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ABSTRACT: Stereocomplexation is a useful strategy for the enhancement of polymer properties by the co-crystallization of 
polymer strands with opposed chirality. Yet, with the exception of PLA, stereocomplexes of biodegradable polyesters are 
relatively underexplored and the relationship between polymer microstructure and stereocomplexation remains to be 
delineated, especially for copolymers comprised from two different chiral monomers. In this work, we resolved the two 
enantiomers of a non-symmetric chiral anhydride (CPCA) and prepared a series of polyesters from different combinations of 
racemic and enantiopure epoxides and anhydrides, via metal-catalyzed ring-opening copolymerization (ROCOP). Intriguingly, 
we found that only specific chiral combinations between the epoxide and anhydride building blocks result in the formation 
of semicrystalline polymers, with a single stereocenter inversion inducing a change from amorphous to semicrystalline 
copolymers. Stereocomplexes of the latter were prepared by mixing an equimolar amount of the two enantiomeric 
copolymers, yielding materials with increased melting temperatures (ca. 20 °C higher) compared to their enantiopure 
constituents. Following polymer structure optimization, the stereocomplex of one specific copolymer combination exhibits a 
particularly high melting temperature (Tm = 238 °C).

Introduction 

The replacement of commodity plastics by bio-derived 
and environmentally benign alternatives is an ongoing 
endeavor owing to the environmental toll imposed by 
traditional polymers derived from fossil fuels. 1  Aliphatic 
polyesters, such as polyhydroxyalkanoates (PHAs) and 
polylactic acid (PLA), are notable targets owing to the 
hydrolytically susceptible ester linkage in their backbone 
and their bio-compatibility.2,3 Such polymers typically are 
derived from a single monomer, but this sourcing narrows 
the possibilities for tuning of their thermal and physical 
properties. 4  The metal-catalyzed ring-opening 
copolymerization (ROCOP) of epoxides and cyclic 
anhydrides, two building blocks that may be structurally 
varied, has emerged as an alternative, powerful tool for the 
preparation of polyesters. 5 , 6  Providing versatility in 
structure and property design, ROCOP has been used to 
prepare aliphatic polyesters from renewable resources 
with competitive properties relative to aromatic 
polyesters.7-9 To further improve the polymer performance, 
monomer structure, polymer stereochemistry, and polymer 
architecture also have been investigated.10  

High stereoregularity in the polymer backbone often 
leads to enhanced properties.11 In addition to cases where 
high tacticity or enantipurity orders packing of polymer 
chains, such ordering can also occur upon co-crystallization 
and assembly of two enantiopure polymers with opposite 

chirality (stereocomplexation), with the resulting 
crystallinity reflected in an increase in the melting 
temperature (Tm).10, 12 , 13  Stereocomplexation has been 
found to be a useful strategy for enhancing polymer thermal 
properties beyond those of its enantiopure constituents, 
with the effects being dependent on the structural 
attributes of the monomeric units. PLA-related polymers 
have been studied extensively for stereocomplexation,14-16 
and other examples include polymethylmethacrylates,17-22 
polycarbonates,12, 23 - 29  polyhydroxyalkanoates, 30 - 32 
polysaccharides, 33  and polycarbodiimides. 34 
Notwithstanding these advances, the number of polyester 
stereocomplexes is modest and much remains to be learned 
about the factors contributing to stereocomplexation.35-45  

A key research goal is to elucidate the stereochemical 
enhancement of aliphatic polyester properties and expand 
the scope of possible stereocomplexes in order to access 
new and potentially useful properties (Scheme 1). 46  In 
previous work, the synthesis of stereoregular 
poly(propylene succinate) by ROCOP using enantiopure 
propylene oxide (PO) was reported, and its corresponding 
stereocomplex was prepared by mixing equimolar amounts 
of the enantiopure isotactic R and S polymers. An increase 
in the Tm of nearly 40 °C was observed upon 
stereocomplexation (Tm,sc = 120 °C) of the homochiral 
copolymers. 47  The chiral salcy-Co catalyst used afforded 
high regiocontrol in the enchainment of the asymmetric 
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epoxides, which also was beneficial in the preparation of a 
series of stereoregular aromatic polyesters. These latter 
copolymers, prepared by ROCOP of phenyl glycidyl ethers 
and benzoic anhydride, also were shown to undergo 
stereocomplexation, thanks to the rigid backbone phenyl 
ring.48 More recently, a BINOL-based chiral salcy-Al catalyst 
demonstrated both high regio- and stereocontrol in ROCOP 
of racemic or meso epoxides with cyclic anhydrides. The 
resulting polymers also exhibited stereocomplexation, with 
an increase of between 25–45 °C in the Tm compared to the 
enantiopure constituents.49,50 In all of the aforementioned 
work, the regiocontrol was only achieved with the 
asymmetric epoxides, leaving the asymmetric anhydride 
regiocontrol unexplored. Furthermore, the stereoregularity 
of the polymers was derived from the inherent chirality of a 
single building block (epoxide), whereas the role of 
complemental chirality of two building blocks (epoxide and 
anhydride) and its effect on polymer properties was not 
investigated. Studies of stereospecificity in anhydride ring-
opening have been limited to the symmetric carbic 
anhydride (CPMA) and maleic anhydride (MA), focusing on 
differences in backbone microstructures derived from 
endo- or exo-CPMA and cis- or trans-MA.51-55 These reports 
only offered partial insight into the relationship between 
microstructures and polymer properties, 
stereocomplexation was not described, and further studies 
were limited by post-polymerization epimerization. 

We therefore sought to prepare and investigate the 
stereoselective interactions between polyesters comprised 
of both enantiomerically-pure epoxide and anhydride 
building blocks. Inspired by previously reported 
regioselective ROCOP processes with bio-sourced 

anhydrides using an achiral salph-Al catalyst,56 we chose to 
copolymerize butylene oxide (BO) and PO with 2-methyl-5-
norbornene-2,3-dicarboxylic anhydride (CPCA), the Diels–
Alder adduct of cyclopentadiene and citraconic anhydride, 
as a model non-symmetric anhydride. The latter is an 
isomerized product of itaconic anhydride, which is derived 
from citric acid pyrolysis or itaconic acid dehydration, with 
both acids readily available from biomass fermentation.57-59 
We report the discovery of copolymers of CPCA and PO that 
with specific stereoisomer combinations form 
stereocomplexes having high melting temperatures, with a 
Tm as high as 240 °C attainable upon optimization of the 

polymer structure.  

Results and Discussion 

To synthesize polyesters derived from optically-pure 
anhydrides, we first resolved the two enantiomers of CPCA, 
which were prepared by the Diels–Alder cycloaddition of 
cyclopentadiene and citraconic anhydride (Scheme 2). After 
hydrolyzing the racemic cyclic anhydride (CPCA; 25 g) to 
the corresponding diacid under basic conditions (89% 
yield; b and c), the (R)-enantiomer was selectively 
crystalized in high yield as a mono-salt by treatment with 
the enantiopure natural base cinchonidine (27 g, 88% yield; 
d).60 The (R)-diacid was restored upon treatment with HBr 
and converted back to the anhydride with acetyl chloride, 
affording the (R)-CPCA enantiomer in a multi-gram scale 
and in high yield (6.1 g, 86% overall yield; e and f). The (S)-
CPCA anhydride was isolated by treating the mother liquor 
of the (R)-CPCA crystallization with HBr and hydrolyzing 
the obtained (S)-CPCA diacid and corresponding ethyl ester 
mixture with 4M NaOH (18 g, 81% yield; e, b and c). 

Scheme 1. Regioregular polyester stereocomplexes. 

 

Scheme 2. Synthesis of CPCA enantiomers.  

 
Conditions: a) Cyclopentadiene, CHCl3, R.T., 24 h; b) NaOH(aq) 
4 M, 80 °C, 2 h; c) 37% HCl, R.T., 1 h; d) Cinchonidine, 85% 
EtOH, 90 °C; e) 10% HBr, R.T.; f) AcCl, reflux, 30 min; g) 10% 
Pd/C, R.T., 24 h. 
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Subsequently, conversion of the diacid to the cyclic 
anhydride, as described for the (R)-CPCA enantiomer, 
provided (S)-CPCA in a corresponding yield. Chiral High-
Performance Liquid Chromatography (HPLC) was used to 
evaluate the enantiopurity of the CPCA monomers. By 
comparing the retention times to those observed for the 
enantiomers of rac-CPCA, we determined that both 
anhydrides were obtained in high enantiopurity, 97–99% 
and 99% for (R)-CPCA and (S)-CPCA, respectively (see 
electronic supporting information; Figure S1). 

A series of regioregular poly(BO-alt-CPCA) and poly(PO-
alt-CPCA) polyesters was prepared by employing either 
racemic or enantiopure building blocks and a binary 
catalytic system comprising of [PPN]Cl and (tBusalph)AlCl, a 
highly regioselective catalyst for the copolymerization of 
epoxides and anhydrides (Table 1 and Table S1).56,61 The 
polymerizations were performed in neat epoxide and 
stopped shortly after reaching complete anhydride 
conversion in order to avoid undesired epimerization and 
transesterification side reactions (80 min.; determined by 
the typical color change of the reaction to red and 
corroborated by 1H NMR spectroscopy).61,62 The polymers 
were precipitated by the addition of methanol to the 
dichloromethane (DCM) product solution and dried under 
vacuum, resulting in high isolated yields (typically between 
90–95%). The number-average molecular weight (Mn) of 
the polyesters ranged between 5.6 and 10.9 kDa. Well-
controlled polymerization processes were evidenced by 
low dispersity values (Ð ~ 1.1). 

The microstructures of the resultant polyesters were 
analyzed by 1H and 13C{1H} NMR spectroscopy. For example, 
the NMR stack plot in Figure 1 enables comparison of the 
microstructures of a series of poly(BO-alt-CPCA) 
copolymers prepared with both enantiomerically-pure 
epoxide and anhydride building blocks (a); a single 

enantiomerically-pure building block (either epoxide or 
anhydride; b and c); and with racemic epoxide and 
anhydride monomers (d). As stereoregularity is enhanced, 
signals in the 1H NMR spectra sharpen, which is illustrated 
by the conversion of broad signals assigned to the 
methylene units of the ring-opened epoxide in the racemic 
polymers (Figure 1, 3.8–4.3 ppm, spectra b–d) to sharp, 
well-defined multiplet peaks in the polymer prepared from 
enantiopure (R)-BO and (R)-CPCA (Figure 1, spectrum a, 4.0 
and 4.1 ppm; data for the polymer prepared from (S)-BO 
and (R)-CPCA is shown in Figure S2). The differences in the 
olefinic peaks ~6.1–6.4 ppm in spectra a–d (Figure 1) are 
similarly striking. Likewise, the 13C{1H} NMR spectra of 
polyesters prepared from both enantiopure epoxide and 
anhydride display only two sharp carbonyl singlets, 
whereas polyesters comprised of racemic monomers 
exhibit multiple broad signals in the same region. Taken 
together, the NMR data show a highly-ordered regio- and 
stereoregular microstructure for poly((R)-BO-alt-(R)-
CPCA) compared to polymers derived from racemic 
monomers. 

In addition, several low-intensity signals were observed in 
the 1H NMR spectra (Figure S5). These could be ascribed to: 
polymer chain-ends; a decreased regioselectivity in the 
enchainment of PO or CPCA; formation of low molecular 
weight oligomers; or post-polymerization epimerization or 
trans-esterification. The high regiocontrol of the catalyst, 
showcased by the sharp carbonyl signals in the 13C{1H} NMR 
spectrum, and the lack of evidence for low molecular weight 
oligomers in GPC data (Figure S47), suggest that the minor 
signals are not related to regio-irregularity or oligomer 
formation. To test for post-polymerization epimerization or 
trans-esterification, we used 
tris(cyclohexylmethylamino)cyclopropenium chloride 
([CyPr]Cl) as co-catalyst instead of [PPN]Cl, as it is known 

Table 1. Polymerization conditions and characterizations of poly(BO-alt-CPCA) and poly(PO-alt-CPCA) 

 

entrya epoxide epoxide/CPCA Mn GPC (kDa)b Đ (Mw/Mn)b Tg (°C)c 

Tm (°C)c 

Tc (°C)c 1st heat 2nd heat 

1 BO R/R 6.7 1.08 51 n.d. n.d. n.d. 

2 BO S/R 8.1 1.10 52 156 n.d. n.d. 

3 BO R/R + S/Sd 5.9 1.09 51 n.d. n.d. n.d. 

4 BO S/R + R/Sd 7.1 1.10 55 150, 166 n.d. n.d. 

5 PO R/R 8.1 1.11 69 n.d. n.d. n.d. 

6 PO S/R 5.9 1.16 57 191 183 157 

7 PO R/R + S/Sd 6.9 1.18 61 n.d. n.d. n.d. 

8 PO S/R + R/Sd –e –e 58 218 216 173 

a [epoxide]:[CPCA]:[cat.]:[PPNCl] = 500:100:1:1. [epoxide] = 3.8 mmol. b Determined by GPC in THF, calibrated with polystyrene 
standards. c Determined by DSC. Reported Tg values are from second heat, Tm values are from first heat and second heat, and Tc 
values are from the first cool. d 1:1 mixture of enantiomeric polymers. e Not determined due to poor solubility. n.d. = none detected. 
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that [CyPr]Cl suppresses post-polymerization side-
reactions following complete monomer conversion. 63 
Copolymerization of (S)-PO and (S)-CPCA was performed 
with either [PPN]Cl or [CyPr]Cl, and the 1H NMR spectra of 

the obtained copolymers were compared (Figure S5). They 
display identical signals, ruling  out post-polymerization 
side-reactions and suggesting that the low-intensity signals 
correspond to polymer chain-ends.  

 

Figure 1. 1H NMR spectra of copolymers prepared with: a) (R)-BO and (R)-CPCA; b) rac-BO and (R)-CPCA; c) (R)-BO and 
rac-CPCA; d) rac-BO and rac-CPCA. 

Investigation of the thermal properties of the polymers 
was performed by differential scanning calorimetry (DSC). 
Poly((S)-BO-alt-(S)-CPCA) and the enantiomeric poly((R)-
BO-alt-(R)-CPCA), as well as the polyesters comprising of 
racemic building blocks, displayed only a Tg between 51 and 
57 °C (Table 1, entry 1 and Table S1, entries 1–5) that 
indicates that they are amorphous. In contrast, poly((S)-BO-
alt-(R)-CPCA) and its enantiomer poly((R)-BO-alt-(S)-
CPCA) displayed Tm values of 156 °C and 147 °C, 
respectively, on the first heat only (Table 1, entry 2 and 
Table S1, entry 6), suggestive of development of crystalline 
domains in the polymer upon precipitation from solution, 
situationally. The DSC thermograms (Figure S17–S20) did 
not exhibit a feature in this temperature regime upon 
cooling or a Tm on the second heat, indicating no 
crystallization upon cooling from the melt. We ascribe the 
slight discrepancy between the Tm values of the 
enantiomeric polymers to the difference in their molecular 
weights (8.1 and 6.9 kDa, respectively). The physical 
appearance of the polymers was also in line with the 
crystallinity indicated by the DSC data. Namely, the 
amorphous R/R and S/S polymers were lightweight solid 
foams while the semicrystalline S/R and R/S polymers were 
granular solids (Figure S50). Interestingly, despite the well-
defined microstructures exhibited by all polyesters derived 
from enantiomerically-pure building blocks, only the 
combination of S/R (or the enantiomeric R/S) building 
blocks displayed situational semicrystallinity. 

As in the case of BO-based copolymers, the PO-based R/R 
and S/S copolymers lacked a melting event in their DSC 
thermograms (Table 1, entry 5, and Table S1, entry 11) and 

thus are amorphous, while the S/R and R/S copolymers 
showed Tm features indicative of crystallinity. Notably, the 
Tm values for these PO-based copolymers were dramatically 
higher than for the corresponding BO-based systems, by 35 
°C to 53 °C (Table 1, entries 2 and 6; Table S1, entries 12 and 
13). We attribute the higher Tm values for the PO-based 
copolymers to tighter packing enabled by the less 
mobile/flexible methyl vs. ethyl side chain. Another 
difference relative to the BO-based polymers (Figure S27–
S30) is the appearance of repetitive melting behavior in the 
DSC thermograms for the PO-based copolymers, with a 
crystallization event upon the standard cooling condition, 
as well as Tm on the second heat, although with slightly 
lower values than on the first heat. The data thus show that 
the PO/CPCA polymers have higher crystallinity than their 
analogous BO/CPCA polymers. Most importantly, the data 
demonstrate that a transition from an amorphous to a 
semicrystalline polymer is enabled by a single inversion of 
a stereocenter along the polymer chain, and that a specific 
chiral combination of both epoxide and anhydride results in 
preferential packing, which affects the polymer 
crystallinity.  

To investigate the possible formation of stereocomplexes, 
equivalent amounts of polymers comprised of building 
blocks with opposed chiral senses were mixed in DCM and 
the solvent was allowed to slowly evaporate. The 1:1 
mixture of poly((S)-BO-alt-(S)-CPCA) and poly((R)-BO-alt-
(R)-CPCA) only displaying a Tg value of 51 °C, between that 
of the two enantiopure polymer strands (Table 1, entry 3), 
and thus is not semicrystalline. Similar results were found 
for the PO/CPCA copolymers (Table 1, entry 7). In contrast, 

d)

c)

b)

a)
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mixing the situational semicrystalline poly((S)-BO-alt-(R)-
CPCA) and poly((R)-BO-alt-(S)-CPCA) copolymers led to an 
average increase in the Tm of about 15 °C (Table 1, entry 4), 
suggesting stereocomplexation. Nevertheless, 
crystallization from the melt was not observed in the DSC 
thermogram. The S/R and R/S stereocomplex of the PO-
based polyesters afforded an increase of ca. 22 °C in the Tm 
on the first heat relative to the enantiopure polymers, and 
crystallization upon cooling at approximately 173 °C, along 
with a melting event on the second heating cycle (Table 1, 
entry 8; Figure S32). The immediate crystallization from the 
melt was previously noted for other PO-based polyesters, 
indicating higher crystallinity and more stable interlocked 
stacking.45 Notably, the semicrystalline complex is insoluble 
in THF for GPC analysis, in contrast to the individual 
polymers which readily dissolve. 

Upon subjecting the copolymers to multiple DSC cycles, 

we noticed a decrease in their Tg and Tm values. These 
changes were accompanied by broadening in GPC traces 
and new signals in 1H NMR spectra (Figures S47 and S48). 
These data point to a modification in the polyester chemical 
structure upon heating above the Tm. We performed a series 
of experiments to elucidate the degradation pathway. First, 
thermogravimetric analysis (TGA) was used to account for 

the mass loss upon heating. The TGA curve (Figure 2; blue 
line) displays a two-step process, with initial degradation 
(Td,5%) at 230 °C. The remaining mass after the first step 
correlates well with the expected residual mass (72%) 
following the removal of a cyclopentadiene unit from the 
polymer backbone in a retro Diels–Alder process. 
Furthermore, the 1H NMR spectrum of the polymer after 
heating (Figures S48 and S49) further supports the 
hypothesis, revealing the formation of new sharp signals at 
5.8 and 2.1 ppm, assigned to the double bond proton and 
methyl in the resulting polymer, poly(propylene 
citraconate), respectively. Finally, we subjected a sample of 
a poly((S)-PO-alt-(R)-CPCA) copolymer to heat (260 °C) in a 
sealed vial for 2 min. and condensed the vapor phase by 
rapid freezing. A brown polymeric material along with a 
colorless liquid were obtained, which were separated and 
analyzed by 1H NMR spectroscopy. The NMR spectrum of 
the polymer was similar to previously recorded data 
following polymer degradation, and that of the liquid 
corresponded to cyclopentadiene (Figure S49). Taken 
together, the results show that the poly(BO/PO-alt-CPCA) 

systems undergo thermal degradation via a retro-Diels–
Alder reaction.   

To avoid the degradation of the polyesters with similar Tm 
and Td values, the enantiopure CPCA monomers were 
hydrogenated to the corresponding CPCAH2 anhydrides in 
high yield (90%, Scheme 2; g), and subsequently employed 
as monomers for ROCOP with PO. The copolymers were 
obtained in similar yields to their CPCA-based analogues 
and displayed corresponding Mn and Ð values (Table 2 and 
Table S1). 1H NMR spectra of the copolymers confirm the 
retention of high regiocontrol in the polymerization process 
as well (Figure S6). Interestingly, DSC measurements 
display an increase in both the Tg and the Tm of the 
copolymers relative to their CPCA-based analogues (Table 
2, entries 1 and 2). Furthermore, poly((S)-PO-alt-(R)-

Table 2. Polymerization conditions and 
characterization of poly(PO-alt-CPCAH2) 

 

ent
rya 

PO/ 
CPCAH2 

Mn GPC 

(kDa)b Đb 
Tg 

(°C)c 

Tm (°C)c 
Tc 

(°C)c 1st  2nd  

1 R/R 6.7 1.15 74 n.d. n.d. n.d. 

2 S/R 8.9 1.15 75 218 218 178 

3 
R/R + 
S/Sd 

–e –e 72 206 n.d. n.d. 

4 
S/R + 
R/Sd 

–e –e 73 240 238 184 

a [epoxide]:[CPCA]:[cat.]:[PPNCl] = 500:100:1:1. [epoxide] = 
3.8 mmol. b Determined by GPC in THF, calibrated with 
polystyrene standards. c Determined by DSC. Reported Tg 
values are from second heat, Tm values are from first heat and 
second heat, and Tc values are from the first cool. d 1:1 mixture 
of enantiomeric polymers. e Not determined because of poor 
solubility. n.d. = none detected. 

                 

Figure 2. TGA curves of poly((S)-PO-alt-(R)-CPCA) (blue) 
and poly((S)-PO-alt-(R)-CPCAH2) (red). 
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CPCAH2) and poly((R)-PO-alt-(S)-CPCAH2) not only 
crystallize upon cooling from the melt, but also exhibit an 
almost identical Tm during the second heat, in contrast to 
the CPCA-based polyesters. TGA analysis was used to 
validate the higher stability of the CPCAH2-based polymers, 
compared to CPCA-based polymers, at elevated 
temperatures. Figure 2 shows that both poly((S)-PO-alt-
(R)-CPCAH2) and poly((S)-PO-alt-(R)-CPCA) are thermally-
stable under 200 °C. However, the Td,5% of the former is 
much higher compared to the CPCA-based copolymer, 286 
°C vs. 230 °C. The CPCAH2-based polymer exhibits a 
straightforward one-step degradation, and is completely 
degraded at approximately 380 °C. Conversely, the CPCA-
based polymer displays a two-step degradation pattern, 
with initial degradation at a relatively lower temperature 
due to the release of cyclopentadiene during the first stage 
(vide supra). We postulate that in this case, the residual 
polymer backbone has an alkene functionality, which may 
undergo cross-linking under heat, shifting the second step 
degradation to a higher temperature (which starts to cross 
over that of the CPCAH2-based polymer at about 325 °C) and 
making complete degradation harder to achieve.  

Similar to the CPCA-based polyesters, 
stereocomplexation by mixing semicrystalline poly((S)-PO-
alt-(R)-CPCAH2) and poly((R)-PO-alt-(S)-CPCAH2) in DCM 
leads to an approximate 20 °C increase in the Tm with 

respect to the enantiopure polymers, resulting in a fairly 
high melting temperature of 238 °C, and a crystallization 
temperature of 184 °C (Figure 3a–3c; Table 2, entry 4). The 
stereocomplex Tm is considerably higher than that of 
isotactic polypropylene (iPP; 171 °C) and close to 
polyethylene terephthalate (PET; 250 °C).64,65  Interestingly, 
mixing the amorphous poly((R)-PO-alt-(R)-CPCAH2) and 
poly((S)-PO-alt-(S)-CPCAH2) polyesters results in the 
formation of a semicrystalline stereocomplex for the first 
time in these polymer series, with a Tm of 206 °C observed 
situationally only on the first heat, probably due to the high 
backbone rigidity and tight packing regardless of the less 
ideal S/S or R/R stereocenter combination (Figure S43; 
Table 2, entry 3). We conclude that for all three polymer 
series, the S/R and R/S chirality combination affords 
crystallinity and stereocomplexation, with the poly(PO-alt-
CPCAH2) series displaying the highest crystallinity.  

Powder X-Ray Diffraction (PXRD) was employed to 
further study the crystallinity of the poly(PO-alt-CPCAH2) 
copolymers. Poly((R)-PO-alt-(R)-CPCAH2) exhibits one 
broad diffraction signal at 14.3° (Figure 3d), whereas 
poly((R)-PO-alt-(S)-CPCAH2) displays two distinct 
crystalline diffraction peaks at 13.6° and 16.6° (Figure 3e). 
The increasing peak sharpness showcases the higher 
crystallinity. The mixture of poly((R)-PO-alt-(S)-CPCAH2) 
and poly((S)-PO-alt-(R)-CPCAH2) exhibits new intense 

            

 

Figure 3. DSC thermograms (left) and PXRD spectra (right) of poly(PO-alt-CPCAH2): poly((R)-PO-alt-(S)-CPCAH2) (red); poly((S)-
PO-alt-(R)-CPCAH2) (blue); their stereocomplex (purple); and poly((R)-PO-alt-(R)-CPCAH2) (green). 
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crystalline diffraction signals at 12.9° and 15.1°, along with 
four minor signals at 9.4°, 17.2°, 18.1°, and 20.9° (Figure 3f). 
The different diffraction patterns prove the formation of 
new crystalline domains, consistent with the formation of a 
stereocomplex. 

Conclusions 

In this work we describe the first fundamental study of 
the relationship between the chirality of both epoxide and 
anhydride and the crystallinity of the resulting copolymers 
and their stereocomplexes. We successfully resolved 
racemic CPCA into its two enantiomers, and synthesized a 
series of their highly regio- and stereoregular copolymers 
with BO and PO by ROCOP, using the highly regioselective 
salph-Al catalyst. The enantiopure poly(BO-alt-CPCA) and 
poly(PO-alt-CPCA) copolymers display stereocomplexation 
behavior, which is derived from a specific combination of 
homochiral polymer constituents. Following monomer 
structural optimization, we were able to improve the 
resulting polymer crystallinity and thermal stability. The 
poly(PO-alt-CPCAH2) copolymers exhibit an increase of 20 
°C in the Tm following stereocomplexation, providing an 
aliphatic polyester stereocomplex with a Tm as high as 238 
°C. Future work will be focused on the development of 
catalysts for enantioselective ROCOP, to allow in situ 
stereocomplexation, as well as the investigation of 
polymerizations using additional bio-sourced 
enantiomerically-pure anhydrides to obtain polyesters with 
high melting temperatures. 
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