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Fig. 1 (a) Mechanism of enzymatic ROP of TMCL%3%4; (b) Cyclic carbonate monomers; (c¢) Hydroxyl initiators.
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Fig. 5 (a) Schematic of an enzyme/organo-catalyzed microreactor for BnOH-initiated ROP of cyclic monomers. (b) Integrated
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Table 1 Enzymatic ROP of TMC for the synthesis of PTMC.

. Feed ratio ) T t Conv. M, Gpe
Initiator Enzyme Medium ’ D Ref
[MJ/[1] (0 () (%) (g/mol)
1,5-Pentanediol CALB- 43.5:1 Toluene 60 15210 min 13.4-99.1 600- 1.1-14  [89]
MWCNTs 4.8x103¢
1,6-Hexanediol N435 - In bulk 60 24 - - - [92]
(HOC;H¢Te), N435 300:1 In bulk 60 24 - 2.94x10% -
[S5-(Hydroxymethyl)- ~ N435 60:1 Toluene 55 18 - 2.30x10° 1.88 [100]
2-phenyl-1,3-dioxan-
5-yl] methyl 2-
bromopropanoate
EGP PS-30 7:1 In bulk 70 96 20 - - [105]
CCL 7:1 In bulk 70 96 5 - -
™M 7:1 In bulk 70 96 <2 - -
MAP-10 7:1 In bulk 70 96 15 - -
AK 7:1 In bulk 70 96 >78 - -
N435 7:1 In bulk 70 96 97 7.20x103 2.5
PPL 7:1 In bulk 70 96 >78 - -
PHB-diol,g ¢ N435 75:1-  1,4-Dioxane 50 8 57-71°  4.50x10°- 1.26-1.36 [106]
100:1 5.50x103
N435 50:1- Toluene  RT-70 8 81-89° 5.40x10°- 1.43-1.69
100:1 8.70x103
PCL-diolsgq, ¢ N435 100:1- Toluene  50-70 8 54-67° 7.70x10°- 1.58-1.64 [106]
200:1 1.06x10*
BnOH N435 10:1 Toluene 60 8 min ® 98 1.20x103d 1.12 [124]
170 min 96 1.20x103 ¢ 1.20

2 Reactor: MR; ® Yield; ¢ Measured by SEC; ¢ Calculated by 'H-NMR.
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Table 2 Enzymatic ROP of TMC derivatives for fabrication of side-chain functionalized polycarbonates.

. Feed ratio . T t Conv. M, Gpe
Monomer  Initiator ~ Enzyme Medium ’ D Ref
[M/[1] (O () (%) (g/mol)
BTMC PEGygq © IPPL  136:1-545:1¢ Inbulk 150 12 - 3.43x10%-9.15x10*® 1.26-1.29 [131]
TAC mPEG,09  IPPL 5:1 Toluene 120 24 69° 5.2x10° 1.30 [133]
DTC mPEG,,0¢  IPPL 5:1 Toluene 120 24 752 4.6x10° 1.28 [133]

2 Yield; ® Calculated by 'H-NMR; ¢ PEG (My=6000) were purchased Shanghai Chemical Reagent Co.; ¢ mPEG (M,=2000)
were purchased from Sigma-Aldrich; ¢ The feed ratio was converted from the reported [BTMC]/[EO] ratio based on PEG with

M, =6000.
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Fig. 6 (a) Enzymatic ROP of BTMC initiated by PEG for the preparation of ampHipHilic triblock copolymer PBTMC-b-PEG-
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T (37 °C) IR BGH 26 i TR I 45 R4 °C),
YR TR T8 S S PNIPAM (LCST: 32~33 °C)
FoJE H R K RS F A NEUK SRR, A
PRBE R RUSIANE T 2R T8

DAE A 10 0% 0 (thy mine ) U 35 (1) 7S TCHOIR R
FR G FRAR(TAC) % 0y, He Z5U331R4 4 | — i dt
T AN 2 H AR I = A2 5 30 pHL e

b
j)\ 5 (O N©)
9 NH Et;N X
X + | A e 040
N ~O0
0.0 H
1 Thymine ‘ N\fo
NH
AC
(0]
TAC

PEREI R G0 . i i e w5 D 05 Tk B R IR (A C) it
B 58 RN BLAE B D) BEFAR TAC, DA AR
2. —FE(mPEG, M,=2.0x10° g/mol) N5l k7, TAC
B(FDTC NCGEER) Ak, il T R
£ ¥ mPEG-b-PTAC. mPEG-b-P(TAC-co-DTC)
1 mPEG-b-PDTC (/& 7). mPEG-b-PTAC i 7K B
b R R P i e W R ] R 5 AR TR 24 ) R e
(MTX) %> ¥ H 1 2,6- — & FL L e (DAP) 45 14 38 %
BCRE S AN 2 A, XM ARIL O AR AR
WK R T+ T 23R 5 e T, (a4 &I8 F
13.8 wt%. TERHIIR A ST R M 2% £ (pH=5.0)
T, MTX & AR TFAGHISS T 2 S8 IER,
8 2R T 26 2 3 T P M AR B A B (pH=7.4)
(AT 12 h ] RBVRE TR . 60% versus 35%). fR4H
ARSI R, 2R R AENE R 4
2 ) % HeLa 41 MU (1 #3514 S5 25 MTX A Y, JEIL

A0 B B s 253k v )
By H
fofto of,
/\5
L Ot e 0
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Fig. 7 Synthesis of TAC and the ampHipHilic block copolymer mPEG-b-PTAC.

JUER 2 (DOX) A& — ) i fim 2136,
K PR LB RIER S, ORI
BELI) 7 G R FHUS71381 ) 2 i T pH U AL S B 1Y)
F TR 2 RS ER, R P R A A Bk R 2 R
B, R o bR R B A AR S . He SE1391 LA
mPEG (M,=5.0x10° g/mol) A 5| &5, #|H IPPL
THE A 00 5 5 2 R R 11 S0 TR AR - 1, 3- -2 -
(ATMO)MIER 7K 54k DTC P IL R, AT Pisk
M % B 3L 28 ¥ mPEG-b-P(ATMC-co-DTC). #1|
1) S5 4808 R (m-CPBA) Y ATMC B2 76 % (1)
IR AL, FSKEPRGINE, &5
TE PR MR ) B B DOX LM i & T R &Ml
B b, il 7 HARET 24 mPEG-b-P(ATMC-co-
DTC)-g-DOX (M, gpc=1.44x10*~1.53x10* g/mol,
D=1.29~1.33) (K 8). %R Zj7E/K 1 ] H 2H 25 Bopi
1£4790~140 nm K IR, #2554 9.9 wi%~

12.5 Wt%. PRAMRE S 0IE ST T 6 1) pH i 7 7
ZURFIE: FEASAUL I R 2 N IR A il P TR 11
W5 (pH=5.0) &, 72 h I DOX 2 AR it i
84%; TM{EAEFIREI(pH=7.4)F, FHIREHBRIL
9 42% Fe A %2 IR R e E i i A e Al
AN HeLa 4, 75 M ARG PEPR S fil & R DOX
IER Tafut%, R EE A, 4
50% 4HIHE T FIFIHIIR EE(1Cs) N 10.9~16.1 mg/L.

R (FA) 52 44 1E 22 Foft [ 98 200 Jifa 2 1D ok B2 3%
ik, FIH FAENBCARAE R 25936 12% R 40 /2 S0
i = B0 B ) [ 28 B SR W . He 5504006 B /2 ROP
SRR LSS, 0B T —FREE R gk
VAR IIR T . B SR 1,13k —BKPE(CDI)
TR BE A S R A R 5 F 5l KGRI FA-PEG, {E
IPPL ] f# 4k F, MAC 5 DTC % % #% FA-PEG
(100 °C, 48 h)A1mPEG (90 °C, 8 h)5| kKL%,
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Fig. 8 Synthesis of the pH-responsive DOX prodrug mPEG-b-P(ATMC-co-DTC)-g-DOX via mPEG-initiated enzymatic ROP

of ATMC and DTCI!#],

FIN A% T BT 32 B A ThEE I P S R B AL 2R
¥) FA-PEG-b-P(MAC-co-DTC) J H: AR 4 [ % [E 47
mPEG-b-P(MAC-co-DTC) (& 9). i% 3t ¥ 7E K
o R AR - A M ROR,  FF s B Ay
= R DOX. HARFL M iR A AH b, FA {2115
(1 4% 24 i TR e dd o 2 AR 5 1 A R/ FH 4 HeLa
211 B v R B I . ) 2 5 1) FA B ] R SR (IC50=
0.58 mg/L )% HeLa 20t 1 24 f 25 14 5 35 A0 T AR 41
AR (ICs=1.88 mg/L), HI7 R 5372 DOXAHY .

3 OiF B AR ER R

VU P Bk R T (TeMIC) /& -1 76 3 R Bk i i
AR 5T K B 7200 AR I PTMC A H
T VY V. H 1 82 P (P TeMIC) R He Ak BRI 38k 1
T4, HuiKkvsEws, HAHPTMC REIZ 1%
AR . T 4k o B R TR AT S RO AT 8 R 4
Rt KUERKAENR . R A T
FESCER A R I H URR AR 34 0401920l g 5] N
IKYER 73151 ), o R 38 9 o Pk ik B 3L 5
B TR 5 2. 2515 S IR (R 3).

Feng Z51417E 30 °CfiEIE T, FIfl mPEG (M,=

2.0x10% g/mol) 3| & TeMC JF 3 54, N435 it
PR3, 345 HAG AN F PTeMC B K 7 35 7 #r B
JLRYI mPEG-PTeMC (& 10(a)). iZIL R Al 7K
O H R TE R E 9K I AR, I 5 RO FE
(CMC) AN 1.6~9.3x10"7 mol/L, JFfi PTeMC % K
B PR . B S T BB TEMZ SR SR, i
WEIKIY BB Ear, TARAELH 25 nm,
A HCHU (DLS) 15 H K AR 4% 4 120~180 nm
(E 10(b)). 2 AL R #h 22 71 (PBS, pH 7.4)
CE S KRG RiAATo SR, RHH BRI
e pRFR 1 . AH B PESLES 27K, mPEG-PTeMC,
AE WA P 0 [ P ek VRS 293T 4 i 76 BH 2 23
PE(E 10(c)). 2 SO B KA L 2 A i 25 LA
AL R (2 13%) M AT R RAT N, RRIUE %
b PTeMC %K 1386 in i PR (B 10(d)).

4 KRINRERER

R FEARCH R T HOEE >14 1), 5%
FLRLE ROP (YT A B EAFAEA T XA . /N3
AT A BRSBTS R Wi #E, i
KA RAEIFA LR TGRS, REdRES
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Fig. 9 (a) Synthesis of the macro-initiator FA-PEG; (b) Fabrication of ampHipHilic block copolymers, namely FA-PEG-b-P
(MAC-co-DTC) and mPEG-b-P(MAC-co-DTC), via the ring-opening copolymerization of MAC and DTC monomers, using
FA-PEG and mPEG as macro-initiators, respectively('4%l.

Table 3 Preparation of PTeMC via enzymatic ROP of TeMC.

. Feed ratio ) T t Conv. M, R
Initiator Enzyme Medium . ’ D Ref
[M/[1] O M (%) (g/mol)
MPEG(90? N435 1.7:1-17.2:1 Toluene 30 48 - 5.0x10%-2.1x10* 1.71-2.01 [143]

*mPEG (M,=2.0x10%) were purchased from Sigma-Aldrich.

MR IR B U-10, G T2 I 2 5, K BRI,
AR Z R THOVR SRR T 4E iFE. DIN435 L), il mPEG (M,=2.0%
ﬁ P AE R BAR B AL AT hREAL B 10° g/mol) 51K My 5 e-CL P ILEE, BTh &R T
WA HIFEE A B, XM PR TE ik B = 7o 3% B mPEG-b-poly(My-co-
FIEENE, 2 E RIS ANISLEGE  CL) (Bl 11(a)). 3L R B 43T B KR A

AR TR o R 5 I E T ORI 25 )

A G & F T R PR B I J5 3R 3l ROPUS!159), i/t
R, FIAHX—E, EIIEE ROP BT

BEEDIRETCHR 5l N K INBR IR TR 4 1 - ik 4
K, AT BRI T HL AR S pH o N A5
REAFIE (SR 4). HHoRAKPEI Ko T 51 K70 51 b g
PR R il B 2T R, LR
T IR T P A% R 10 Xof Jv e P 35 v PR R 8 A5 5 (n
TEVESE B IREER 1 pH) = A R e B

N T e g R AR H AR e A v
VIR, Feng S0 R T —Fh 14 ﬂﬂﬁtl
(FIBH &5 T R B TR BRI 1% R 40 . RIMTRIR TS 6,14-—
I 3E-1,3,9,11-DU 3% 44 -6, 14- — R 44 -3 ©4%-2,10-
i (My Bk ADMC) =5 8 fik A IFBUR 5 (4] B A pH
U, [FIEE G T ARSI S T R A R
BRI BP0 R, H PM IR~ 2 3k

A pH Wi B REPE (B 11(b)): 78 AR08 TR B 1)
FR L2511 N (pH=6.0), AUEE R BT, i
X B HE R, KM T, S EUR AR
TERK, SERIZRASRARL, AT SEIIN AV 55 ) Pkt
B 5 h BETBCRIE 73%. %3 Y%t HeLa Fl
COS7 #3532 T HE AR AR 1 B 1560,

FEED)REA T PR AR SR S ) A A I DAk T
I ERHRAR, HRSITE T 55 & Thab 2L F 3R
PAARHE DL R 4% . Lang Il Zhang S50 T —
Tl B T R AL AR e T 1 P e P S R
N435 {465 B/ (S/Se) B Th e T 5 R — K
Fis (DPC) A e B2 4 8 1A FH R VA g AT K3 &
KL, AT SR (Ms)s B (Mgg)
F i (Mse) S P4 (Mg ) FRIFRIR BR R T — SR A4 B
iz A R B R 2, "y RE
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Fig. 10 (a) Synthesis of ampHipHilic block copolymer mPEG-PTeMC via mPEG-initiated enzymatic ROP of TeMC; (b) TEM
images of micelles self-assembled from: (b;) mPEG-PTeMC,, (b,) mPEG-PTeMC,, (b;) mPEG-PTeMC;, and (b,) mPEG-PTeMC,

alongside their respective size distributions measured via DLS in distilled water; (c) In vitro cytotoxicity evaluation of mPEG-

PTeMC, across a series of concentrations; (d) Cumulative drug release behaviors of the copolymers: (d;) mPEG-PTeMC,,
(d,) mPEG-PTeMC; and (d;) mPEG-PTeMC, (Reprinted with permission from Ref. [143]; Copyright (2009) American Chemical

Society).

N-BUREEH A 55 Thaefb & 5 . LA BnOH J 51 &
A, N435 AT, A IR BLARTE 70 °CHH 2K
FHFIREA (B 12). Mg Mg 1 Mg, FRELAL R
it 90%, BT 3 R BK R S (PMss PMgs+ PMg.) 7%
TR AT B8 (B=1.26~1.55). 881, HT
PMes 7F HUR IR AR PERR 22, S BUR AR R
HAZ ARSI, Miese AU 54%. £H5HIX
AW, ABATRIR AR JREE, el T
A RIFE AR RS> F51 &7 PTMC-OH 1E N
COTIETEEAR”, NI R T R AR
IR, Al Mgese FUFE A2 KRR T 22 94%, I

RN il %% T R B R Y PTMC-b-PMg. .. 255
FRL T B RE B T 1 SR T S A TR g S
A H,0,v RS HERE(DTT) A H K (GSH)
S ARG T P AR T e L X R
W AT, 256 SRBRIR IR 7 () LE VD B Ak, {6
FRIZEMRIAE JRERE ). PR TT B RE 2
R A R R AT S R S AR,
Lang Al Wei 25058153331 F§ mPEG (M,=2.0x103 g/mol)
M PEG (M,=2.0x10° g/mol) 5] &K Mss K &, 315
Iy TR (D=1.46, D=1.53)[Pi3E 1B
R
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Table 4 Synthesis of backbone-functionalized polycarbonates via enzymatic ROP.
. Feed ratio . t Conv. M, \mvr
Monomer Initiator Enzyme Medium . ' b Ref.
(MJ/] 0 ) (%) (g/mol)
Mgg BnOH N435 20:1-100:1  Toluene 70 12 92~93 7.7x103-3.47x10* 1.40-1.44 [157]
N435 20:1-100:1  Toluene 70 12 93~94 6.9x103-3.36x10* 1.38-1.45 [158]
mPEG, N435 20:1 Toluene 70 12 92 8.6x103 1.46 [158]
PEG;49 N435 20:1 Toluene 70 12 90 8.5x103 1.53 [158]
Mg BnOH N435 20:1-100:1  Toluene 70 10 97 6.0x10°-2.91x10* 1.31-1.55 [157]
mPEG, N435  5:1-50:1 Toluene 70 12 93-98 9.7x103-2.57x10% 1.26-1.48 [159]
Mg, BnOH N435 20:1-100:1  Toluene 70 6 97-98 8.7x10°-3.53x10* 1.26-1.48 [157]
10:1-100:1  Toluene 70 12-48 - 5.6x10°-3.59x10* 1.30-1.36 [164]
mPEG,;s N435  6:1-30:1 Toluene 70 24 - 4.0x103-1.37x10* 1.13-1.26 [160]
mPEG, N435 10:1 Toluene 70 12 - 5.5x10° 1.33 [164]
PEG N435 10:1 Toluene 70 12 - 5.5x10° 1.50 [164]
Mgese BnOH N435 20:1 Toluene 70 72 54-61 5.0x10° - [157]
N435 20:1 Thf 70 72 46 - -
N435 20:1 1,4-Dioxane 70 72 71 - -
PTMC50-OH  N435 20:1 Toluene 70 24 94 1.66x10% 1.12 [157]
MPEG,y-OH  N435 20:1 Toluene 70 72 69 - - [157]
2 Measured by GPC.
(@) (\ N/\ 0 | (0]
\ N4
/O+/\ %H + OYO O\(O + (0] i» ’PO\/H'QO/\/N\/\O)L)%OWY
O \ 60 °C v z
Ofn O o]
mPEG My &-CL mPEG-b-P(My-co-CL)
(b) H*
PMy § I - Drug e
. e H*
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Volume expansion \/.\I—/IJJJ
H+
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Fig. 11 (a) Synthesis of the ampHipHilic block copolymer mPEG-b-poly(My-co-CL) via mPEG-initiated enzymatic ring-opening

copolymerization of My and ¢-CL; (b) Schematic illustration depicting the pH-responsive morpHological transitions of micelles

as well as the corresponding drug release behaviors!'>l,

TE LT AL) 5 5% T e Ak KPR A 1) Sk |
W FERE— 20 T AR Tl L TR S mE B2 il 22 i oy 56
A, DAL 2% 1) Fi e o 158 S B s R i 1 24
VIR HIRE . Zhang ZE091VH N435 i 1k Mg FF 3R 3
4, mPEG (M,=2.0x103 g/mol) 5| K#H|, #l% T

=

PISEE B LR mPEG-b-PMg (M, 6pc=9.7x103~
2.53x10* g/mol, P=1.26~1.48). %L YK
H 2% AR R, B P BRI BE T A4
LR 2B 115 PR S (ROS) A B4 (K 13(a)). 7E H,0,
TERR, Tt Fak S e S0 o i /K M P T R R AL
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Fig. 12 General synthetic strategies for backbone-functionalized cyclic carbonates and their corresponding polymers(!*7],
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RIFE, Zhang FENOLEITFEE ROP AR T HHES
filf Bk 5 1¥] mPEG s5-b-PMs, (M, nvir=4.0%103~1.37x
10* g/mol, P=1.13~1.26). iZILRYEKF F 2%
SN I R I HE 3 5 1F ROS Wil P 13 (b)) :
B 7K A ) P B £ A FE IS %2 5 mmol/L 1) H,0,
FH T B R] Al b3 A1 A 5 K B G SE BRL ESAT B
51 K A K B A4 . 5 G RT Y mPEG-b-PS A
bl , L B AR B9 BE A 100 mmol/L 2 3 PR A% &2
5 mmol/L, 540N [A] A 96 h KIE4E%i 2 12 h
DA . Ak, i K B B 0T o 97 3o 2 A 1) 48 4
M, BKBEBAS, BORAZBECS, SHFEE
RS, FECIAE N AR RN

F T e 8 ok B 855 [+) B B A 55 IR 4 AN = GSH
WEE AL, Zhang SEUOUHI 7R T R TR s &
BERA R O N B R R, TR T
RePUfem 29 EUATRIL 18 58 . L BnOH 5] & pH
U AR My 530 SR U AR Mg TP IR 3L, &
BT B B AUE S AR T R Y poly (M-
co-Mss). BT U3 41 (1) 51 1k g 77 4 o5 7K
PE, OB AR pte KM, RGNS
(11 PEG %526 /K BE B, 2L R RI AT LE KB
H 425 BRI A2 2 70 nm R 9RK ISR . 122 i AR A A
U R A 85 F 0 . S P pHYAAS U EE i [
PE(E 14(a)): 7ERRTE A (pH=5.5) T, HU& )i T
R BURR 72 J2 B AT Jr U3 KIS I, 252845
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PR G BEREAR S KA 0 A, SEBL
TR AP fif 2H 255

BR T 5RIE JFE PR X —HRFAESL, ROS KPR
T v A1 2 iR A 5% 1) B BLRFAE . Zhang 25016211
mPEG (M,=2.0x103 g/mol) 5| & My 5 Mg, JF 3 3
B, ARCT R R S E e A SR
ik B 3% I W) mPEG-b-poly(My-co-Ms.) (Mo xvr=
7.4x103~8.1x10% g/mol, P=1.36~1.49). %ILEY)

H 4 2E T B 9K e AR R B0 HE I 57 1 ROS/pH XX
0 N (B 14(b)): Al ik 5 [ 0] B HL,0, G 41
AR S K PR ST AR BRI, EL S i o3 5
TR IIRERERE SR RIET T2 1065, B
Pem T AR TR R s T AE R 14 2% A (pH=
5.00F, BUGTR 5] R 5 ) 5K M
T HR R B EEK, RAMY65 nmil R Y
320 nm. JX OB B R R AR A RS R BT 24
DOX, 75 ARHOL 3 ol B4 15 T S T 245 47 1 R ek
B 12 h BRI 70%. 1% 36 B4 I HA AL 7=
WIAEARIK B T (<200 pg/mL)¥) R B IF 4R
VIR .

B 7 IR BK R BE 3L 5, Zhang SFUSIL B
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T, AT R B 3L R Y mPEG-b-poly(CL-co-
Maese) (Mynnz=5.5%103~2.19x10* g/mol, D=1.36~
1.78). e-CL 12 S5 K Hh 203t 1 S DAk &R 34040
PE, K Mese VAL 2R IS RIS 1) 33% $2 T+ B L5
I8 97%. PMsese i Bt 23 1 PCL &5 i 2 T 1%, I
HBEE Mese H oI N, HLERWI T, 1-48.9 °C
T 2 -10.7 °C. ZIL R Re ALK T B 21 3¢ ok
122950 nm FIGOKRIR IR, 328 b 1) il B 7 3L
ROS/GSH XU E M B4 7E H,O, FALAE ™ Al
SN SRR AN R, 7E GSHIE 5 AE T~ #%
N .

N T RAEER S R R 1 R N B )
PN T B EERE,  Zhang 202 B 25 44 U T 1 56 A
PIRIR R AT L3R L JE T N435 {10 1,8-3F
5 DPC W [ N.AS 21 22 76 KA BRIR B 1,3,12,14-
PSR 3R —+ - J52-2,13- E{(TDC), 7£ N435 (¥
4L N, mPEGys (M,=2.0x103 g/mol) 5| & Mges.
5TMC (B TDC) L IL T, #il& 7 — RVIPE
PETE LT (B 15(a) A1 15(b)). 7E TMC/ Mg, 1A
A, TMC RIS W) & 1) s 8L 1 (e 4 2
92%~98%), Ma.s. ¥ 1% 82%~83%, 3k
E Y mPEG-b-(PTMC-co-PMg.s.) [ 73 T B4 Aii 1%
B (D=1.42~1.53). T 7E TDC/Mg.g. BUKIF K R 1,
TDC 5 Mgese FI 30253 7108 78%~86% 15 68%~
78%, 1335 B ¥ mPEG-b-(PTDC-co-PMg.g.) )
PR AE (D=1.16~1.30). ) 140 FEiESL,
T TDC 5 M5 BN K G5 1, —FHER AL
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Fig. 14 (a) Synthesis of the poly(My-co-Mgg) copolymer via lipase-catalyzed ROP, along with its reductive and pH-responsive
behaviors [1°1, (b) Oxidative and pH-responsive behaviors of the mPEG-b-poly(My-co-Msg,) block copolymer: Micellar swelling
is triggered by enhanced hydropHilicity derived from the oxidation of selenide groups to hydropHilic selenoxide or selenone,
coupled with the protonation of tertiary amine groups (12,
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Review

Enzymatic Ring-opening Polymerizations of Cyclic Carbonates

Yu Zhang!, Xin-Yu Jiang?, Xin Hu??*", Ning Zhu'"
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Abstract Enzymatic ring-opening polymerization (ROP) of cyclic monomers has emerged as a green and sustainable

method for synthesizing biodegradable polymers. Among these materials, aliphatic polycarbonates have attracted

considerable attention owing to their excellent biocompatibility, biodegradability, and diverse structures, with

broad applications in tissue engineering, drug delivery, electronic materials, and packaging. Recently, a variety of
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functionalized biodegradable polycarbonates have been synthesized through the enzymatic ROP of cyclic
carbonates in the presence of alcohol initiators. This review highlights the advances, challenges, and opportunities
in the biocatalytic ROP of trimethylene carbonate (TMC), TMC derivatives, tetramethylene carbonate, and

macrocyclic carbonates as monomers. This study provides guidance for the development of biosynthesis of
polymers and biodegradable polymers.
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