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Fig. 1 (a) Schematic diagram of the synthesis of ionic urea catalysts; (b) Different organic ureas and bases used for the

synthesis of ionic urea catalysts.
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Table 1 Polymerization of LA with different catalysts.

Entry Catalyst [M]:[Ini.]:[cat.] ® Time (min)  Conv. ® (%) TOF ¢ (h™") M, 4 (kDa) PDI ¢
1 U1BN 500:1:0.25 60 94.2 1.885x103 28.3 1.51
2 U1BP 500:1:0.25 60 93.9 1.879x103 37.8 1.46
3 UI1PN 500:1:0.25 40 69.0 1.289%103 28.3 1.52
4 U2BN 500:1:0.25 1.5 98.9 1.174x10? 37.8 1.34
5 U2BP 500:1:0.25 2.5 95.7 1.837x10% 42.6 1.44
6 U2PN 500:1:0.25 1.0 94.6 1.136x10° 53.6 1.63
7 U3BN 500:1:0.125 1.0 97.2 2.334x103 63.8 1.47
8 U3BP 500:1:0.125 1.0 97.1 2.333%103 535 1.63
9 U3PN 500:1:0.125 1.0 97.5 2.341x103 56.2 1.35

2 Conditions: 0.04 mmol BDM was used. [M], [Ini.] and [cat.] denote the molar amounts of monomer, initiator, and catalyst,

respectively, and [M]:[Ini.]:[cat.] represents the feed molar ratio employed in the polymerization; ® Determined by 'H-NMR;

¢ Amount of monomer converted by 1 mol of catalyst per unit time; ¢ Determined by GPC.
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Table 2 Polymerization of CL with different catalysts.

Entry Catalyst [M]:[Ini]:[cat.] 2 Time (min)  Conv.® (%)  TOF ¢ (h™) M, ¢ (kDa) PDI ¢
1 U1BP 500:1:0.5 0.5 98.1 1.176x10° 56.8 1.34
2 UIBN 500:1:0.5 94.2 2.820x10* 56.6 1.55
3 UIPN 500:1:0.5 2 60.0 1.800x10* 44.0 1.19
4 U2BP 500:1:0.5 10 82.0 4.920x103 46.7 1.61
5 U2BN 500:1:0.5 10 96.7 5.803x103 72.0 1.47
6 U2PN 500:1:0.5 15 85.0 3.400x103 50.3 1.19
7 U3BP 500:1:0.5 70 68.2 5.850x10? 38.7 1.54
8 U3BN 500:1:0.5 70 64.5 5.520x10? 36.4 1.44
9 U3PN 500:1:0.5 65 80.0 7.380%10? 45.6 1.47

10¢ U2BN 500:0:0.5 70 23.1 1.970x10? 13.1 1.26

2 (.05 mmol BDM was used; ® Determined by 'H-NMR; ¢ Amount of monomer converted by 1 mol of catalyst per hour;
4 Determined by GPC; ¢ Polymerization without the addition of BDM.
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Fig. 2 TOF values of CL and LA with different ionic urea-
base catalysts.
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Fig. 3 "H-NMR spectra of copolymerization of CL and VL
at different reaction time.

Table 3 Copolymerization of VL/CL catalyzed by U2BN with different reaction time ®.

Entry Sample Time (min)  CL Conv.? (%) VL Conv."(%) VLin polymer (%) M,°(kDa) PDI°®
1 S00VLA0CL 2 83.4 96.2 58.0 56.8 1.28
2 S00VLANCL 6 87.7 97.2 56.0 58.4 1.32
3 S00VLANCL 10 88.0 98.1 56.1 62.9 1.41
4 S00VLA0CL 60 94.3 98.0 51.5 78.2 1.57
5 S00VLA0CL 180 98.0 98.2 51.4 85.6 1.67

2 The copolymerization was carried out at room temperature with a feed molar ratio of VL:CL:BDM:U2BN = 500:500:1:0.5;

b Determined by '"H-NMR; ¢ Determined by GPC.
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Fig. 4 GPC traces of the polymeric products obtained at
different reaction time during CL and VL copolymerization.
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Table 4 Synthesis of PLA-PVCL-PLA using the U2BN catalyst.

Time CL Conv. ®

VL Conv. ® LA Conv. ® M, oo © M, ¢

Entry Sample ? ) PDI ¢
(min) (%) (%) (%) (kDa) (kDa)

1 1005VL/10CL 180 99.3 95.2 - 20.7 213 1.58

2 105VL/M0CL/MOLA 10 - - 65.8 29.4 23.4 1.57

3 1005V L/TOCL/1LA 30 - - 83.3 319 24.0 1.48

4 1005V L/100CL/LA 120 - - 96.3 333 29.3 1.43

2 Conditions: 0.05 mmol BDM, VL:CL:LA:BDM:U2BN=100:100:100:1:0.5; ® The superscript numbers represent the monomer
feed ratio to the initiator; ¢ Determined by 'H-NMR; ¢ Determined by GPC.
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Fig. 5 Synthesis of PLA-PVCL-PLA catalyzed by U2BN/BDM.
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Fig. 6 'H-NMR spectra of VL/CL/LA copolymerization catalyzed by U2BN with different reaction time.
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Fig. 8 Schematic illustration of the synthesis of PLA-PVCL-PLA triblock copolymer catalyzed by U2BN.
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Table 5 Synthesis of TPE using the U2BN catalyst®

Sample Entry Sample ® CLConv.°®(%) VLConv.®(%) LAConv.®(%) M,9(kDa)
TPE1 1-1 1005V L/190CL 98 92 - 20.2
1-2 1008V L/10CL/1L A - - 98 30.5
TPE2 2-1 2005V L/20CL 99 92 - 38.8
2-2 2005V L20CL/TOLA - - 96 45.7
TPE3 3-1 308 VLAOCL 98 95 - 56.9
3-2 3005VLAOCL/MTOLA - - 94 65.5

@ The numbers denote the monomer feed ratio to the initiator; ® Determined by GPC; ¢ Tensile test data: the symbol +
represented the standard deviation from at least three measurements.

Table 6 Summary of mechanical properties of PLA-PVCL-PLA films.

M,® Elastic modulus ¢ Tensile strength ¢ Elongation at break ¢
Sample Name ? Jeoft
(kDa) (MPa) (MPa) (%)
TPE1 SOPLA-10010pYCL-PLA  0.67 30.5 1.27+0.25 5.96+0.31 729+40
TPE2 SOPLA-200200pyCL-PLA  0.80 45.7 0.71+0.05 6.57+0.40 795+50
TPE3 SOPLA-300B0PYCL-PLA  0.86 65.5 1.04+0.10 13.73£2.41 848+110

@ Conditions: 0.05 mmol BDM, VL:CL:LA:BDM:U2BN = 100:200:300: 100:200:300:100:0.5; ® The superscript numbers
represent the monomer feed ratio to the initiator; ¢ Determined by 'H-NMR; ¢ Determined by GPC.
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Research Article

Efficient Synthesis of Block Copolyesters via Ring-opening Copolymeriza-

tion of Cyclic Esters Based on Ionic Urea—Base Organocatalysts

Wei-bin Pan', Xian-zhang Liu?, Jie Jin!, Du-bing Chen?, Yi-zhou Yang?, Yi Wen', Jing-shu Wu!,
Yong-hang Xu'*, Li-miao Lin?*, Min Zhang'
(!School of Materials and Energy, >School of Environment and Chemical Engineering, Foshan University,
Foshan, 528000)

Abstract To achieve green and efficient ring-opening copolymerization of cyclic monomers and prepare

sustainable block copolyesters, this study developed a series of bifunctional ionic organocatalysts based on ureas

and organic bases. These catalysts exhibited excellent catalytic activity and controllability in the ring-opening

polymerization of lactides and lactones, achieving a turnover frequency (TOF) as high as 2.341x10° h™! in the

homopolymerization of lactide. Among the prepared bifunctional ionic urea-base organocatalysts, the catalyst

U2BN, derived from the reaction of 1,3-diphenylurea (U2) and tetrabutylammonium hydroxide (BN), exhibited

high catalytic activity toward both lactide and caprolactone simultaneously. Therefore, a triblock copolyester with

poly(e-caprolactone-co-d-valerolactone) (PCVL) as the soft segment and polylactide (PLA) as the hard segment

* Corresponding authors: Yong-hang Xu, E-mail: yonghangxu@fosu.edu.cn

Li-miao Lin, E-mail: linlimiao@fosu.edu.cn
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was successfully synthesized via a one-pot sequential feeding strategy using U2BN. Nuclear magnetic resonance
(NMR) and gel permeation chromatography (GPC) analyses confirmed the ABA sequence structure. The PLA-
PVCL-PLA block copolyester exhibited a microphase-separated morphology, as evidenced by the distinct melting
peaks of PVCL and PLA in the differential scanning calorimetry (DSC) analysis. This structural feature endowed
the polymer with thermoplastic elastomer characteristics, achieving a combination of high elongation at break and
high elastic recovery. This study provides a new strategy for the catalytic and structural regulation of

biodegradable copolyesters.

0@ ®N'Bu,
)\ Versatile  Efficient
RI\N/ N-R? controllable  convenient
H
(0] (0] CBTO
(0] 121 o 0——0——0
/QO\/\/\H/O\M/%\O B E PLA

= L

5 o n o 0.3 PCLO
X 02f \

o X
o S 0.1f
= o O\o\
O o) 0 n—n—n/

O
O, O.
OJW Ownnarnnannans ()1
M o \/\/\[(1)/ n \3\9 \Qﬁ \ng’)fb qfi’ﬁ q,?$ 3%$\§>9 '5‘2$

105 =

Catalyst

Keywords Bifunctional organocatalysts; Urea; Ring-opening polymerization; Block copolyesters

12.5

1202
=
1152

X

11.0 =



