
degradable through chemical pathways, which can facilitate the
material’s decomposition following its use to minimize its envi-
ronmental impacts.1a,b,2 Although polyesters are the most preva-
lent class of degradable polymers,1a,2c,3 polyacetals and polyketals
are emerging as an intriguing class of degradable materials.4

Notably, acetals can exhibit increased rates of degradation when
compared to esters in marine environments.5 Developing marine
degradable materials is an important strategy to better protect
this ecosystem. Coupling degradability with good mechanical
properties would significantly reduce the negative environmental
impacts of plastics while maintaining their critical roles to soci-
ety. The interplay between degradability and mechanical proper-
ties is also key to developing biocompatible systems for the
medical industry,6 further highlighting the promising potential of
acetal- and ketal-based materials.

The primary methods for preparing polyacetals and polyketals
include ring-opening polymerization (ROP)6c and step-growth
polymerization.4a Postpolymerization modification of poly(vinyl
alcohol) has also been employed.7 Although ROP offers greater
control over molecular weight and dispersity, step-growth

polymerization can be used with a wider variety of monomers,
which can lead to more diverse polymer architectures. For exam-
ple, Miller and coworkers prepared biorenewable polyalkylene
acetals via acetal metathesis polymerization of α,ω-diols.8 This
research team also synthesized a variety of polycycloacetals incor-
porating bioaromatic backbone structures through polycondensa-
tion of tetraols and aromatic dialdehydes, with number averaged
molecular weights (Mn) reaching 27,100 g/mol.9 Isosorbide is
another intriguing monomer for synthesis of polyacetals, and the
resulting polymers displayed degradation rates that correlated
with the length of the aliphatic spacer between acetal linkages.10

Du Prez and coworkers also recently produced polycycloacetals
by coupling tetraols and dialdehydes11 and by the trans-
acetalization of diglycerol bisacetonide.12 Acetalization produced
polycycloacetals with Mn values of up to 38,000 g/mol while
transacetalization reached Mn values of 28,100 g/mol. Lastly,
Wudl and coworkers prepared a series of thermally stable poly-
spiroacetals from cyclic dialdehydes and tetraols.13 These latter
materials were insoluble, with the exception of hexa-
fluoroisopropanol. Herein, we report a straightforward method
for the direct polymerization of glutaraldehyde with commer-
cially available tetraols, such as diglycerol and meso-erythritol,
catalyzed by para-toluenesulfonic acid (p-TsOH) to yield elasto-
meric, high molecular weight polycycloacetals. To the best of
our knowledge, these are the highest molecular weight
polycycloacetals reported to date (Mn up to 65,000 g/mol) and
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