$56% 53 MW = A= Vol.56, No.3
2025 43 ACTA POLYMERICA SINICA Mar,, 2025
R -HHZEEA .

M O-FREINNERETN AR SRS FE A EUREF AN A

BRE By

(PEREABE R AT T ER 2B A SRR 0 TR A S KB 130022)

B B HE SRS RS R H s, RRE SO R RAETTR N RRER Ak,
SLH T AORHRTEG B, COBON R A AL OB ST I AL AR, FRATT S e R S T SR
SR HEACRIA P A S i JR R, BT MBAR B T S R A LG, BTEEd SRS R S TY
it Z ARSI A AR DR Sh a4 5 RIS i AL BE AR S, AT S B R & i M R SR PR 28— . A0
Je N O-FRIEFR N R IEF AR IF IR R A B K, Zrid Tz AU & bk 2 AR PEDT S ik g . 123, [n
B AR B 1 AT AT X 2% U Y S B PR A T T R ) R AT A, B2 T T A SR G A
PRI RS R n, EE T XA IR A TR AR AR . FATAE, AR A
VEHIR AL PR s 7R 5, AR T — DRI R RS ML ORI 1, e AE i sl 7 1R
Ol ) AT 2 2 Ji v 4 A

X B THEMARS, O-RIEIRNIRET, PR, AIRSERATIE, I3t

S R, B A . N O-RIEIFNIRET I P IR R G B B TSGR G BN, &2 T F 1,
2025, 56(3), 361-376
Citation: Li, M. S.; Tao, Y. H. From ring-opening polymerization of O-carboxyanhydride to the discovery of

anion-binding catalytic polymerization. Acta Polymerica Sinica, 2025, 56(3), 361-376

H 1920 4F {# [E {t. %% X Staudinger /£ (& %

&) D=3 Rt @ TSR, s T
FBHAGURSEIL 1T BRI R RE . s TR
HorERe, T NS AR
RIS UK IXLERFERPERE AT B, 1928 T A A
W5 A YA ST RERI RS R 1. UL,
RIEF IR EBARUSEI 72 TR HES . 46

RETNENRIETIRE, BATAT RS, & Fr
W7 VR BB S DV T R A A BOR 1 2
A AEBERE T, R AR A 1) R DR AR AL 7R
X BRI AL S R I KB AR I R 1A% T 5
B A RHRHTRE R LT R B R SRR, &
WIS A — RO 2R SR . . R HLE

B 2 ML R e A% B R N BC(ATRA) & S 47
J& 2R T ¥ 3 IR E G (ATRP)SS, - DL KK I
& 503 = LR e RT3 5y 6 A (ROMP) i
2 IL I 1) 2 S35 44 54

BF S 745 6 1 P — Pl i Y R A SR A AR
H(E 1), EXiBAETARAY, HFHEEY
2 KB TR R A R TR S B e E )
i EAIS~131 L L 248 g 5 A () S5 ¥ 38 3 (chloride
channel, K 1(b))l'M, g nf DLl 4 & 5 1
PR o AN R S5, SRV B LA R I A=
HLAE 5T . A K% 4 S B8 7 FK 43 F- AR i . 7R
A AR, B R 7 45 4 (anion-binding) {7 A3
YT EREBEMN MG, Ee MY A R AR
AN RIS BB e T e R e o T e S B T

2024-11-04 Y5, 2024-12-19 5%, 2025-01-23 &5 H R ; K8 S A TR (B4 5 2022YFE0130500) . [E 5K H 4R FL
24 (4T 22001243, 22371274 F0Hp ERR2EBE EFRMK AT RIGE 45 121522KYSB20210045) %% B .

“SEfERE RN, E-mail: msli@ciac.ac.cn; youhua.tao@ciac.ac.cn

doi: 10.11777/j.1ssn1000-3304.2024.24271; CSTR: 32057.14.GFZXB.2024.7335

361



362 [C) Fok 20254
(a) Anion-binding interaction (b) Chloride channel
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Fig. 1 (a) The binding mode and characteristics for anion-binding interaction; (b) Anion-binding in natural chloride channel;

(c) The concept for anion-binding catalytic polymerization.
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Fig. 2 (a) ROP of OCAs to prepare functional polyesters; (b) Reported OCA monomers bearing pendant functional groups.

OCA, O-carboxyanhydride; cat., catalyst.
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Fig. 3 Proposed two catalytic mode of DMAP in the ROP of OCA, including (a) nucleophilic activation mechanism;

(b) bifunctional activation mechanism. DMAP, 4-(dimethylamino)pyridine. R'OH, initiating or propagating alcohol.
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Fig. 4 (a) Racemization of a-H during base-catalyzed OCA polymerization; (b) Epimerization induced by non-regioselective
ring-opening of OCA; (c) Py-MA adduct mediated ROP of ManOCA. Py, pyridine; MA, mandelic acid; Ph, Phenyl.
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Fig. 5 (a) Coordination-insertion mechanism for metal catalysts-mediated OCA polymerization; (b) Representative metal

catalysts for OCA polymerization; (c) Representative photo-, electro-, and chemical-redox catalytic systems for OCA
polymerization. ‘Bu, tertiary butyl; Mes, Mesityl; TMS, Trimethylsilyl; Et, Ethyl; Me, Methyl.

W E AR S e . B S, At AT S A
5 & @ v O I bR 4 (K 5(b), Zn-2, Zn-3)73741,
S A SZEL T A e PheOCA 544 DL A2 ManOCA
BARMEMES . PR SRE A RS, &
Ja HH O 5 A U FRTBC A 45 A P DU R R 9 SR A
PR R IBPE . S0 AR E, AT DA SRR E 1
PEBAFABE S AR IR B R A SR, X PP R
(RIHC A7 45 & 72 86 rh s T e 3 S5UBR BEH K1
PRME, K5 R AE i B TR LB R A, iR
Kz 7 &y FEREEWNEG . B8, X
& J@ AL ME DL 7 OCA B8 £ 3 R v 3 e sl
5HEBEEK AT E, SESREER T
IR 50 kg/mol,  ToiEH AL = BE SRS X
HTEIEX.

2017 4, Tong Z5514E i K (bpy)Ni(COD) 5

Tr(ppy) 41 156 S8 A0 38 TR B 72 & 48 (K 5(¢), Ni-1/
Ir-1), 5 AFEE R IR A Y0(Zn-4) 112 1 OCA
FEIRRA R, TR A4 1R 7 1 (R A R i i
THERIR BRI RE, X T PheOCA, 1] LITE 5
77 E ik 140 kDa FI AR W75 SR R . 72 bRl |
AbATTIE 3 1R T 4 SR R L S A I LA (B 5(c), Ni-1/
Ir-1/Zn-5)01, I T AN e OCA B (41 PheOCA
LacOCA %) IS MR A . 52 Ni/Zn/Tr Y6 A0 IE i
AR R JE R, Tong il 5 Co/Zn [ AL
A R A A AR R (B 5(¢), Co-1/Zn-4, Zn-6, Zn-
73l N E] OCA HAR 31 58 & (eROP) i 7 H11771,
RE e, i FHAR A A I E B Co/OCA Hr
AR, SRIEE I FHARGE R R, BE S ZnfiEfh
AT G @Ak, TR BOHT K Zn-FE 3 oK i AT T
— MG . ik R BENS = RS OCA Ak



344 PR N O-REEFRNIRIT T IR & B 2 745 & AL R G U7 R 367

PSS, 1921 HA 55+ 5 (>140 kg/mol)Fl
BT BN (MM, < 1.1) 58 LT REAE 3R 1
AT DU AL SEEL A e OCA B4 1) 37 4R 2 8 4
R L, FESERET —MET Mn/Zn 144
AL TR AE 1L AR &R (B 5(c), Mn-1/Zn-4, Zn-6,
Zn-7) K OCA HARIIF IR RS, 138 A
I T8 (>200 kg/mol)Th BEAL KBRS AL EE
R, B AN TG R Mn-1 B &1
R BERESE A O R BRI R R 3 T Z oG E B
.

RARSKE, N T HIRE SRR e, B
FEN A MU 7R 2Rk e 21 4 8 A HLA A Ak
R, ARG EE SRR AR R AR, 1
WHNFAHETED. 5K, &8 %5 R+
O IR RTINS EBUCR G R)
BEAG, I 75 A R A & U BT AL ),
IR &R S MRS . &8 b0 5EEAR IR IR
FRBH S 1 13k BE 45 & /& OCA IR T4 M LIRS
BT REEEVIN L. 6. BULE A
I JF AR RIS, W OCA FF 3R & 1
o R IR B RERCR AL TOR SR, S T A
[ .

R, SE AV ARE G M E&RER
KR ESR DL R BN BB IR B R, iAW
F A O . X AR AEE 5N % B SRR IR LR
FEIENAERT, S&EAVMEATIEL, &
BAHTEEERR WL 5 a7k
Gy SR 3A03031.5579801 SR, A HLHE AR R AT
SRME DL 5E Ml 1k OCA TR A I 2 11 7 e A,
LIRS E o T EE G . JLHZ ManOCA, H
FERRA IS BIZALR R 405 1 R Ak, (H
R B 5 P S 0 0 A8 15 o-H 32 IR HA B 5 11 R
P, TERGEREFE G RAEHRIE.

5 FEHE-SEMREEN OCAFIRES

NV Bl ERCR A, JFRR G
2, BATN, KIE LA IUERE R, B
REW I OCA R AL P HIH IR, SHER
I ORFF R G WP, BEMERTS & TR R,
MR AT M E R RS ERATZE0T K
B AR R LAV B OCA SR A i 2 v 1) 7 Tig 30
G, XIhRe A A LA Ry EATRR M T
) R JERI238082-841 T S AL TR T R A AL

ARG EIPEE TR TER L, @l ihE
I ReTE AL, AT AL FITE Z A ML B
T o Y s N P A B Hrp, XU RE AR
JOK - Jie A A R L) 32 L A T 2 ot it 3 B
184k s N, ] 4 Mannich Jz MBS F1 Michael [
JR8687) U IX Le Ak R AE A ML T HE A
32 7Tz, B R A M, T
AE A HUHETL 5 A 10 i A0 AF X 45 /b 188901 H /i,
KB 0 4R vh A XU 73 Bt JOR -5 L 5 Bl e A0 PR
R F T IR B A [ 30-3391-961 2 B JE K 7 T
B3R R B INfai 5 5y 19, AT ARG HBZH 5 25
TETEIEA], R A AR EAE FRGERR,
FH S G LLTRAME A L, R ELA
R AR B SR NI P [ TR 1 M
T B TR R T A LA PSS 1 2 4]
BREE—le, fEG R PR, (H2Y = HY
9 55 1 B AT, X b A 3% B AT DA v IR A TR
R RZFRERIAF], KR 3 — 35 2 (8] i [F)
1EH.

WHTPTIA, OCA BAKM a-H B VEER, i
i B A A A ) R R P B 0 A AR e s AR
R SRR EENRIE N, B2
ARG —FhalAT I 7 2 T NRIR S A G 1K
AR IR PR S R G A {H ] ER R IR/ 55 Bk
XA EAR R R ZE, AR REYN ST
s DA ] . FRATT A AR T s A B A AR RN 55
AR, AR A TE S T e
Z I JE . T2 AP, AT g
1A R A VLSS B IR FE, e 4 M AR E T
KA, HARAEZ A I BEYEAL S, 8 T B (1)
W

AL, FRATT LA 25 5 V8 Ji () ManOCA 1 7
WRENHFN L, RO 55— &
B 43 - ) BB IR /L WE A7 A= 55 5 ) P 1) 44 £k
& R (K 6(a)), fifR T OCA HARR G255 KA
TH i@ B R 7L, A ) e A 7R 4 A 48 ) S R
B, B LI A7 3e ML e 3 _E 1) 2-CLEUAC 3 X
W e RO, o CLAE B el 42 21 HoAth
WAALE, K22, SRS
VIRREEFE R % MERE AR T R IR AR XS T
TN 2 AK, (HE A NS T
IREFIIE R, AT R A IRAUIER (=K
FHE) 2R SR A I R 2 it T S R e, BE



368 [T M S 4

CF, CF; CF; CF;

\ F3C/©\ J\ J\/j F3C/©\Ej\§/©
3d

i |
! 1
| |
E N~ N/ E
E CF; CF3 CF; E
! 1
5 Q ﬁt Q ol |
i Xe J\ J\ \ F3C J\ FyC N B |
! / H H y _ i
| ’ Bu N [Bu croa
i 3h !
: CF, CF, CF3 5
! 1
f Q Q i Q i, Q ’
| F5C J\ \ F,C NJLN X F3 N F;C J\ |
i ’B H H ‘ @ = N/ ‘Bu !
: u 3_] N 3 :
| CF; CF; E
! S 0 S |
5 gkg B F5C NN N RC Nj\l}lm :
i Cl >Ny CI N g Cl >\ > Bu |
N Mo e 30 /
(b) Hydrogen bonding assisted nucleophilic monomer activation mechanism for OCA polymerization

! CF; CF; !
: 0 :
| Fh (lL > /©\ i i HOR
! Ry FsC WKN ® FsC Nkvjfl i
| / ! ! |
! (6] H H ‘Bu H  Hcl>N"">Bu !
i OCA Electrophilic 'y 1 e ) |
! activation | Weqk base Amon—bmdmgeo\n/ \‘/go !
! 6 Ph nucleophilic interaction O Ph !
1 1
! addition !
i O i
; CF,4 |
| N !
! F,C N 0 i '
! NN ~ - '
1 14 - =

: " FIL o Ph Ph |
| ' QO Isotactic Polyester E
' (0] O U~R i
| AT :
| &0 |

_________________________________________________________________________________________________________________

Fig. 6 (a) Thiourea-weak base bifunctional unimolecular catalysts; (b) Proposed hydrogen bonding assisted nucleophilic

monomer activation mechanism for OCA polymerization.
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Feature Article

From Ring-opening Polymerization of O-carboxyanhydride to the Discovery
of Anion-binding Catalytic Polymerization

Mao-sheng Li*, You-hua Tao"
(Key Laboratory of Polymer Ecomaterials, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022)

Abstract With the increasingly emphasizes on sustainable development, exploring efficient, green, safe, and
economical new sustainable polymerization methodologies has become a central focus in polymer synthesis. To
address the limitations of chain polymerization primarily relying on metal catalysts to regulate chain ends, we
have recently developed an innovative concept of anion-binding catalytic polymerization, where the hydrogen
bond donors could leverage non-covalent anion-binding interactions to dynamically bind, recognize and activate
propagating species, thereby achieving ideal polymerization activity and selectivity. This article begins by
reviewing the development and representative research progress in ring-opening polymerization (ROP) of O-
carboxyanhydrides (OCA). It then revisits and organizes our series of research efforts for addressing key
challenges in this area, with a particular focus on the background and establishment of the anion-binding catalytic
polymerization method. Finally, we discuss the future development trends of this emerging catalytic polymerization
approach. We believe that utilizing non-covalent interactions to catalyze challenging ionic polymerization
represents a promising new direction in polymerization catalysis, which will significantly contribute to the
sustainable development of polymer science and its associated industries.
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