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Fig. 1 (a) CO, conversion into various high-value chemicals; (b) Synthetic routes to aliphatic polycarbonates.
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Fig. 2 Synthesis and ring-opening polymerizations of cyclic carbonates derived from CO,/diol reactions.
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Fig. 5 CO, and natural sugar 2-deoxy-D-ribose were used to prepare two types of substituted sugar cyclic carbonate

monomers, as well as their ring-opening polymerization and copolymerization with trimethylene carbonate to prepare aliphatic

polycarbonates with tunable properties.
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Fig. 6 (a) Hypothesized mechanism for the polymerization of trimethylene carbonate promoted by complex [Zn] and the
alcohol used as the cocatalyst (R = Bn); (b) Possible ring-opening sites of 1-methyl trimethylene carbonate and the corresponding

polymer microstructures..
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Fig. 12 (a) Synthesis of trans-fused seven-membered cyclic carbonate monomers; (b) Ring-opening polymerizations using

[Y1]/BnOH as catalyst; (c) Chemical recycling process of polycarbonate depolymerizing into dimers under MeOK catalysis.
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Fig. 14 (a) Synthesis of bifunctional seven-membered cyclic carbonate monomers; (b) Comparison between organic and

metal-mediated ring-opening polymerizations of seven-membered cyclic carbonates; (c) Simple hydrolysis of polymer by

aqueous NaOH.

3 N\ SRS FIRRES

e Rk, RE T R RER G IR il A
FHAAECOHBRBREETT A RS, )R
P A X g A 0109~ )\ T PR B R 6 11 A 15 T 3R
REKIIMIGACBERAG . BP0 B
ARATGA AT 1,5- R )\ TR R B 5
P, R4 T AR e Bk i 1 ) BT A RS (TR A
Bt 22) DA S nT 45 5 A AL TV

Buchard 576821 755 F T &5 A& 1,5- 1)K

VIR, Pl B I T S SR I RS B = ) 4 5 TR
LR, FEU\ TR ER R AR A AR 2
PR . Hedrick 50Uk J& 7 —Fi 2T TMEDA 5 =&
& (TEA) R & B A 5 10 5 206 ORI . DL = O
JE(DEAY NI AEF R, 48 N-fed b e B 5] N3
253 WSS, 7E TMEDA 5 TEA R &7
EF, PLTsCUATELT. CO MR, 7E0°CE=E
RN 1~1.5h, LL45%~85% 7" F5 3] — &
FI Dy REA )\ TCH AR TR FE i A (B 15(a)). 5750
P b BBl A ) TMEDA AN[E], VR & iidk 2 T



MR 5. BT A/ B S N BRIR G 1 & S TP R G 13

CO, (0.1 MPa), TMEDA, Et;N, TsCl

0}

0
N
\,

(b) (TTTTTTLITToTToos

MeCN,RT, 1.5h

O
Jonaane

Conditions A: Conditions B: Conditions C:
TBD (2 mol%) DBU (2 mol%) DBU (2 mol%), Ul (2.5 mol)
4-MeBnOH (2 mol%) 4-MeBnOH (2 mol%) 4-MeBnOH (2 mol%)
90 min: 8 h: 90 min:
Conv=88% Conv=95% Conv=95%
M,=7.5 kDa M,=5 kDa M,=125kDa
b=1.33 bP=1.18 D=142

Fig. 15 (a) Route for synthesizing nitrogen-containing eight-membered cyclic carbonates using a TMEDA/Et;N mixed base

strategy; (b) Effects of different organocatalytic systems (TBD, DBU, and DBU/U1 cooperative catalysis) on the anionic ring-

opening polymerizations of eight-membered cyclic carbonates.

A R R R B WA B, AR IURHI 7 i3t — 2
ECIGHIE-% 371) =3 A DO R NG R S AW S R K (A
WHTH, KA DBUMRILMEALFI(UD) AR, 7
VY SRR (THF ) A SSEEPE T 42 58 5 (B 15(b)). P
BEREYIN M, % 16.3 kDa, 73 HUEIKB=1.18).
ZAA R AT R A B S BEAE T THF ] 90 ) 4 oty 5%
s S B & FIE LI e 4, B o T
JRVEAE . )\ TCIR TR IR 1) T, o] Jd ik N-HAR 5
VAR TR R TR T,
FE 3 B JEE MU BRARG T, 3 B BRI T e T /K A B
MR BT R . FRREMEA R
U, FE29Pii% . DB M R 40U
JEDLH S 77 .

4 ZitH5RE

T RS RS SRR RS &R S
TR B & TN B 4 T 2 43 00 A 22 S 55
WES, IR T B R R
Vit AR TR ARG S Ak,

W A PTHRITIA TR , fhil%— RIIEE I ZHE
PERE FT IR AR T R SRR IR B AT R, ANSERL TR
BRI BRI, v 2 MR At 7k RE
AT RS 0 TAPRL. REEACK, BT 8N
i/ — I IS LI R i F) 5 1l 5 O 34 TR B T ek
i S HLEIFAE, EVCKEL TR : (1) ks
it RECIFRE AT, B\ TR,
BRI AR & oD BRUDAECE B 7 Rl
R A RIS 1) i 20 28 T 7 SR, kA
TP B IR W SRR G5 A, R R v R
% Q) LR R, A SEEEHLHILA R
X RIR BBl D RE AT B i B 110 3R 42 il e
TIVE AR, BEFRN PRI IR R SR
KJgmEETE . R FERIEALR R, SEBIXIFA
REBRIRMERE: 3) HaSNA, CifiE
TEBRBRIE I £ A 11 RE 14 0V 78 4 2 S N H
ZOR, BRI TSR = RRN B B AN
SEFEEE G AR, ARG UIMBHIMEOCR, LN
I3, JF R IO E R R B H A R



14

BT ¥ M

10

11

12

EZER T : WK, 198744, PULSSHlRFARIR A S TR 1, Bt Tl R A RRL 2
5 TR BEHAL . FENFINRER 2 TR R KA TRl 0rE, AR 5Tl R 2= 4 LU
— B THAEE (5 3L [R))7E Adv. Sci. . ACS Appl. Mater: Interfaces. ACS Macro Lett.. Chem. Eng. J..
Carbohydr. Polym. %3] T & FRIECAORT . FAFEZ A RR 5L w0 H A0 42000 H & 101
AN ZEHCHARIE 335, A Ef T R URYE — 454, ARV A BRI

EBEIT: KT, 198344, WiV R E s b Sl 1, mat Dl Rz ) 5 2
LFREABE AR . FEMR AL LR R il AR 5 Ll R LSRRy 5 — sl iR E & (3%
SL[E))TE Nat. Mater. . Angew. Chem. Int. Ed.. Adv. Funct. Mater. . Adv. Sci., AIChE J. Z5¥iT| % 18
SO0 ARG, B E LWL R 7080 . SRELHR] S OF, FRFRHE I TR 1 I PRI
E R QAR P E 3TUFFEIE 15, BT RIE 6351, KRG FPRHIFE ) 6 13t .

REFERENCE

Zhang, Z. E.; Pan, S. Y.; Li, H.; Cai, J. C.; Olabi, A. G.; Anthony, E. J.; Manovic, V. Recent advances in carbon dioxide
utilization. Renew. Sustainable Energy Rev., 2020, 125, 109799.

Valluri, S.; Claremboux, V.; Kawatra, S. Opportunities and challenges in CO, utilization. J. Environ. Sci., 2022, 113,
322-344,

LeClerc, H. O.; Erythropel, H. C.; Backhaus, A.; Lee, D. S.; Judd, D. R.; Paulsen, M. M.; Ishii, M.; Long, A.; Ratjen, L.;
Gonsalves Bertho, G.; Deetman, C.; Du, Y.; Lane, M. K. M.; Petrovic, P. V.; Champlin, A. T.; Bordet, A.; Kaeffer, N.;
Kemper, G.; Zimmerman, J. B.; Leitner, W.; Anastas, P. T. The CO, tree: the potential for carbon dioxide utilization
pathways. ACS Sustainable Chem. Eng., 2025, 13(1), 5-29.

Tapia, J. F. D.; Lee, J. Y.; Ooi, R. E. H.; Foo, D. C. Y.; Tan, R. R. A review of optimization and decision-making models
for the planning of CO, capture, utilization and storage (CCUS) systems. Sustainable Prod. Consum., 2018, 13, 1-15.
Jiang, K.; Ashworth, P.; Zhang, S. Y.; Liang, X.; Sun, Y.; Angus, D. China’s carbon capture, utilization and storage
(CCUS) policy: a critical review. Renew. Sustainable Energy Rev., 2020, 119, 109601.

Jiang, K.; Ashworth, P. The development of Carbon Capture Utilization and Storage (CCUS) research in China: a
bibliometric perspective. Renew. Sustainable Energy Rev., 2021, 138, 110521.

Chen, S. Y.; Liu, J. F.; Zhang, Q.; Teng, F.; McLellan, B. C. A critical review on deployment planning and risk analysis
of carbon capture, utilization, and storage (CCUS) toward carbon neutrality. Renew. Sustainable Energy Rev., 2022, 167,
112537.

Dou, L. R.; Sun, L. D.; Lyu, W. F.; Wang, M. Y.; Gao, F.; Gao, M.; Jiang, H. Trend of global carbon dioxide capture,
utilization and storage industry and challenges and countermeasures in China. Petrol. Explor. Dev., 2023, 50(5), 1246~
1260.

McLaughlin, H.; Littlefield, A. A.; Menefee, M.; Kinzer, A.; Hull, T.; Sovacool, B. K.; Bazilian, M. D.; Kim, J.;
Griffiths, S. Carbon capture utilization and storage in review: sociotechnical implications for a carbon reliant world.
Renew. Sustainable Energy Rev., 2023, 177, 113215.

Liu, X. Y.,; Liu, X. M.; Zhang, Z. Q. Application of red mud in carbon capture, utilization and storage (CCUS)
technology. Renew. Sustainable Energy Rev., 2024, 202, 114683.

Bo, F.; Zhao, H. B.; Li, X. G.; Tan, L. Recent advances in thermal catalytic hydrogenation of carbon dioxide to ethanol.
Sci. China Chem., 2026, 69(2), 680-697.

Ronda-Lloret, M.; Rothenberg, G.; Shiju, N. R. A critical look at direct catalytic hydrogenation of carbon dioxide to
olefins. ChemSusChem, 2019, 12(17), 3896-3914.

Jordaan, S. M.; Wang, C. Electrocatalytic conversion of carbon dioxide for the Paris goals. Nat. Catal., 2021, 4(11),
915-920.



MR 5. BT A/ B S N BRIR G 1 & S TP R G 15

14

15

18
19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Xu, C. F.; Dong, Y. L.; Zhao, H. P.; Lei, Y. CO, conversion toward real-world applications: electrocatalysis versus CO,
batteries. Adv. Funct. Mater., 2023, 33(32), 2300926.

Xu, J. Y.;; Zhong, G. Q.; Li, M. J.; Zhao, D.; Sun, Y.; Hu, X. D.; Sun, J. F.; Li, X. Y.; Zhu, W. J.; Li, M.; Zhang, Z. Q.;
Zhang, Y.; Zhao, L. P.; Zheng, C. M.; Sun, X. H. Review on electrochemical carbon dioxide capture and transformation
with bipolar membranes. Chin. Chem. Lett., 2023, 34(8), 108075.

Zhang, Q.; Han, B.; Jin, Y. C.; Li, M. R.; Zhang, E. H.; Jiang, J. Z. 2D and 3D phthalocyanine covalent organic
frameworks for electrocatalytic carbon dioxide reduction. Chin. Chem. Lett., 2025, 36(9), 110330.

Fang, S. Y.; Rahaman, M.; Bharti, J.; Reisner, E.; Robert, M.; Ozin, G. A.; Hu, Y. H. Photocatalytic CO, reduction. Nat.
Rev. Meth. Primers, 2023, 3, 61.

Editorial Standardizing photocatalytic, CO, reduction. Nat. Synth., 2024, 3(3), 279.

Low, J.; Zhang, C.; Karadas, F.; Xiong, Y. J. Photocatalytic CO, conversion: beyond theearth. Chin. J. Catal., 2023, 50,
1-5.

Meng, W. D.; Zhou, Y. B.; Zhou, Y. Green innovation unleashed: harnessing tungsten-based nanomaterials for catalyzing
solar-driven carbon dioxide conversion. Chin. Chem. Lett., 2025, 36(2), 109961.

Carceller, A.; Guillén, M.; Alvaro, G. Lactic acid from CO,: a carbon capture and utilization strategy based on a
biocatalytic approach. Environ. Sci. Technol., 2023, 57(51), 21727-21735.

Sillu, D.; Achal, V. Carbon dioxide sequestration with carbonic anhydrase nanobiocatalysts: a review. Environ. Chem.
Lett., 2024, 22(5), 2213-2239.

Gandionco, K. A.; Kim, J.; Bekaert, L.; Hubin, A.; Lim, J. Single-atom catalysts for the electrochemical reduction of
carbon dioxide into hydrocarbons and oxygenates. Carbon Energy, 2024, 6(3), e410.

Xie, Z. K.; Cheng, W. J.; Luo, H. Y.; Lei, Y.; Shi, W. D. Artificial photothermal synthesis of hydrocarbons from CO, and
H,O0. Adv. Energy Mater., 2026, 16(8), 2501840.

Biswal, T.; Shadangi, K. P.; Sarangi, P. K.; Srivastava, R. K. Conversion of carbon dioxide to methanol: a comprehensive
review. Chemosphere, 2022, 298, 134299.

Maksimov, P.; Laari, A.; Ruuskanen, V.; Koiranen, T.; Ahola, J. Methanol synthesis through sorption enhanced carbon
dioxide hydrogenation. Chem. Eng. J., 2021, 418, 129290.

Schreiber, R. E.; Goicoechea, J. M. Phosphine carboxylate: probing the edge of stability of a carbon dioxide adduct with
dihydrogenphosphide. Angew. Chem. Int. Ed., 2021, 60(7), 3759-3767.

Wang, Y.; Qian, Q. L.; Zhang, J. J.; Bediako, B. B. A.; Wang, Z. P;; Liu, H. Z.; Han, B. X. Synthesis of higher carboxylic
acids from ethers, CO, and H,. Nat. Commun., 2019, 10, 5395.

Wen, D. H.; Fang, W. W.; Liu, Y. M.; Tu, T. Valorization of carbon dioxide with alcohols. Chin. Chem. Lett., 2024, 35(7),
109394,

Ding, J.; Ye, R. P; Fu, Y. H.; He, Y. M.; Wu, Y.; Zhang, Y. L.; Zhong, Q.; Kung, H. H.; Fan, M. H. Direct synthesis of
urea from carbon dioxide and ammonia. Nat. Commun., 2023, 14, 4586.

Muhyuddin, M.; Zuccante, G.; Mustarelli, P.; Filippi, J.; Lavacchi, A.; Elbaz, L.; Chen, Y. H.; Atanassov, P.; Santoro, C.
Electrochemical urea production using carbon dioxide and nitrate: state of the art and perspectives. Energy Environ. Sci.,
2024, 17(11), 3739-3752.

Lopes, E. J. C.; Ribeiro, A. P. C.; Martins, L. M. D. R. S. New trends in the conversion of CO, to cyclic carbonates.
Catalysts, 2020, 10(5), 479.

Guo, L. P;; Lamb, K. J.; North, M. Recent developments in organocatalysed transformations of epoxides and carbon
dioxide into cyclic carbonates. Green Chem., 2021, 23(1), 77-118.

Yang, L.; Chakraborty, P.; Das, P. K.; Zhang, D. Y.; Huang, K. W. Transformation of ambient CO, in air into cyclic
carbonates mediated by a phosphorus-nitrogen PN3-pincer iron complex. Green Synth. Catal., 2025, 6(4), 435-438.
Almeida, L. D.; Delolo, F. G.; Costa, A. P. S.; Gusevskaya, E. V.; Robles-Azocar, P. A. Catalytic acrobic epoxidation of
bio-renewable alkenes using organic carbonates as green solvents. Mol. Catal., 2022, 527, 112400.

Zheng, Q. F.; Yamada, Y.; Shang, R.; Ko, S.; Lee, Y. Y.; Kim, K.; Nakamura, E.; Yamada, A. A cyclic phosphate-based
battery electrolyte for high voltage and safe operation. Nat. Energy, 2020, 5(4), 291-298.

Yu, W.; Maynard, E.; Chiaradia, V.; Arno, M. C.; Dove, A. P. Aliphatic polycarbonates from cyclic carbonate monomers
and their application as biomaterials. Chem. Rev., 2021, 121(18), 10865-10907.

Della Monica, F.; Brandolese, A.; Di Carmine, G.; Selva, M.; Fiorani, G.; Izzo, L. En route toward sustainable
polycarbonates via large cyclic carbonates. ChemSusChem, 2025, 18(14), €¢202500030.



H T %

ar

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

Bobbink, F. D.; van Muyden, A. P.; Dyson, P. J. En route to CO,-containing renewable materials: catalytic synthesis of
polycarbonates and non-isocyanate polyhydroxyurethanes derived from cyclic carbonates. Chem. Commun., 2019,
55(10), 1360-1373.

Pescarmona, P. P. Cyclic carbonates synthesised from CO,: applications, challenges and recent research trends. Curr.
Opin. Green Sustainable Chem., 2021, 29, 100457.

Parker, H. L.; Sherwood, J.; Hunt, A. J.; Clark, J. H. Cyclic carbonates as green alternative solvents for the heck reaction.
ACS Sustainable Chem. Eng., 2014, 2(7), 1739-1742.

Su, C. C.; He, M. N.; Amine, R.; Rojas, T.; Cheng, L.; Ngo, A. T.; Amine, K. Solvating power series of electrolyte
solvents for lithium batteries. Energy Environ. Sci., 2019, 12(4), 1249-1254.

Zhao, S. F.; Huang, Y. H.; Wang, Y. J.; Zhu, D. D.; Zhang, L.; Wang, H. Y. Intercalation behavior of tetrafluoroborate
anion in a graphite electrode from mixed cyclic carbonates. ACS Appl. Energy Mater., 2021, 4(1), 737-744.

Kotanen, S.; Wirtanen, T.; Mahlberg, R.; Anghelescu-Hakala, A.; Harjunalanen, T.; Willberg-Keyrilainen, P.; Laaksonen,
T.; Sarlin, E. Cyclic carbonates as building blocks for non-isocyanate polyurethanes. J. Appl. Polym. Sci., 2023, 140(24),
€53964.

Turnaturi, R.; Zagni, C.; Patamia, V.; Barbera, V.; Floresta, G.; Rescifina, A. CO,-derived non-isocyanate polyurethanes
(NIPUs) and their potential applications. Green Chem., 2023, 25(23), 9574-9602.

Haba, O.; Tomizuka, H.; Endo, T. Anionic ring-opening polymerization of methyl 4,6-O-benzylidene-2,3-O-carbonyl-a-D-
glucopyranoside: a first example of anionic ring-opening polymerization of five-membered cyclic carbonate without
elimination of CO,. Macromolecules, 2005, 38(9), 3562-3563.

Shen, Y. D.; Leng, M. W.; Yang, Y. C.; Boopathi, S. K.; Sun, G. R.; Wooley, K. L. Elucidation of substantial differences
in ring-opening polymerization outcomes from subtle variation of glucose carbonate-based monomer substitution
patterns and substituent types. J. Am. Chem. Soc., 2023, 145(28), 15405-15413.

Tezuka, K.; Komatsu, K.; Haba, O. The anionic ring-opening polymerization of five-membered cyclic carbonates fused
to the cyclohexane ring. Polym. J., 2013, 45(12), 1183-1187.

Wei, C.; Xu, Y.; Yan, B. K.; Hou, J. Q.; Du, Z. Z.; Lang, M. D. Well-defined selenium-containing aliphatic
polycarbonates via lipase-catalyzed ring-opening polymerization of selenic macrocyclic carbonate monomer. ACS Macro
Lett., 2018, 7(3), 336-340.

Yan, B. K.; Hou, J. Q.; Wei, C.; Xiao, Y.; Lang, M. D.; Huang, F. R. Synthesis of main chain sulfur-containing aliphatic
polycarbonates by organocatalytic ring-opening polymerization of macrocyclic carbonates. Polym. Chem., 2019, 10(38),
5191-5199.

Olsén, P.; Odelius, K.; Albertsson, A. C. Thermodynamic presynthetic considerations for ring-opening polymerization.
Biomacromolecules, 2016, 17(3), 699-709.

Yuan, J. S. Irreversible ring-opening polymerization: harnessing the thermodynamics of strainless monomers. CCS
Chem., 2025, 7(8), 2255-2275.

Xie, X. Y.; Huo, Z. Y.; Jang, E.; Tong, R. Recent advances in enantioselective ring-opening polymerization and
copolymerization. Commun. Chem., 2023, 6, 202.

Munzeiwa, W. A.; Omondi, B. O.; Nyamori, V. O. A perspective into ring-opening polymerization of ¢-caprolactone and
lactides: effect of, ligand, catalyst structure and system dynamics, on catalyticactivity and polymer properties. Polym.
Bull., 2024, 81(11), 9419-9464.

Campana, F.; Brufani, G.; Mauriello, F.; Luque, R.; Vaccaro, L. Green polyurethanes from bio-based building blocks:
recent advances and applications. Green Synth. Catal., 2025, 6(3), 217-238.

Feng, J.; Zhuo, R. X.; Zhang, X. Z. Construction of functional aliphatic polycarbonates for biomedical applications.
Prog. Polym. Sci., 2012, 37(2), 211-236.

Wei, P. R.;; Bhat, G. A.; Darensbourg, D. J. Enabling new approaches: recent advances in processing aliphatic
polycarbonate-based materials. Angew. Chem. Int. Ed., 2023, 62(48), ¢202307507.

Xu, J. W.; Feng, E.; Song, J. Renaissance of aliphatic polycarbonates: new techniques and biomedical applications. J.
Appl. Polym. Sci., 2014, 131(5), 39822.

Vanderhenst, R.; Miller, S. A. Polycarbonates from biorenewable diols via carbonate metathesis polymerization. Green
Mater., 2013, 1(2), 64-78.

Bossion, A.; Heifferon, K. V.; Meabe, L.; Zivic, N.; Taton, D.; Hedrick, J. L.; Long, T. E.; Sardon, H. Opportunities for
organocatalysis in polymer synthesis via step-growth methods. Prog. Polym. Sci., 2019, 90, 164-210.



MR 5. BT A/ B S N BRIR G 1 & S TP R G 17

61

62

63

64

65

66
67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

Tamura, M.; Nakagawa, Y.; Tomishige, K. Direct CO, transformation to aliphatic polycarbonates. Asian J. Org. Chem.,
2022, 11(11), €202200445.

HARTK, A, EES . EMBR SR S B % Rk S . A5 2k, 2005, 17(4), 706-715.

ZLTt, WK, MR . — SR i s IR IR B IR R (1 Dh B AL T FEEJE . & 0 F 52 4R, 2013, (5), 600-608.

Taherimehr, M.; Pescarmona, P. P. Green polycarbonates prepared by the copolymerization of CO, with epoxides. J.
Appl. Polym. Sci., 2014, 131(21), app.41141.

Poland, S. J.; Darensbourg, D. J. A quest for polycarbonates provided via sustainable epoxide/CO,copolymerization
processes. Green Chem., 2017, 19(21), 4990-5011.

Rokicki, G. Aliphatic cyclic carbonates and spiroorthocarbonates as monomers. Prog. Polym. Sci., 2000, 25(2), 259-342.
Xu, J. X.; Wang, X.; Liu, J. J.; Feng, X. S.; Gnanou, Y.; Hadjichristidis, N. Ionic H-bonding organocatalysts for the ring-
opening polymerization of cyclic esters and cyclic carbonates. Prog. Polym. Sci., 2022, 125, 101484.

Lanzi, M.; Kleij, A. W. Recent advances in the synthesis and polymerization of new CO,-based cyclic. Chin. J. Chem.,
2024, 42(4), 430-443.

Kamber, N. E.; Jeong, W.; Waymouth, R. M.; Pratt, R. C.; Lohmeijer, B. G. G.; Hedrick, J. L. Organocatalytic ring-
opening polymerization. Chem. Rev., 2007, 107(12), 5813-5840.

Tempelaar, S.; Mespouille, L.; Coulembier, O.; Dubois, P.; Dove, A. P. Synthesis and post-polymerisation modifications
of aliphatic poly(carbonate)s prepared by ring-opening polymerisation. Chem. Soc. Rev., 2013, 42(3), 1312-1336.

Brege, A.; Grignard, B.; Méreau, R.; Detrembleur, C.; Jerome, C.; Tassaing, T. En route to CO,-based(a)C,clic
carbonates and polycarbonates from alcohols substrates by direct and indirect approaches. Catalysts, 2022, 12(2), 124.
Abdel Baki, Z.; Dib, H.; Sahin, T. Overview: polycarbonates via ring-opening polymerization, differences between six-
and five-membered cyclic carbonates: inspiration for green alternatives. Polymers, 2022, 14(10), 2031.

Galbis, J. A.; de Gracia Garcia-Martin, M.; de Paz, M. V.; Galbis, E. Synthetic polymers from sugar-based monomers.
Chem. Rev., 2016, 116(3), 1600-1636.

Mikami, K.; Lonnecker, A. T.; Gustafson, T. P.; Zinnel, N. F.; Pai, P. J.; Russell, D. H.; Wooley, K. L. Polycarbonates
derived from glucose via an organocatalytic approach. J. Am. Chem. Soc., 2013, 135(18), 6826—-6829.

Gregory, G. L.; Jenisch, L. M.; Charles, B.; Kociok-K&éhn, G.; Buchard, A. Polymers from sugars and CO,: synthesis and
polymerization of a d-mannose-based cyclic carbonate. Macromolecules, 2016, 49(19), 7165-7169.

Gregory, G. L.; Ulmann, M.; Buchard, A. Synthesis of 6-membered cyclic carbonates from 1,3-diols and low CO,
pressure: a novel mild strategy to replace phosgene reagents. RSC Adv., 2015, 5(49), 39404-39408.

Suzuki, M.; Sekido, T.; Matsuoka, S. I.; Takagi, K. Syntheses of aliphatic polycarbonates from 2'-deoxyribonucleosides.
Biomacromolecules, 2011, 12(5), 1449-1459.

Gregory, G. L.; Hierons, E. M.; Kociok-Kéhn, G.; Sharma, R. 1.; Buchard, A. CO,-driven stereochemical inversion of
sugars to create thymidine-based polycarbonates by ring-opening polymerisation. Polym. Chem., 2017, 8(10), 1714-1721.
Gregory, G. L.; Kociok-Kohn, G.; Buchard, A. Polymers from sugars and CO,: ring-opening polymerisation and
copolymerisation of cyclic carbonates derived from 2-deoxy-d-ribose. Polym. Chem., 2017, 8(13), 2093-2104.

Tufano, F.; Santulli, F.; Grisi, F.; Lamberti, M. N-heterocyclic carbene-based zinc complexes: same precursors for
different lactide ring-opening polymerization mechanisms. ChemCatChem, 2022, 14(20), €202200962.

Tufano, F.; Napolitano, C.; Mazzeo, M.; Grisi, F.; Lamberti, M. CO,-based polycarbonates through ring-opening polymerization
of cyclic carbonates promoted by a NHC-based zinc complex. Biomacromolecules, 2024, 25(7), 4523-4534.

McGuire, T. M.; Lopez-Vidal, E. M.; Gregory, G. L.; Buchard, A. Synthesis of 5- to 8-membered cyclic carbonates from
diols and CO,: a one-step, atmospheric pressure and ambient temperature procedure. J. CO2 Util., 2018, 27, 283-288.
Ragauskas, A. J.; Beckham, G. T.; Biddy, M. J.; Chandra, R.; Chen, F.; Davis, M. F.; Davison, B. H.; Dixon, R. A.;
Gilna, P.;; Keller, M.; Langan, P.; Naskar, A. K.; Saddler, J. N.; Tschaplinski, T. J.; Tuskan, G. A.; Wyman, C. E. Lignin
valorization: improving lignin processing in the biorefinery. Science, 2014, 344(6185), 1246843.

Mei, Q. Q.; Shen, X. J.; Liu, H. Z.; Han, B. X. Selectively transform lignin into value-added chemicals. Chin. Chem.
Lett., 2019, 30(1), 15-24.

Yang, X. P.; Zhang, Y. J.; Sun, P. L.; Peng, C. A review on renewable energy: conversion and utilization of biomass.
Smart Mol., 2024, 2(4), €20240019.

Laurichesse, S.; Avérous, L. Chemical modification of lignins: towards biobased polymers. Prog. Polym. Sci., 2014,
39(7), 1266-1290.



WO T o

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

Ghorai, A.; Chung, H. CO, and lignin-based sustainable polymers with closed-loop chemical recycling. Adv. Funct.
Mater., 2024, 34(39), 2403035.

Behr, A.; Eilting, J.; Irawadi, K.; Leschinski, J.; Lindner, F. Improved utilisation of renewable resources: new important
derivatives of glycerol. Green Chem., 2008, 10(1), 13-30.

Quispe, C. A. G.; Coronado, C. J. R.; Carvalho, J. A. Jr. Glycerol: production, consumption, prices, characterization and
new trends in combustion. Renew. Sustainable. Energy Rev., 2013, 27, 475-493.

Palenzuela, M.; Sarisuta, K.; Navarro, M.; Kumamoto, N.; Chanthaset, N.; Monot, J.; Ajiro, H.; Martin-Vaca, B.;
Bourissou, D. 5-methylene-1,3-dioxane-2-one: a first-choice comonomer for trimethylene carbonate. Macromolecules,
2023, 56(2), 678-689.

Hedrick, J. L.; Piunova, V.; Park, N. H.; Erdmann, T.; Arrechea, P. L. Simple and efficient synthesis of functionalized
cyclic carbonate monomers using carbon dioxide. ACS Macro Lett., 2022, 11(3), 368-375.

Song, X. Y.; Liu, F. S;; Li, L.; Yang, X. Q.; Yu, S. T.; Ge, X. P. Hydrolysis of polycarbonate catalyzed by ionic liquid
[Bmim] [Ac]. J. Hazard. Mater., 2013, 244, 204-208.

Shan, S. Y.; Zhang, W.; Cao, Q.; Ye, Y. C.; Cai, Z. Z.; Zhu, J. B. cis-Fused cyclohexane promoted the chemical recycling
of polycarbonate to monomer. Polym. Chem., 2024, 15(11), 1070-1076.

Tian, J. M.; Hadjichristidis, N.; Wang, X.; Zhang, Z. B. A general and mild two-step strategy using bioderived diols and
CO, for chemically recyclable polycarbonates and closed-loop CO, fixation. Angew. Chem. Int. Ed., 2025, 64(19),
€202423162.

Brignou, P.; Priebe Gil, M.; Casagrande, O.; Carpentier, J. F.; Guillaume, S. M. Polycarbonates derived from green acids:
ring-opening polymerization of seven-membered cyclic carbonates. Macromolecules, 2010, 43(19), 8007-8017.

Bell, C. A.; Yu, J. Y,; Barker, I. A.; Truong, V. X.; Cao, Z.; Dobrinyin, A. V.; Becker, M. L.; Dove, A. P. Independent
control of elastomer properties through stereocontrolled synthesis. Angew. Chem. Int. Ed., 2016, 55(42), 13076-13080.
Kobayashi, S.; Pitet, L. M.; Hillmyer, M. A. Regio- and stereoselective ring-opening metathesis polymerization of
3-substituted cyclooctenes. J. Am. Chem. Soc., 2011, 133(15), 5794-5797.

Raju, S.; Jastrzebski, J. T. B. H.; Lutz, M.; Klein Gebbink, R. J. M. Catalytic deoxydehydration of diols to olefins by
using a bulky cyclopentadiene-based trioxorhenium catalyst. ChemSusChem, 2013, 6(9), 1673-1680.

McGuire, T. M.; Pérale, C.; Castaing, R.; Kociok-Ko6hn, G.; Buchard, A. Divergent catalytic strategies for the Cis/Trans
stereoselective ring-opening polymerization of a dual cyclic carbonate/olefin monomer. J. Am. Chem. Soc., 2019, 141(34),
13301-13305.

Yang, S. Q.; Du, S.; Zhu, J.; Ma, S. Q. Closed-loop recyclable polymers: from monomer and polymer design to the
polymerization-depolymerization cycle. Chem. Soc. Rev., 2024, 53(19), 9609-9651.

Zhou, J. F.; Sathe, D.; Wang, J. P. Understanding the structure-polymerization thermodynamics relationships of fused-
ring cyclooctenes for developing chemically recyclable polymers. J. Am. Chem. Soc., 2022, 144(2), 928-934.

Sathe, D.; Zhou, J. F.; Chen, H. L.; Su, H. W.; Xie, W.; Hsu, T. G.; Schrage, B. R.; Smith, T.; Ziegler, C. J.; Wang, J. P.
Olefin metathesis-based chemically recyclable polymers enabled by fused-ring monomers. Nat. Chem., 2021, 13(8),
743-750.

Zhang, W.; Dai, J.; Wu, Y. C.; Chen, J. X.; Shan, S. Y.; Cai, Z. Z.; Zhu, J. B. Highly reactive cyclic carbonates with a
fused ring toward functionalizable and recyclable polycarbonates. ACS Macro Lett., 2022, 11(2), 173-178.

Zhang, W.; Shan, S. Y.; Dai, J.; Cai, Z. Z.; Zhu, J. B. Well-controlled organocatalytic ring-opening polymerization of
seven-membered cyclic carbonates with cyclohexyl fusion. Chem. Res. Chin. Univ., 2024, 40, 856-862.

Hlil, A. R.; Balogh, J.; Moncho, S.; Su, H. L.; Tuba, R.; Brothers, E. N.; Al-Hashimi, M.; Bazzi, H. S. Ring opening
metathesis polymerization (ROMP) of five- to eight-membered cyclic olefins: computational, thermodynamic, and
experimental approach. J. Polym. Sci. Part A Polym. Chem., 2017, 55(18), 3137-3145.

Han, J.; Zeng, L. L.; Fei, Q. Y.; Ge, Y. X.; Huang, R. H.; Chen, F. E. Recent advances in remote C(sp3)-H
functionalization via chelating group-assisted metal-catalyzed chain-walking reaction. Chin. Chem. Lett., 2024, 35(11),
109647.

Wu, Y. C.; Fan, H. Z.; Zhang, W.; Wang, M. Y.; Cai, Z. Z.; Zhu, J. B. Biobased bifunctional monomers toward
functionalizable polycarbonates and Poly(cyclic olefin)s with tunable properties. Macromolecules, 2022, 55(20), 9232~
9241.

Wang, X. Q.; Chin, A. L.; Zhou, J. Y.; Wang, H.; Tong, R. Resilient poly(a-hydroxy acids) with improved strength and
ductility via scalable stereosequence-controlled polymerization. J. Am. Chem. Soc., 2021, 143(40), 16813-16823.



MR 5. BT A/ B S N BRIR G 1 & S TP R G 19

109 Chang, Y. A.; Rudenko, A. E.; Waymouth, R. M. Zwitterionic ring-opening polymerization of N-substituted eight-
membered cyclic carbonates to generate cyclic poly(carbonate)s. ACS Macro Lett., 2016, 5(10), 1162-1166.

110 Qiu, F. Y;; Yu, L.; Du, F. S.; Li, Z. C. Oxidation-responsive aliphatic polycarbonates from N-substituted eight-membered
cyclic carbonate: synthesis and degradation study. Macromol. Rapid Commun., 2017, 38(20), 1700400.

111 Bexis, P.; De Winter, J.; Arno, M. C.; Coulembier, O.; Dove, A. P. Organocatalytic synthesis of alkyne-functional
aliphatic polycarbonates via ring-opening polymerization of an eight-membered-N-cyclic carbonate. Macromol. Rapid
Commun., 2021, 42(3), 2000378.

Review

Synthesis and Ring-opening Polymerizations of Cyclic Carbonates
Derived from Carbon Dioxide/Diol Reactions

You-hua Chen!, Jia-bao Wang!, Xin Hu?", Ning Zhu'*
(!College of Biotechnology and Pharmaceutical Engineering, State Key Laboratory of Materials-Oriented
Chemical Engineering, *College of Materials Science and Engineering, Nanjing Tech University, Nanjing 211800)

Abstract The high-value utilization of carbon dioxide (CO,) for the conversion into fine chemicals and polymer
materials have been paid much attention in polymer science and green chemistry. Among them, the reaction of
CO, with diols to produce cyclic carbonates represents an important direction. Through the catalytic controlled
ring-opening polymerizations of cyclic carbonates, polycarbonates with different structures and properties can be
prepared. This review focuses on synthesis and ring-opening polymerizations of cyclic carbonates derived from
CO,/diol reactions. The reactions of CO, with 1,3-diol derivatives, 1,4-diol derivatives, and 1,5-diol derivatives
were summarized in order with the target products of six-membered, seven-membered, and eight-membered
cyclic carbonates. Catalytic ring-opening polymerizations of these obtained cyclic carbonates into polycarbonates
were highlighted. Moreover, the challenges and opportunities in the related fields were discussed.
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