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ABSTRACT: Isotactic polythioesters (PTEs) that were thioester analogs to polyhydroxyalkanoates (PHAs) has attracted growing 
attention due to their distinct properties. However, the development of chemically synthetic methods to prepare isotactic PTEs has 
long been an intricate endeavor. Herein, we report the successful synthesis of a perfectly isotactic PTE via stereocontrolled ring-
opening polymerization. This binaphthalene-salen alumnium (SalBinam-Al) catalyst promoted a robust polymerization of rac-α-
substituted-β-propiothiolactones (rac-BTL and rac-PTL) with highly kinetic resolution and afforded perfectly isotactic P(BTL) and 
P(PTL) with Mn up to 276 kDa. More impressively, the isotactic P(BTL) contributed to forming a supramolecular stereocomplex with 
improved thermal property of Tm = 204 °C. Ultimately, this kinetic resolution polymerization enabled the facile isolation of enanti-
opure (S)-BTL, which could efficiently convert to an important pharmaceutical building block (S)-2-benzyl-3-mercapto-propanoic 
acid. Isotactic P(PTL) served as a tough and ductile material comparable to the commercialized polyolefins. This synthetic system 
allowed to access of isotactic PTEs, establishing a powerful platform for the discovery of sustainable plastics. 

INTRODUCTION 
The growing accumulation of plastic waste have be-

come major threats to the planet.1,2 The development of 
biodegradable polymers has been considered as an ap-
pealing and promising approach to addressing plastic 
pollution.3–6 Polyhydroxyalkanoates (PHAs) that were 
naturally produced by bacteria and other microorgan-
ism have emerged as state-of-the-art bioplastic owing 
to their inherent biodegradability and excellent bio-
compatibility.7–9 The large PHA family comprising di-
verse structures offered tunable material performance 
and a wide range of applicability. Importantly, the per-
fect isotacticity with each pendant group having exclu-
sively (R)-configuration is the key to the superior ther-
mal, mechanical, and biodegradable performance of 
PHAs.10 The incorporation of sulfur element into poly-
mers has been exploited to impart the resulting materi-
als with unique properties such as outstanding optical 
and electrical features, potential coordinating ability to 
heavy metal ions, and chemical recyclability.11–23 Con-
sequently, this sulfur reformation to prepare the thioe-
ster analogs to PHAs by replacing the oxoester link-
ages with thioester counterparts are of great interest, 
which would deliver distinct material performance and 

pave the way to more diversified applications. How-
ever, these desired isotactic polythioesters (PTEs) are 
remained less explored due to their challenging prepa-
ration. Poly(3-mercaptovalerate) (P3TB) that was bio-
synthesized by engineered Escherichia coli is one of 
the very first reported isotactic PTE which exhibited 
different physical properties from poly(3-hydroxy-
butyrate) (P3HB).24 However, the current biosynthetic 
method is still facing many formidable challenges in-
cluding limited scalability and high production cost. 
Chemical synthetic route via ring-opening polymeriza-
tion (ROP) of thiolactones (TLs) to prepare isotactic 
PTEs would serve as a desirable alternative to circum-
vent the abovementioned disadvantages. 

The development of chemically synthetic methods to 
prepare isotactic polythioesters has long been an intri-
cate endeavor (Figure 1). Direct ROP of enantiopure 
TLs is supposed to be a straightforward route, but the 
availability of enantiopure TLs is limited. Moreover, 
the occurrence of an undesirable and inevitable race-
mization appeared as another major obstacle to accom-
plish efficient stereoretentive polymerization of enan-
tiopure TLs. Racemization is a common phenomenon 
found in thioester chemistry due to the increased 
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acidity of α-methine hydrogen.25,26 In fact, this racemi-
zation phenomenon not only complicates the ROP of 
enantiopure TLs but also presents challenges for the 
stereoselective ROP of racemic thiolactones. Moreo-
ver, the poisoning of the organometallic catalysts by 
sulfide chain-end and the occurrence of undesirable 
chain-transfer side reactions pose additional obstacles 
to achieving highly stereoselective ROP of rac-TLs. 
Therefore, to control the stereoselectivity in the ROP 
of rac-TLs remains challenging. In contrast to numer-
ous catalytic systems that were reported to facilitate the 
chemical synthesis of stereoregular PHAs through ste-
reoselective ROP of racemic four-membered lac-
tones,27–38 only one elegant work from Capentier, Guil-
laume, and coworkers has manifested the feasibility of 
stereocontrolled ROP of racemic four-membered thio-
lactone to prepare isotactic cyclic P(3TB) with a Pm of 
0.90 (Pm is the probability of meso linkages between 
monomer unites) at −80 °C.39 This precedent prompted 
us to explore new catalysts and TLs to achieve the 
chemical synthesis of isotactic PTEs.  

 

 

Figure 1. The Challenge of accessing isotactic polythioesters 
(PTLs). a) Ring-opening polymerization of enantiopure thio-
lactones. b) Stereocontrolled ring-opening polymerization of race-
mic thiolactiones.  

We envisioned that a relatively high steric hindrance 
on the α-position of TL monomer could effectively in-
hibit the undesirable chain-transfer side reaction to 
achieve well-controlled polymerization fashion. As 
proof of concept, rac-α-benzyl-β-propiothiolactone 
(rac-BTL) was targeted since its derivative (S)-2-ben-
zyl-3-mercapto-propanoic acid ((S)-BMPA) acted as a 
valuable building block for biomedince.40,41 Excitingly, 
the synthesis of perfectly isotactic P(BTL) is accom-
plished by a highly kinetic resolution ROP of rac-BTL 
with an optimized racemic binaphthalene-salen alumi-
num catalyst. Mechanistic investigation revealed this 
catalytic system favored an enantiomorphic-site con-
trol mechanism with a kinetic resolution factor of 142. 
More impressively, these isotactic P(BTL) contributed 
to forming a stereocomplexed product with a 

significantly increased Tm of 204 °C. Ultimately, this 
kinetic resolution polymerization allowed for the facile 
isolation of (S)-BTL, which was capable to convert to 
(S)-BMPA efficiently. This kinetic resolution polymer-
ization strategy was further applied for the preparation 
of isotactic P(PTL) bearing isopropyl side chains. The 
obtained isotactic P(PTL) demonstrated distinct ther-
mal and mechanical performance, demonstrating a 
powerful platform towards isotactic PTEs with tunable 
properties. 
RESULTS AND DISCUSSION 

Stereoselective ring-opening polymerization. Rac-
BTL was prepared on gram-scale with an overall yield 
of 49% according to a modified literature procedure 
(Scheme S1).42 Initially, commercially available 
La[N(SiMe3)2]3 (La) was examined for the ROP of rac-
BTL in presence of  benzyl mercaptan (BnSH) as an 
initiator at room temperature, which afforded atactic 
P(BTL) (Pm = 0.54). In the previous report, it’s found 
that tetradentate alkoxy-amino-bis(phenolate) yttrium 
catalyst (Y),43 β-diiminate zinc complex (Zn),44 and 
aluminum-salen complexes (Al1, Al2, and Sal-
BinamAl)45–48 demonstrated powerful stereoselectivity 
towards the ROP of  cyclic esters. Motivated by these 
seminal findings, the ROP of rac-BTL with these cata-
lysts was next investigated at a [rac-
BTL]:[Cat.]:[BnSH] ratio of 100:1:1 (Table 1 and Ta-
ble S2). Catalyst Y facilitated the polymerization to 
completion within 1 min, producing P(BTL) with Pm 

of 0.35. The polymerization induced by Zn under a 
similar condition was sluggish and lack of stereoselec-
tivity, approaching 96% monomer conversion in 10 h 
and yielding atactic P(BTL) (Pm = 0.48) (Table 1, entry 
3). The cyclohexanediamine-based salen Al1 exhibited 
limited catalytic activity for the polymerization (Table 
1, entry 4). Changing the chiral scaffold to binaphtha-
lene-salen Al2 allowed for a boost for polymerization 
activity albeit low stereoselectivity (Table 1, entry 5).   

In an effort to engineer this salen system with im-
proving stereoselectivity, a steric modification of the 
substituent on the ortho position from hydrogen (H) to 
tert-butyl groups (t-Bu) was executed to prepare rac-
SalBinam-Al. Gratifyingly, rac-SalBinam-Al pro-
moted perfectly enantioselective polymerization of 
rac-BTL, creating perfectly isotactic P(BTL) with Pm 
> 0.99 (Table 1, entry 6). It should be noted that the 
resulting isotactic P(BTL) precipitated out from the ho-
mogenous toluene solution during the polymerization 
process due to its decreased solubility in comparison 
with atactic P(BTL). Instead, all the obtained P(BTL) 
samples was characteried by size exclusion chromatog-
raphy (SEC) in 1,2,4-C6H3Cl3 at 150 ℃. Increasing the  
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Table 1. Ring-opening polymerization results of rac-BTL.a  

 
Run Cat. [M]:[Cat.]:[BnSH] Time (min) Conv. (%)b Mn

c (kDa) Ðc Pmd 
1 La 100:1:1 5 >99 14.6[e] 4.12[e] 0.54 
2 Y 100:1:1 1 >99 19.8[e] 1.32[e] 0.35 
3 Zn 100:1:1 10 h 96 11.5[e] 1.39[e] 0.48 
4 Al1 100:1:0 40 - - - - 
5 Al2 100:1:0 6 >99 120[e] 1.47[e] 0.57 
6 rac-SalBinamAl 100:1:1 15 >99 11.6 2.82 0.99 
7 rac-SalBinamAl 200:1:1 25 89 23.6 2.72 0.99 
8 rac-SalBinamAl 400:1:1 30 80 46.6 2.98 0.99 
9 rac-SalBinamAl 800:1:1 90 70 81.9 2.82 0.99 
10 rac-SalBinamAl 100:1:0 10 >99 113 2.04 0.99 
11 rac-SalBinamAl 200:1:0 20 98 153 2.53 0.99 
12 rac-SalBinamAl 400:1:0 70 >99 232 2.40 0.99 
13 rac-SalBinamAl 800:1:0 100 >99 243 2.43 0.99 

14 (R)-SalBinamAl 100:1:1 
18 53 6.7 2.24 0.99 

20 h 95 13.4 2.14 0.99 

15 (S)-SalBinamAl 100:1:1 18 53 6.1 2.27 0.99 
20 h 94 11.9 2.24 0.99 

16[f]  rac-SalBinamAl 800:1:0 8 92 170 

 

2.69 0.99 
17[f] rac-SalBinamAl 1600:1:0 30 81 195 2.71 0.99 
18[f] rac-SalBinamAl 2000:1:0 35 89 224 2.61 0.99 

aConditions: The reactions were performed in a dry argon atmosphere, room temperature, monomer = 178 mg (1 mmol), [1 M], initiator = 
BnSH, solvent = toluene. bDetermined by 1H NMR spectroscopy. cNumber-average molecular weight (Mn) and dispersity index (Đ = Mw/Mn) 
determined by size exclusion chromatography (SEC) in 1,2,4-C6H3Cl3 at 150 ℃ versus polystyrene standards. dPm is the probability of meso 
linkages between monomer units determined by 13C NMR spectroscopy. eNumber-average molecular weight (Mn) and dispersity index (Đ = 
Mw/Mn) determined by SEC in THF at 40 ℃ versus polystyrene standards. fThe reaction temperature was 80 ℃. 

[rac-BTL]:[Cat.]:[BnSH] ratio from 100:1:1 to 800:1:1 
led to an increase in polymer number-average molecu-
lar weight (Mn) from 11.6 to 81.9 kDa (Table 1, entries 
6−9). The broad dispersity (Ð = 2.72−2.98) and the in-
consistency between the experimental Mn values and 
theoretical values could be attributed to the hetero-
genous polymerization process. Interestingly, the 
polymerization in absence of the initiator BnSH fur-
nished unexpected high-Mn P(BTL) ranging from 113 
to 243 kDa while preserving the perfect isoselectivity 
(Table 1, entries 10−13). We inferred the inefficient in-
itiation process of SalBinam-Al led to this phenome-
non.   

To fully elucidate the stereoselective performance of 
SalBinam-Al, enantiopure (R)-SalBinam-Al and (S)-
SalBinam-Al were prepared and evaluated for the 

polymerization (Figure 2a). The structure of (R)-Sal-
Binam-Al was confirmed by single crystal X-ray dif-
fraction analysis (Figure 2b). The ROP mediated by 
(R)-SalBinam-Al reached 53% monomer conversion in 
18 min and furnished isotactic P[(R)-BTL)] with a Mn 
of 6.7 kDa (Pm > 0.99) (Table 1, entry 14). The re-
mained unreacted monomers (S)-BTL were determined 
in 99% ee (enantiomeric excess) according to the chiral 
high-performance liquid chromatography (HPLC) 
analysis (Figure S97), indicative of an enantiomorphic-
site control mechanism.  Continuingly, it further re-
quired 20 h to achieve 95% monomer conversions and 
afford isoblock P(BTL) with a 2-fold increased Mn of 
13.4 kDa. (S)-SalBinam-Al followed a similar reactiv-
ity and stereoselectivity patterns of its enantiomer (R)-
SalBinam-Al, delivering isotactic P[(S)-BTL)] (Pm > 
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Figure 2. Stereocontrolled ring-opening polymerization of rac-BTL. a) Scheme of the stereocontrolled ROP of rac-BTL. b) Chemical struc-
ture of SalBinamAl and the X-ray crystal structure of (R)-SalBinamAl (ORTEP view, displacement ellipsoids drawn at 50% probability 
level). Hydrogen atoms have been omitted for clarity.  

 

 
Figure 3. Characterization of P(BTL). a) 1H NMR spectra of isotactic P(BTL), P[(S)-BTL], and atactic P(BTL). b) 13C NMR spectra of 
isotactic P(BTL), P[(S)-BTL], and atactic P(BTL). c) MALDI-TOF mass spectrum of isotactic P(BTL). d) TGA curves of isotactic P(BTL), 
P[(S)-BTL], and atactic P(BTL). e) DSC curves of isotactic P(BTL), P[(S)-BTL], and atactic P(BTL). f) PXRD patterns of isotactic P(BTL), 
P[(S)-BTL], P[(R)-BTL], and atactic P(BTL). 
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0.99) in 53% conversion within 18 min and isoblock 
P(BTL) in 95% conversion at 20 h (Table 1, entry 15). 
These findings supported a kinetic resolution mecha-
nism for the SalBinam-Al-mediated polymerization. 

Characterization of P(BTL). To study the tacticity 
of P(BTL), isotacic P[(S)-BTL] was prepared as a ref-
erence via the ROP of (S)-BTL (Table S2, entry 5). (S)-
3-(Acetylthio)-2-benzylpropanoic acid resolved by 
conventional crystallization separation of a pair of dia-
stereomers of quinine salt was utilized as the starting 
material to synthesize enantiopure (S)-BTL (99% ee, 
Scheme S2). 1H NMR and 13C NMR spectroscopy 
were employzed to illustrate the stereoregularity of 
P(BTL). Despite the limited solubility in chloroform-
d, these isotactic P(BTL) samples were able to be com-
pletely solubilized by the addition of HFIP (hexaflu-
roisopropanol). Compared with the 1H NMR spectrum 
of atactic P(BTL) having multiple broad chemical res-
onances at 3.2−2.6 ppm and 7.3−2.6 ppm, those of iso-
tacic P(BTL) showcased clearly better resolved peaks 
(Figure 3a). Additionally, atactic P(BTL) displayed a 
complicated 13C NMR spectrum with the appearance 
of multiple sets of resonance peaks at the full range 
(Figure 3b). In contrast, isotactic P(BTL) and P[(S)-
BTL] illustrated the identical 13C NMR spectra with 
single set of peaks associated to each carbon reso-
nance, indicative of the perfect isotacticity. 

Matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) mass spectroscopy was con-
ducted on a low-molecular-weight sample produced by 
[rac-BTL]:[rac-SalBinam-Al]:[BnSH] = 25:1:1 to dis-
close the microstructure of the obtained isotactic 
P(BTL). Its MALDI-TOF mass spectrum consisted of 
two series of molecular ion peaks with the spacing be-
tween the two neighboring molecular ion peaks con-
sistent to the exact molar mass of the repeat unit (m/z 
= 178.05) (Figure 3c). Upon a linear fitting of the data 
(Figure S56), the major set of peaks corresponded to 

linear chains end-capped with BnSH groups, while the 
other series corresponded to linear chains with iPrOH 
as the chain ends due to the direct initiation by Sal-
Binam-Al.  

To probe the tacticity effect on the thermal perfor-
mance of P(BTL), thermal gravimetric analysis (TGA) 
and differential scanning calorimetry (DSC) experi-
ments were carried out. All these P(BTL) samples 
demonstrated similar thermal stability with Td (onset 
decomposition temperature, defined by the tempera-
ture of 5% weight loss) of ~277 °C (Figure 3d), which 
was comparable to commercialized PHAs.49,50 The 
DSC study revealed that atactic P(BTL) was amor-
phous materials with a glass transition temperature (Tg) 
of 32 °C. In a sharp contrast, isotacic P[(S)-BTL] ex-
hibited a Tg of 35 °C and a melting transition tempera-
ture (Tm) of 174 °C, manifesting the significance of 
polymer stereoregularity (Figure 3e). Interestingly, the 
appearance of a new melting transition was observed 
at ~202 °C for isotactic P(BTL), which might ascribe 
to stereocomplexation between P[(S)-BTL] and P[(R)-
BTL] blocks in the polymer material. The formation of 
stereocomplexation during the polymerization process 
might not be efficient due to the poor solubility of iso-
tactic P(BTL), leading to the coexistence of two melt-
ing transitions. To address this issue, thermal pro-
cessing at a slow heating rate of 2 °C/min was per-
formed on this isotactic P(BTL) sample. The success-
ful transformation to a clear Tm of 204 °C on the third 
heating scan suggested a fully stereocomplexed isotac-
tic P(BTL). The PXRD patterns of this isotactic 
P(BTL) sample demonstrated more sharp and intense 
peaks in comparison with those of P[(S)-BTL] and 
P[(R)-BTL], providing corroborative evidence for its 
stereocomplexation effect (Figure 3f). The presence of 
stereocomplexation in this polymer system offered in-
triguing opportunity for the modulation of the material 
performance of P(BTL).  

 

 

Figure 4. Mechanistic study of SalBinamAl-mediated kinetic resolution polymerization of rac-BTL. a) Kinetic plots of the ROP of BTL. 
0.5 M in toluene, room temperature (rt), [BTL]:[SalBinamAl] = 400:1. b) ee (enantiomeric excess percentage) of unreacted BTL over con-
version plots. c) Chiral HPLC spectra for the reaction solution of the (R)-SalBinam-mediated ROP of rac-BTL over monomer conversion.  
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Mechanistic study of SalBinamAl-mediated 
polymerization of rac-BTL. To gain further insights 
into the stereoselective mechanism of SalBinam-Al, 
kinetic study for the ROP of BTL with a 
[BTL]:[SalBinam-Al] ratio of 400:1 in 0.5 M toluene 
solution was performed via monitoring the change of 
monomer conversions over reaction time. The kinetic 
plots were summarized in Figure 4a. Interestingly, an 
induction period of 15−25 min was observed at the 
early stage for each plot and linear correlation between 
ln([BTL]0/[BTL]t) and reaction time was achieved if 
omitted their induction period. We speculated that the 
slow initiation of the isopropoxide ligand (OiPr) due to 
the high oxophilicity of the salen-based aluminum site 
was responsible for this induction period. This result 
also provided reasonable explanation for the unex-
pected high-Mn P(BTL) because of the low initiation 
efficiency.  It should be noted that the addition of BnSH 
could not eliminate this induction period, indicating 
that BnSH worked as a chain transfer agent instead of 
an initiator during the polymerization process. This de-
duction was also confirmed by the absence of 1H NMR 
spectral change of mixing SalBinam-Al and BnSH in 
1:1 ratio (Figure S113). Attempts to accelerate the ini-
tiation step by increasing the polymerization tempera-
ture to 80 °C was next carried out, which expedited the 
polymerization process significantly (Table 1, entries 
16−18). More impressively, the perfect isoselectivity 
of SalBinam-Al for the ROP of BTL was preserved at 
this industrially relevant temperature (80 °C), high-
lighting the superiority of our kinetic resolution 
polymerization strategy. 

The polymerization of (S)-BTL catalyzed by (S)-Sal-
Binam-Al showed a first-order kinetic with a slope 
(kS/(S)-BTL) of 0.114 min−1. In striking contrast, only 
trace conversion was detected for the polymerization 
of (S)-BTL by (R)-SalBinam-Al evidenced by a slope 
(kR/(S)-BTL) of 0.0008 min−1, illustrating that (S)-Sal-
Binam-Al had an enantioselectivity for (S)-BTL. Col-
lectively, these present data supported a kinetic resolu-
tion mechanism with very high kS/(S)-BTL/kR/(S)-BTL ratio 
of 142 (Figure S111). Additionally, the rate constant for 
rac-SalBinam-Al-mediated ROP of rac-BTL (krac/rac-
BTL) was calculated to be 0.074 min−1. Chiral HPLC 
analysis of the unreacted monomer solution during this 
polymerization process revealed the ee remained close 
to 0 (Figure 4b), indicating the consumption of (S)-
BTL and (R)-BTL at same time. As a comparison, (R)-
SalBinam-Al accommodated the ROP of rac-BTL with 
a kR/rac-BTL of 0.019 min−1 accompanied by an increase 
in ee of the remained unreacted monomer solution. 
Only the consumption of (R)-BTL was detected until 
monomer conversion up to 50% by chiral HPLC anal-
ysis (Figure 4c). This result clearly identified the chiral 

preference of (R)-SalBinam-Al to (R)-BTL over (S)-
BTL. Consequently, this enantiopure SalBinam-Al by 
creating a sterically chiral microenvironment enabled 
precise enantio-discrimination of BTL monomer, 
demonstrating an effective kinetic resolution polymer-
ization mechanism. 
The Application of kinetic resolution polymeriza-
tion to prepare (S)-BMPA. Driven by the kinetic res-
olution polymerization, a facile isolation of (S)-BTL 
was accomplished by the (R)-SalBinam-mediated ROP 
of rac-BTL terminated at 54% monomer conversion. 
Notably, (S)-BTL was capable of converting to (S)-2-
benzyl-3-mercapto-propanoic acid ((S)-BMPA, >99% 
ee) by a 2-step treatment (Figure 5). (S)-BMPA was 
found to be an effective inhibitor of carboxypeptidase 
A (CPA) and an important pharmaceutical building 
block for painkiller prodrugs such as RB-120.40,41,51 
(S)-BTL was able to undergo alcoholysis quantitatively 
by immersed in methanol solution of sulfuric acid. (S)-
BMPA was collected in 79% yield upon the hydrolysis 
of the methyl ester intermediate with aqueous NaOH 
solution and acidification to pH = 1 (Figure S114). It 
represented an advanced approach for the preparation 
of (S)-BMPA in comparison with the sophisticated tra-
ditional patent separation method52 (Scheme S2), 
which required multiple recrystallizations to yield (S)-
BMPA. Overall, this ideal kinetic resolution polymeri-
zation not only offered an appealing strategy for the 
preparation of perfectly isotactic polythioesters but 
also established a direct pathway for the synthesis of 
enantiopure α-substituted four-membered thiolactones 
and enantiopure α-substituted 3-mercaptopropanoic 
acids. 
 

 

Figure 5. The application of SalBinamAl-mediated kinetic resolu-
tion polymerization to prepare (S)-BMPA. 

 
Exploration of isotactic P(PTL). To further expand 
the application of our synthetic strategy, the ROP of 
rac-α-isopropyl-β-propiothiolactone (rac-PTL) was 
explored under a similar condition. Notably, this 
polymerization featured the well-established
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Figure 6. Synthesis and characterization of isotactic P(PTL). a) Stereocontrolled ring-opening polymerization of rac-PTL. b) DSC curves 
of isotactic P(PTL) and atactic P(PTL). c) Strain-stress curves of isotactic P(PTL). 

isoselective fashion and yielded isotactic P(PTL) (Pm > 
0.99) with a range of Mn values from 22.4 to 276 kDa 
and narrow Ð (< 1.6) (Figure 6a, Table S10). It was 
noteworthy that the obtained isotactic P(PTL) exhib-
ited improved solubility in comparison with P(BTL). 
In contrast to amorphous atactic P(PTL) having a Tg of 
20 °C (Figure S126), DSC analysis disclosed that iso-
tactic P(PTL) was semicrystalline with a Tm of 75 °C 
on the first heating scan (Figure 6b, Figure S127). The 
crystallinity and excellent processability of isotactic 
P(PTL) encouraged us to further investigate its me-
chanical property. Dog-bone shaped specimens were 
prepared by melt pressing at 100 °C and subjected to 
tensile testing experiments. The strain-stress curves re-
vealed that P(PTL) represented a tough and ductile ma-
terial with a yielding tensile strength (𝜎Y) of 27.5 ± 2.8 
MPa, a tensile strength at break (𝜎B) of 14.4 ± 3.4 MPa, 
an ultimate elongation at break (ɛB) of 588 ± 49% and 
elastic modulus (E) of 321 ± 45 MPa (Figure 6c), 
which was comparable to the commercialized polyole-
fins.53 

 
CONCLUSIONS 

In summary, we have developed an efficient strategy 
to prepare isotactic PTEs via stereoselective ROP. This 
SalBinam-Al catalyst facilitated an effective and ro-
bust polymerization of rac-α-substituted-β-propiothio-
lactone (rac-BTL and rac-PTL) with highly kinetic 
resolution and allowed to access of perfectly isotactic 
PTEs with Mn up to 276 kDa. Mechanistic investiga-
tion of the ROP of rac-BTL illustrated an enantiomor-
phic-site control mechanism with a kinetic resolution 
factor of 142. Notably, this kinetic resolution polymer-
ization was exploited for the facile preparation of the 
enantiopure (S)-BMPA, an important pharmaceutical 
building block. The obtained isotactic polythioester 
P(BTL) behaved as semicrystalline thermoplastic with 
a high melting temperature (∼175 °C) and an enhance-
ment of melting temperature to 204 °C was accom-
plished via stereocomplexation. Additionally, isotactic 

P(PTL) displayed tough and ductile mechanical perfor-
mance with 𝜎B of 14.4 ± 3.4 MPa and ɛB of 588 ± 49%. 
Overall, we expected that this powerful synthetic plat-
form will open up intriguing opportunities to access of 
isotactic PTEs with a wide range of notable properties 
and potential applications.  
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