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ABSTRACT: Poly(butylene succinate) (PBS) is a promising biodegrad-
able and sustainable thermoplastic, but its poor degradability in marine
environments is a cause for concern. In this study, we aimed to mitigate
this issue by developing novel PBS derivatives with labile acetal linkages
periodically distributed along the polymer backbone. An efficient
protection−deprotection synthesis yielded monodisperse dihydroxy oligo-
(butylene succinate)s (OBS) with precisely controlled molecular weights,
which were consequently employed as the telechelic macromonomers to
be polymerized with divinyl ethers in a step-growth fashion. The obtained
poly(OBS-acetal)s had high-molecular-weight (Mn > 100,000 Da) and
showed PBS-like semicrystalline properties due to the presence of well-
defined crystallizable OBS segments joined together by labile spacers.
Selective cleavage of the backbone acetal linkages under acidic conditions
enabled rapid depolymerization into simpler oligomers with better degradability. Therefore, this general strategy could be utilized to
improve the degradability of the polymers while retaining their physical properties.

■ INTRODUCTION
The accumulation of commercial plastic waste that cannot be
degraded by nature over a long period of time has caused severe
land and water pollution. To address this issue, the development
of novel materials that possess robustness for everyday use while
being easily recyclable and biodegradable under appropriate
conditions has been an important focus of polymer research.
Polyesters are among the most explored class of sustainable
polymers because of the wide availability of renewable
monomers, tunable properties, better degradability, and
recyclability.1 Polybutylene succinate (PBS) is an important
biodegradable polyester with ever-growing applications such as
packaging films, fishing nets, biomedical products, and
agricultural materials.2−5 Due to recent developments in the
renewable production of succinic acid and 1,4-butanediol,
combined with its excellent thermal and mechanical properties,
PBS is being considered as a good sustainable thermoplastic.6−8

Although PBS demonstrates good biodegradability in compost-
ing conditions, its marine biodegradability is poor and
inconsistent, which has been attributed to the lack of a wide
variety of suitable marine microbial organisms that can
assimilate the polymer.9−13

The degradability and degradation rate of biodegradable
polyesters in the environment are also dependent on their
molecular weight, an important factor that influences physical
properties such as tensile strength, thermal characteristics,

crystallinity, wettability, etc.14−16 Detailed investigations
revealed that unlike the polymers with high molecular weight,
their oligomers with short enough chain length could undergo
degradation at a faster rate.17−20We studied the toxicity of oligo-
caprolactones (OCLs) with defined chain ends and found that,
in addition to themolecular weight, the chain-end structures and
additives also play an important role in the toxicity toward
Daphnia magna.21,22

These observations highlight the importance of designing
oligomers with discrete molecular weights to precisely study
their degradability. Advances in precision synthesis and
purification methodologies such as single-unit monomer
insertions, iterative exponential growth strategy, automated
flash chromatographic separation, etc., enabled multigram
synthesis of oligomers with precise control over their chain
lengths, sequence of repeating units, and chain-end function-
alities.23−29 Previously, we had synthesized molecularly defined
telechelic monomers through iterative addition followed by
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step-growth polymerization to yield vinyl polymers with precise
control over the repeat unit sequence, tacticity, and molecular
weight.30−32

Consequently, we hypothesized that introducing labile
chemical linkages periodically along the polymer backbone
could result in controlled cleavage of the polymer main chain to
form potentially more degradable and/or nontoxic oligomers
under suitable stimulus. Several groups have reported similar
approaches by incorporating disulfides, thioesters, thioacetals,
orthoesters, etc., that are selectively labile to certain stimuli.33−36

Acetal groups can also be suitable labile linkages because they
readily degrade under mild acidic conditions (pH < 5.5) while
showing resistance to other chemical conditions.37−40 Linear
polymers with acetal linkages have been efficiently synthesized
under mild conditions by acid-catalyzed polyaddition of diols
with divinyl ethers.41−44 Hashimoto and co-workers demon-
strated the self-polyaddition of hydroxy vinyl ethers with an acid
catalyst to synthesize high-molecular-weight polyacetals with a
tunable main chain structure.45 Additionally, efforts have been
made by numerous groups to incorporate acetal linkages into
polymer backbone of polyesters, polyamides, polyurethanes,
polycarbonates, epoxy resins, and other materials to enhance
their chemical degradability and recyclability while preserving
the characteristic thermomechanical properties.46−51 The
degradation products obtained after hydrolysis of the acetal
containing polymers were demonstrated as useful monomer
precursors for open/closed loop recycling.
In this work, we report a general approach to synthesize PBS

derivatives with periodically distributed acetal linkages along the
polymer backbone that can selectively degrade in a mild acidic
environment to generate more biodegradable oligo(butylene
succinate)s. A novel and efficient protection−deprotection
strategy was employed to synthesize monodisperse oligomers of
butylene succinate with discrete molecular weights in the
multigram scale. These well-defined OBS macromonomers with
dihydroxy end groups were polymerized with various divinyl

ethers using acid-catalyzed step growth polyaddition to obtain
poly(OBS-acetal)s. The oligomers and the polymers were
characterized using DSC, TGA, SAXS, and WAXS analyses to
elucidate their thermal and crystalline properties.

■ RESULTS AND DISCUSSION
Synthesis and Characterization of Discrete Oligo-

(butylene succinate)s. Monodisperse and discrete oligomers
of butylene succinate were synthesized by a protection−
deprotection strategy. Succinic anhydride and 1,4-butanediol
were added step-by-step to mono-TBS-protected 1,4-butanediol
as shown in Scheme 1. After obtaining the OBS 2-mer with
−OTBS and carboxylic acid end groups, esterification with 0.5
equiv of 1,4-butanediol resulted in the formation of di-TBS-
protected OBS 4.5-mer. Finally, TBS deprotection was carried
out using TBAF with acetic acid as a proton source to give
monodisperse OBS 4.5-mer. OBS 6.5-mer was synthesized from
OBS 4.5-mer by esterification with excess of TBS-protected
OBS 1-mer followed by TBS deprotection (Scheme S1A).
Similarly, the OBS 8.5-mer was synthesized by coupling OBS
4.5-mer and TBS-protected OBS 2-mer followed by TBS
deprotection (Scheme S1B).
The obtained oligomers were characterized by 1H NMR, 13C

NMR, SEC, andMALDI-TOFmass spectrum. The purity of the
oligomers was verified by 1H NMR studies, which revealed that
the ratio of the methylene protons alpha to the hydroxy end
groups to the succinate protons agreed with the calculated values
for OBS 4.5-mer, OBS 6.5-mer, and OBS 8.5-mer (Figure 1A
and Figure S1). The desired monodisperse nature of the
oligomers was corroborated by the SEC analysis. As shown by
the SEC curves in Figure 1B and Figure S2, final oligomers and
their precursors indeed showed narrow monomodal peaks with
Mw/Mn ≤ 1.05. Oligo(butylene succinate)s at each synthesis
step were also characterized by theMALDI-TOFmass spectrum
to verify their purity as shown in Figure 1C. The molecular
weights obtained from sharpmonomodal peaks inMALDI-TOF

Scheme 1. Synthesis of Monodisperse OBS 4.5-mer
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mass spectra of the final oligomers closely match the calculated
values, indicating the presence of the expected number of repeat
units and chain ends (see also Figure S3). The dihydroxy
oligomers showed good solubility in halogenated solvents such
as chloroform and dichloromethane but had poor solubility in
most of the nonhalogenated solvents at room temperature,

presumably due to their crystalline nature. Also, the solubility of
the oligomers decreases with the increase in their molecular
weight.
Polyaddition of Dihydroxy Oligo(butylene succinate)s

with Divinyl Ethers. OBS 4.5-mer was polymerized with
equimolar divinyl ethers in the presence of an acid catalyst using

Figure 1. 1H NMR spectrum (CDCl3, r.t.) (A) and SEC chromatogram (B) of dihydroxy OBS 4.5-mer. StackedMALDI-TOFmass spectra of each of
the discrete OBS oligomers before and after deprotection (C).

Scheme 2. Acid-Catalyzed Solution Polyaddition of OBS 4.5-mer and Divinyl Ethers
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dichloromethane as a solvent at 0 °C (Scheme 2). Camphor
sulfonic acid was used to catalyze the step-growth polyaddition
of hydroxyl groups of the oligomer to the vinyl ether groups of
the divinyl ethers. The polymerization was carried out under
relatively dilute conditions (∼150 mM) because of the
decreased solubility of the oligomers at 0 °C. Despite the partial
solubility of the OBS 4.5-mer, polyaddition with divinyl ethers
proceeded smoothly, and the reaction mixture slowly turned
clear during the polymerization. The polymerizations were
quenched by neutralizing the acid catalyst with excess of
saturated aqueous NaHCO3 solution. Further workup was
carried out under basic or neutral conditions to avoid any
cleavage of acetal linkages, and precipitation of the polymers in
n-hexane yielded white fibrous solids.
The kinetics of the polymerization of OBS 4.5-mer and 1,4-

butanediol divinyl ether (BD) was studied by analyzing the
conversion of vinyl ether groups and the molecular weights of

the aliquots taken at predetermined intervals using 1HNMR and
SEC analysis, respectively. The conversion of vinyl ether groups
with time was determined by monitoring the area under the
peaks of the vinyl ether protons with respect to the succinate
protons from the 1HNMR spectrum of the aliquots (Figure 2B).
Characterization of the aliquots using SEC analysis determined
the molecular weights corresponding to vinyl ether conversion
(Figure 2C, Figure S4). Efficient polymerization to furnish high-
molecular-weight polyacetals was observed even with low
reaction temperature (0 °C) and low loading of camphor
sulfonic acid catalyst (0.15mol %).More specifically, conversion
of the divinyl ether reached nearly 100% in 3 h of the reaction,
resulting in the formation of poly(OBS 4.5-mer-BD acetal) with
high molecular weight (Mn ∼100 kDa). The polymerization was
carried out for 96 h, which led to a slight increase in the
molecular weight of the polymer.

Figure 2. Kinetics of the polyaddition of OBS 4.5-mer and 1,4-butanediol divinyl ether: conversion of vinyl ether groups vs time (A) and Mn vs
conversion of vinyl ether groups (B).

Figure 3. SEC curves of OBS 4.5-mer and polymers after reprecipitation (A). 1H NMR spectra of poly(4.5-mer-BD acetal) after reprecipitation (B)
and poly(OBS 4.5-mer-TEG acetal) after reprecipitation (C).

Macromolecules pubs.acs.org/Macromolecules Article

https://doi.org/10.1021/acs.macromol.4c03178
Macromolecules 2025, 58, 2599−2608

2602

https://pubs.acs.org/doi/suppl/10.1021/acs.macromol.4c03178/suppl_file/ma4c03178_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.macromol.4c03178?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.macromol.4c03178?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.macromol.4c03178?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.macromol.4c03178?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.macromol.4c03178?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.macromol.4c03178?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.macromol.4c03178?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.macromol.4c03178?fig=fig3&ref=pdf
pubs.acs.org/Macromolecules?ref=pdf
https://doi.org/10.1021/acs.macromol.4c03178?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


SEC analysis of poly(OBS 4.5-mer-BD acetal) after
precipitation in n-hexane revealed the formation of high-
molecular-weight polymers with the number-average molecular
weight over 100 kDa (Figure 3A). The low-molecular-weight
oligomers present in the SEC curves of the final polymers were
presumably cyclic oligomers formed as a result of the relatively
low monomer concentration. The presence of main chain acetal
linkages in the polymers was indicated by the appearance of
characteristic 1H NMR peaks, namely, a quartet at 4.70−4.63
ppm and a doublet at 1.32−1.27 ppm (Figure 3B). Conversion
of the hydroxy groups of the OBS 4.5-mer to acetal groups
resulted in a slight upfield shift of themethylene protons alpha to
hydroxy groups. The formation of a pair of multiplets with
complex splitting patterns in the 1H NMR of the polymers was
observed because the pairs of methylene protons adjacent to the
acetal oxygens are diastereotopic.52 Overall, these analyses
indicated the successful formation of a high-molecular-weight
PBS analogue with acetal linkages in the backbone.

The acetal-forming polyaddition of diols and divinyl ethers
was performed with different combinations of monomer pairs.
Polymerization of higher-molecular-weight OBS oligomers was
attempted to obtain poly(OBS-acetal)s with longer OBS
segments. Unfortunately, in the polymerizations of OBS 6.5-
mer and OBS 8.5-mer with 1,4-butanediol divinyl ether, their
reaction mixtures remained turbid and yielded only low-
molecular-weight oligomers as shown by the SEC analysis
(Figures S5 and S6). This observation must be attributed to the
poor solubility of the 6.5-mer and 8.5-mer of the OBS in both
organic solvents and monomers. Polyaddition of shorter OBS
4.5-mer with a more hydrophilic divinyl ether, tri(ethylene
glycol) divinyl ether (TEG), was also carried out under similar
conditions to furnish high-molecular-weight poly(OBS 4.5-mer-
TEG acetal) (Figure 3A,C).
Thermal and Mechanical Properties. We studied the

thermal stability of OBS oligomers and poly(OBS-acetal)s using
TGA. According to the 5% mass loss temperature, Td5,
determined from TGA curves, OBS 4.5-mer, OBS 6.5-mer,

Figure 4. DSC traces: OBS oligomers (A) and OBS 4.5-mer and polymers (B).

Figure 5.WAXS 2D patterns of the OBS oligomer and polymers (A−F). WAXS 1D profiles of OBS oligomers (G) and polymers with assigned Braggs
peaks (H). Scattering vector, q, is denoted here as q = 4π sin(θ)/λ, where 2θ and λ are scattering angle and wavelength of X-ray.
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and OBS 8.5-mer were found to be thermally stable with Td5 >
300 °C (Figure S7A). The conversion of OBS 4.5-mer into
acetal containing polyesters increased their Td5 by over 40 °C
compared to that of OBS 4.5-mer, closely matching the high
thermal stability of commercial PBS (Figure S7B).2

The crystalline properties of the oligomers and polymers were
characterized by DSC analysis. Unlike commercial PBS, OBS
4.5-mer, OBS 6.5-mer, and OBS 8.5-mer did not show any glass
transition within the temperature range of −100 to 150 °C,
indicating the lack of an observable amorphous fraction in the
oligomers (Figure 4). All of the oligomers showed very sharp
melting transitions, with the melting temperature being the
highest for the OBS 8.5-mer due to it having the longest chain
length. Like commercial PBS, the oligomers also showed cold
crystallization exotherms while heating, indicating the transition
of thermally less stable crystallites to more stable crystalline
forms.53 When OBS 4.5-mer was polymerized with divinyl
ethers, the resulting polymers exhibited PBS-like semicrystalline
properties with well-defined glass transitions and sharp melting
transitions as shown in Figure 4B. Compared to the low-
molecular-weight OBS 4.5-mer, entangled polymer chains in
poly(OBS 4.5-mer-acetal)s can restrict chain mobility and
crystallization of OBS segments from melt in a stable
configuration.54 This could be one of the reasons for the
observation of a lower melting temperature in poly(OBS 4.5-
mer-acetal)s compared to OBS 4.5-mer. Annealing poly(OBS
4.5-mer-BD acetal) and poly(OBS 4.5-mer-TEG acetal) at 40
and 31 °C, respectively, slightly increased their enthalpy of
melting (Table S1). Both of the polymers showed the same
enthalpy of melting of 52 J/g from the DSC analysis due to the
presence of identical crystallizable segments. Poly(OBS 4.5-mer-
BD acetal) had a higher Tm and Tc compared to those of
poly(OBS 4.5-mer-TEG acetal) despite both of the polymers
sharing the same crystallizable segments. The presence of more
polar tri(ethylene glycol) spacers could exhibit a dilution effect
on OBS crystallites in the latter, leading to a depression in
melting temperature. Also, the lower Tc suggests that the
tri(ethylene glycol) spacers could have an inhibitory effect on
the crystallization of the OBS segments. The polymers could be
molded easily by hot pressing above their Tm values to give
translucent films (Figure S8). As mentioned above, OBS 6.5-
mer and OBS 8.5-mer afforded only oligomers, of which the
thermal properties could not be evaluated appropriately.
Additionally, tensile tests revealed that poly(OBS 4.5-mer-BD

acetal) has a maximum strength of 20.6 MPa and an elongation
of 753% at the break (Figure S9). This study indicates that the
PBS derivatives with periodic acetal linkages have a thermo-
plastic nature and mechanical characteristics comparable to
those of PBS (yield strength = 29.6 MPa, elongation at break =
283%).55

Synchrotron X-ray Characterization.OBS oligomers and
poly(OBS 4.5-mer-acetal)s were analyzed using wide-angle X-
ray scattering (WAXS) and small-angle X-ray scattering (SAXS)
to study their structural characteristics (Figure 5, Figure
S10).56,57 The presence of broad periodic peaks in the WAXS
pattern of the OBS oligomers suggests the formation of large
well-defined crystallites. Interestingly, WAXS patterns of
poly(OBS 4.5-mer-BD acetal) and poly(OBS 4.5-mer-TEG
acetal) resemble each other and also that of PBS, presumably
due to the presence of similar crystallizable oligo(butylene
succinate) segments as shown in Figure 5. Their resemblance in
crystal structure enabled the assignment of Braggs peaks of the

polyacetals by comparing their WAXS data against the well-
characterized WAXS data of PBS.58,59

Peak deconvolution of one-dimensional (1D) WAXS profiles
of polymers allowed us to calculate the degree of crystallinity
(χc) of samples (Figure S11A−C).60 The long period (Lp) and
lamellar thickness (dc) of the polymers were evaluated from the
(1D) SAXS profiles using the one-dimensional electron-density
correlation function (K(z)) (Figure S11D).61−63 The summary
of the WAXS and the SAXS analysis of the polymers is listed in
Table 1. It is interesting to note that the polyacetals share a

similar degree of crystallinity, long period, and lamellar thickness
despite having acetal spacers of different lengths. These
observations suggest that the length of the acetal spacer might
not have a strong influence over the packing of the OBS
segments. However, calculation of the crystallite sizes of
polyacetals using Scherrer’s equation showed that poly(OBS
4.5-mer-BD acetal) has larger OBS crystallites (D110= 15.1 nm)
when compared to poly(OBS 4.5-mer-TEG acetal) (D110= 11.6
nm).64 The presence of smaller crystallites with higher surface
energy in the latter might also have contributed to the
depression in the melting point observed in DSC analysis. The
smaller size of the crystallites implies a higher nucleation rate
and slower crystal growth rate in poly(OBS 4.5-mer-TEG
acetal), suggesting the influence of tri(ethylene glycol) spacers
on the kinetics of crystallization of the OBS segments.
Chemical and Marine Degradation Studies. The

chemical degradability of poly(OBS-acetal)s under a variety of
aqueous conditions as well as mild acidic conditions was studied.
Powder samples of polymers were suspended in deionized water
with a slightly acidic pH of 6, a phosphate buffer with a neutral
pH of 7.4, and natural seawater with a slightly alkaline pH of 8
(Figure S12A). After 7 days at 40 °C, SEC analysis showed that
there was only a marginal decrease in the number-average
molecular weights of poly(OBS 4.5-mer-BD acetal) and
poly(OBS 4.5-mer-TEG acetal) under all three conditions
(Figure S12B,C). For context, the molecular weight of
commercial PBS under the same conditions remained mostly
unchanged even after 30 days (Figure S12D). This observation
shows that the poly(OBS-acetal)s can remain stable with a long
half-life under a pH ranging from 6 to 8.65

To demonstrate the labile nature of acetal linkages under
acidic conditions, poly(OBS 4.5-mer-BD acetal) in THF was
treated with aqueousHCl at room temperature (Figure 6A), and
the changes in composition andmolecular weight of the polymer
were monitored at regular intervals by 1H NMR and SEC

Table 1. Summary of WAXS and SAXS Characterization of
the Polymers

entry sample name mol. wt.a
χc

(%)b
D110
(nm)c

Lp
(nm)d

dc
(nm)e

1 poly(OBS 4.5-
mer-BD
acetal)

74,900 (Mn),
3.29 (Mw/
Mn)

48.0 15.1 10.0 2.36

2 poly(OBS 4.5-
mer-TEG
acetal)

58,300 (Mn),
3.43 (Mw/
Mn)

47.7 11.6 10.5 2.34

3 PBS 43,000 (Mn),
3.2 (Mw/Mn)

47.0 16.1 8.2 2.4

aDetermined by SEC analysis of polymer films. bThe degree of
crystallinity (χc) was calculated from deconvoluted WAXS data.60
cThe crystal size was calculated from the (110) WAXS peak.64 dThe
long period of the lamellar stacking structure was calculated from
SAXS analysis.62 eLamellar thickness.62
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analysis, respectively. The cleavage of main chain acetal groups
reached 25%, and the Mn of the polyacetal rapidly decreased
from 100 to 6.4 kDa within just 5 min (Figure S13A,B). After 3
h, the characteristic peaks corresponding to the acetal linkages
completely disappeared from the 1H NMR, indicating
quantitative cleavage of acetal linkages and the polymer
degrading into the parent OBS 4.5-mer 1,4-butanediol, and
acetaldehyde (Figure S13C). Interestingly, SEC analysis showed
that the molecular weight of the recovered 4.5-mer OBS was
identical to the starting oligomer, indicating the selective
cleavage of acetal linkages (Figure 6B,C). Thus, the main-chain
acetal linkages of the polymer could be selectively cleaved while
keeping the ester groups completely intact. This approach
should enable the highly efficient and rapid chemical
degradation of the polymers under certain chemical stimuli.
The biodegradability in seawater was preliminarily evaluated

by quantifying the amount of CO2 generated during
biodegradation using a titration method under accelerated
marine conditions (Figure 7).66−68 The OBS 4.5-mer and
commercially available PBS were tested for marine biodegrad-
ability. Unlike non-marine-degradable commercial PBS, the
marine biodegradation rate of the 4.5-mer obtained fromOBS is
comparable to that of cellulose, which shows that the
degradability of the oligomers of OBS can vary significantly
depending on their molecular weight. In addition, the marine
biodegradability of the acetal-linked polymers poly(OBS 4.5-
mer-TEG acetal) and poly(OBS 4.5-mer-BD acetal) was also
evaluated. Interestingly, the more hydrophilic poly(OBS 4.5-

mer-TEG acetal) showed better biodegradation, and the
degradation reached almost half compared to the oligomer in
40 days, whereas poly(OBS 4.5-mer-BD acetal) was hardly
biodegraded under the same conditions even with the lowerMn.
Thus, the hydrophilic nature of the main chain could improve
the water uptake into the polymer bulk, which probably induced

Figure 6. Acid-catalyzed selective cleavage of acetal linkage scheme (A), SEC stack plot of poly(OBS 4.5-mer-BD acetal) and hydrolysis products (B),
1H NMR spectra of parent poly(OBS 4.5-mer-BD acetal) (C), and 1H NMR spectrum of hydrolysis products after 3 h (D)

Figure 7. Biodegradability of OBS 4.5-mer, poly(OBS-acetal)s, and
PBS with cellulose as positive control in extracted seawater; OBS 4.5-
mer (terminal diol, FW = 778.8), poly(OBS 4.5-mer-BD acetal) (Mn =
31,500 and Mw/Mn = 2.44), poly(OBS 4.5-mer-TEG acetal) (Mn =
134,000 andMw/Mn = 2.22), and commercial poly(butylene succinate)
(PBS) (Mn = 44,000 and Mw/Mn = 2.86).
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the degradation of acetal linkage to regenerate marine-
degradable OBS 4.5-mer, and thus, the main-chain structure
played an important role on the marine biodegradability of the
polymers.69,70

■ CONCLUSIONS
In this work, a multigram-scale protection−deprotection
strategy had been demonstrated to obtain monodisperse and
discrete oligomeric butylene succinates (OBS) with hydroxy
end groups. Polyaddition of OBS 4.5-mer with divinyl ethers
yielded high-molecular-weight polyacetals with periodic dis-
tribution of the acetal linkages along the polymer backbone. The
presence of well-defined crystallizable OBS segments joined
together by acetal spacers resulted in PBS-like semicrystalline
properties. The polyacetals showed slightly improved uncata-
lyzed hydrolytic degradability under elevated temperatures
compared to commercial PBS due to the presence of more labile
acetal linkages along the polymer main chain. Furthermore,
these polyacetals were rapidly degraded by selective cleavage of
acetal linkages under mild acidic conditions, and the recovered
oligomer was identical to the parent oligomer, which was an
OBS 4.5-mer. The controlled and selective degradability of the
acetal linkages could be explored to efficiently degrade the
polymers under mild conditions with potential chemical
recyclability. Lower-molecular-weight OBS 4.5-mer has ex-
cellent marine biodegradability, unlike commercial PBS and the
poly(OBS 4.5-mer-TEG acetal), which also showed relatively
good biodegradation, due to the generation of more
biodegradable products after the hydrolysis of acetal linkages.
Therefore, this strategy could be expanded to other monomers
to obtain polymers with properties similar to those of the
homopolymers while being selectively degradable in response to
specific chemical stimuli.
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