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B 52 AR NOILI3,19-21] i SR R I 5470 14 G A AE 242
PRS2 Y AP RE I G BR R R, T4 v T A
rR AR 7K W T 1 7y 3 2 A0 7 2 TRD S B, R Ak
ERRC A5 40 RT DA ST AR 3 98 1 A £ A1 T e TR 22 T
(rac-LAY A L, 153w r AR08 B 1) SR 2L
T A Rl K K I b HOAR 25 85 3y IR F 7 5
Hl, FCAYIRINH B = B A S PER224, 5 SR
A VAT AR R A B, a4 il
ENTENRAY. XREBETH&RS TER
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(1 S5 NI B, AR T I A 178 1O 368 2 5| R ™ B[ 4
T TF RIS HER RN, FERES TR
Anrgs . A, RA DG RE T2 s
MREREC A, AT AR 4% 2 T R I SR e A
BE . 2R - B N AR R4S RECE
A PALE 110 °CE& 1 N Puidi fi 46+ TR N B (PDL)
1] % & ]2 i (turnover frequency (TOF)1H 1A %
23150, 132515 (M,)ik 164.5 kg'mol !
(1 K B e SR A RO SR P IR R Ay e i 2 ]
TE BRI 4 &8 D E AR L5, 1k e- LN R
(e-CL)YRA N, A LIS #| M,=172.8 kg-mol ' ]
RO ABE(PCL)M RS,

Wit il a5 g Lk faf v . SE AR E AR R &
W, SCILAEARMEA R SRR SR 26 T,
TR TR IR B R, U MR
—/MF AT E A5 2021 4F, Romain PR R 1E T
— 2K Catam 8 7ic & )(Catam 442 A C i 5
2 F5 BE R &1 3,5- U T HE A0 2K 2R (1 B K 4
AN E]), W CATEE R A T miE LA
AEHG(LA) R A SONR6, AL ML B A 72 28 W fic 44
FEZE () NH #8 5 LA A b i i 52 S50 7 T il
BAER, BRART BREWIR T LR TEE, dhm
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W), i e-CL B A AL T 1 EE 2B L4574 () Salen
BECAEDR R T 26 R5, BATHEN Salen 4 Al
Catam 4§ [¥] 3 [ 1 F 5 B F &-CL ¥4 135 1L
1281,
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BB EE TR I S R TR AR A, S8
LT A R AR RS AL R S OB, A
RO PRI Z R & T — RV T EAF
> TR R, 2 tia 73RN
MIBEB A M S AT RHERE 2 TR 98 A

H
>/:\< H >/:\< H
NN =N, N_Bu
Bu “ l’\ Bu N
O/ (|) O tBu )|( \0
| Bu Bu

Bu Bu ! Bu

Catam Al 1 Asymmetric Al

2: X=0rBu 3: X=0Bn

Scheme 1 Al complexes used in this work.
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1.1 EZEERFRF

e- Wi (e-CL). J-T N G (0-VL). (+/-)-
trans-1,2-38 & & T 2 BT RHBA BR A A
(ZTFHLE), = 43R mol- LY, H ZR) T
BHRBR A RAT, 3,5- 8T KT
g EES AR AR A IR AT, 3,5- T A
AR T BRI R AR R A TR A A
e-CL Ml 5-VL B LRT T N 2> 52 S A0 5 1 3
24 h, P 2SR AL AT . R 2R Y SR R
TR AR, BRSNS ESEHS
TR FER N F B A R AT, H AR
aifs A . IE Ok TR AR, BARY
TN EEA SR 24 h, R 2R DR R4l 5 4l
F . FH At 70 2 A5 A7 0 F AR AT A2
1.2 SEEUEE R

WREHARPE (NMR): 7 Bruker AV 500 MHz
oY Bruker AV 400 MHz # S REILHRAL,  PLRAR
A5 (CDCL)BTARZE(CeD)E M AR IR, PO
FRERETMSE N A FR, 25 °C R HEATIIE .

%t 535 1% (GPC): i Fi Water 515 GPC
B BE A, AR aIE, fER3)
N 1.0 mL-min!, #EIR N30 °CCRIZAF T, f#
FROK G E N IERRUED AT I 5

INEFEAIE(DSC): AR5 TA Q100
(RFFHBHA R AR, Z390E A 50 mL'min !,
FE S RN 5~10 mg. BWEREF MR : 7R85 — IR
IR, BL10 °C-min ! ARG ZRERE L A
25 °Chn# % 140 °C, JFAE 140 °C T 1HiE 3 min,



60 =t

n T

¥ i 20254

PLHBRIADI S ARJE, BL10 °C-min! IR K FE
AAHIZ-70 °C, FHAE-70 °C FRFF2 min; 5,
PA 10 °C-min" {3 FERE R 5 38T A 2 140 °C,
FE it 11 45 o T B (T0) R0 R, 2 (T, 0 531 B L
R ANEE T HR 2T S A 2
1.3 SEREYHNER R R

Catam F5 L &P 1RUFI A XS R A 2 3
(I ECAR1281 73 731 2 HE SCRRARIE 8 7 VEIEAT 5 B
1.3.1 FRECE2 6 S R AE

R A E T B4, KA (1056 mg,
2.0 mmol) I\ 50 mL )i, {3 A 4 mL PYE Pk
VAR, RS BT 40 cCA M, 2
PN 2 mL = B (1 mol- L 2R ).
oG 218t R =R AR R N 4 h, 8T A R
T DU SRR A =P 4 mL R RIS, 2%
PSR AT B (148 mg, 2.0 mmol), 1E % RN
16 h, HIAS mLIEC e fEidE, FrisigntH
1E CUGE eI 5 3l 43 2 E A AR 72 4 (746 mg,
1.28 mmol, 7*% 59%), 'H-NMR (500 MHz,
C¢Ds, 9): 7.82 (s, 1H), 7.54 (s, 1H), 7.52 (s, 1H),
7,03 (s, 1H), 6.99 (s, 1H), 3.07 (d, 1H), 2.86 (m, 1H),
2.22 (m, 1H), 1.91 (s, 9H), 1.81 (s, 9H), 1.71 (m, 1H),
1.48 (s, 9H), 1.37 (d, 18H), 1.31 (m, 1H), 1.25 (m, 2H),
0.71 (m, 1H), 0.49 (m, 2H), 0.10 (m, 1H). 3C-NMR
(500 MHz, C4Dy, 9): 166.65, 163.32, 154.79, 139.97,
136.56, 136.07, 135.83, 130.21, 129.11, 126.92,
121.52, 118.63, 116.86, 66.47, 62.12, 61.53, 34.41,
34.31, 32.92, 32.83, 32.75, 30.71, 30.27, 29.04,
28.43, 26.25, 22.56, 22.40. MALDI-TOF-MS (m/2):
Calcd. for complex 2 ([complex 2-O'Bu]*): 559.4;
Found: 559.4.
1.3.2 FEEEY3 G SR AE

ER A BN FEH S, BB (1056 mg,
2.0 mmol) I 50 mL BeffiH, {#H 4 mL PYEME
VA AR, RN BT 40 cCA M, 2%
PN 2 mL = 4 B3 (1 mol- L™ F 2R A K).
G et 2 =R R4k s B4 h, flifHESE
bt - DU S PR L OFE P 046 B 4 mL FORIE RS
ZZ M NS EE (216 mg, 2.0 mmol), 7E %R B
16 h, HOIASmLIEC a8, Frigigpt
F1E CUE e i 3115 21 A A 474 (813 mg,
1.32 mmol, %% 61%), 'H-NMR (500 MHz,
C¢Ds, 0): 7.86 (s, 1H), 7.65 (s, 1H), 7.37 (m, 2H),

7,25 (s, 1H), 7.13 (s, 1H), 7.02 (m, 3H), 6.93 (m, 1H),
497 (s, 1H), 4.84 (m, 1H) 4.73 (m, 1H), 3.81 (m, 1H),
2.49 (m, 1H), 2.14 (s, 9H), 1.39 (s, 9H), 1.31 (s, 9H),
1.25 (s, 9H), 1.18 (m, 2H), 1.10 (m, 1H), 0.95 (m, 2H),
0.87 (m, 1H), 0.51 (m, 1H), -0.25 (m, 1H). 3C-NMR
(500 MHz, C¢Dy, 0): 166.79, 163.76, 157.84, 141.12,
138.43, 136.47, 135.95, 135.58, 133.06, 128.72,
128.42, 127.29, 126.22, 125.52, 124.86, 124.64,
121.31, 120.54, 119.57, 64.00, 59.39, 57.94, 34.81,
33.95, 32.63, 30.71, 30.59, 30.40, 30.27, 28.63,
27.09, 22.97, 20.02. MALDI-TOF-MS (m/z), Calcd.
for complex 3 ([complex 3-OBn]*): 559.4; Found:
559.4.
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P EREECT BB N, A RRANE T IE Ok
AR FREREC A2 FN 3, &l fE L 8 2
AR, o5 aith. FERELEIE AR P KA
(A PRAT . 1) 2% 15 B ES FL A 40 K P R G L 3R
WAL T . wE 1R, BEY2
f) 'H-NMR 3 & g 7~ 6 = 7.82~6.99 YU [l N 4=
S JE N AR HESE H N=CH [ & (1H) A1 55 35t
R (4H), 6=3.07 P15 505 I3 & B AAHE 42
NH E:HE(1H), 6=1.92~1.36 X Al H 540
BT EEME 50, 2 BAJE R EC AL AT 4 2 4
1) 2 (1 OH) AT EC A4 HE 22 (1) 80 T 25 [ I & (4*9H).
W s B 3R 0 = 2 740 e S A i F2 2R 1
SN, X Catam #E(NH) A S, DL
9 )& B4 45 A R R, IR A Ko H s
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Fig. 1 'H-NMR spectra of Al complexes 2 (a) and 3 (b).

Bt &4 2. 1 1(b) ) TH-NMR i & -t B A iE B 145
Bl &4 3 45K, 0 = 7.86~6.93 Tt [l A 5 5 14
U J N BC A4 HE 48 FR N=CH [ &L (1H) 1 75 5 35 [
FIE(9H), 6=4.97 {5 5 W JH J& T 14 A 42
NH B HE(IH), §=2.14~1.25 KX RN A 440
BT ZEME 50, V8 N ECAHESE T 2 A1
Z(4%9H).
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TG, W e-CLIMFM RS I SA/E AR,
EL A5 T BB T A1 1) &5 R oA 1k RE P 2 . DLHR
AN, e-CL:Al=100:1 (BE/R ) (FAA
W A 1 mol- L Y)FE 40 °CHINNASEAE S B 11 h,
B4 R R I 'H-NMR 3% B £ B, Catam 2570
HE W1 e-CL AL IS HERUE, A 5% 5k
ALK 1, entry 1); fEMFEIRMZMET, BA
)2 0] LLTE 10 min PYEAL 69% I B AR Ak PCL
BKEW), TOFEIAR 4140, LI HBE R
WEPEGER 1, entry 2), UEBH T Salen B8 1 Catam B2f1)
FEIVER, AR 5 T 2R TC AP0 B0 P9 e A
AR AGAE A . SR1fT, FLEP2 MR &0+
HEAEHE 2, Wentry 2 FT15 PCL 845 &
(M,)iX 74.8 kg'mol ' (LA LB E K173 &0 Aii, P=
1.65), iz & TR 7 T 58(7.9 kg'mol '), e-CL H.
T B AL R ) 90% INF, FF S PCL %y T &
RAW/NOBEINM,=82.3 kg'mol 1) (% 1, entry 3),
XATRER T EAY 2 BT AR 5] R R
1B ARG K S N R, B IRE RRE
A, FETRAYWSERS TR T
BERZ I H TR M.

RNT SRR A T T, K
FRENCAL IR T A B AR A B, TSI A
W) 31E 40 °CE& M N R I H — & i AL 1% P (TOF=
45h"), 5% M=13.6 kg:mol'. 77T &N

(D=1L.15)JPCLEEWI(FK 1, entry 4). ] Nk
3 R A FL A P AT M AR B SR T
FI80 °C, Catam#AMLAY1RILH 17— & Il
TR, 7E 10 min PIAEAL 5% ) e-CL #4k 5 PCLAK
WK, entry 5). MAECEY) 3L e-CLINER A
SR, 7ES5 min N SEEL T BRI S8 A R A (AL R
1% 98%, TOF=1176 h'"), f5%]M,=18.7 kg-mol!
1% 4 ¥ & 4> 4 PCL R & Y)(GPC M 7> 1 &
PAPSARiEM) e, RIAT REHE, 23
W TEMLT6) (E 1, entry 6). RUTBEIRIEH
PCL % & 1§ FH 'H-NMR #EAT £4F, & 2 jr
7~, PCL [ '"H-NMR # & Jg 7R i 6=7.37~7.31 75
] P ()55 5 D V1 S8 A iy 22 SR R 2 [ (R A3 1)
s =5 E S8 N SRR H 2 B
i 0=4.06 55 Ne-CLER T L 54 HE
BT 0, 6=4.20 F13.91 4% N T
(AU U= B o TLRR U s 0B AR ity (1 W0 PR S fh 2
RIFE NI T 6=3.65 Ab;  BEHZ BRIk (1) 7. H BEE
AL FEAE 6=2.31 4k, AHAR 5=2.43 F12.17 AL 11
fE 5N PRI, 6=2.36 AMIHEE 52|
FHRAT IR B R I F s L S R o 7 11
T 2B RS AL T 0=1.65 (TR IEAL B 1E 9=1.76 Al
1.52 4b)F 9=1.38 4b.

B2 00T T SARIHORI LB LS4 3 1AL
PEREM R . F BELARFORE L 23 3 32 51 21 200 A1 300
i, FCA A 3 AL VS YA BT B AR(TOF {1 433
v 852 1552 h'"), {HJEFTf§ PCL M K1) 4> 7 &
5w TR KRB N E(E 1,
entry 7, My exy/Mnmes=1.74; entry 8, M e/ My oo™
1.59). 4 H AR FORE 4 = 22 500 1), ERIL &4 3
IHEATE HE(TOF ) REIE 2419 h !, HES
=N 39.7 kgmol™!, 5ELTEMY,
X AT AR T AR BRS8N R A R BT
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Table 1 Polymerization of cyclic esters catalyzed by the Al complexes 1-3 2.

Entry [Al] [monomer]:[Al] 7(°C) ¢(min) Conv.®(%) TOF¢(h™) M, e (kgrmol™) M, ¢ (kg'mol) B¢
1 1 100:1, e-CL 40 11h 5 0.45 0.6 - -
2 2 100:1, e-CL 40 10 69 414 7.9 74.8 1.65
3 2 100:1, e-CL 40 15 90 360 10.3 82.3 1.47
4 3 100:1, e-CL 40 11h 49 4.5 5.6 13.6 1.15
5 1 100:1, e-CL 80 10 5 29.7 0.6 - -
6 3 100:1, e-CL 80 5 98 1176 11.1 18.7 1.17
7 3 200:1, e-CL 80 10 71 852 16.2 28.2 1.09
8 3 300:1, e-CL 80 30 92 552 31.5 50.0 1.18
9 3 500:1, e-CL 80 50 70 419 40.0 39.7 1.10
10 2 100:1, 0-VL 80 5 79 948 7.9 31.5 1.60
11 3 100:1, 0-VL 80 5 93 1116 9.3 13.7 1.19
12 3 200:1, 6-VL 80 30 79 316 15.8 17.5 1.32

2The reactions were performed in the toluene solution ([monomer]=1 mol-L!);  Determined by '"H-NMR spectra of the crude

mixtures; ¢ Turnover frequency TOF = ([M]y/[I],) * monomer conversion/reaction time; ¢ M, .., = ((M]¢/[I],) * monomer conversion x

(molecular weight of monomer); ¢ Determined by GPC, calibrated with polystyrene.

o d f ¢
Ar-H 2 S0
o) OH
@Afﬁfmoee

JJAI JUWW I

Ar-H a b ¢ d e f

550 4;0 3j0 2..0 150 0
0
Fig. 2 'H-NMR spectrum (500 MHz, CDCl,) of purified

PCL (Table 1, entry 6).

100 9.0 80 7.0 6.0

EMEZER 1, entry 9).

UeAh, RSN 3532006 7Rl a 1) 3
Al e-CL B I SIS . B 3 e on T ) Skt
BN e-CL HARIR FE B — 2B S 2R HIE, $etIR
R AT DL S R A OSOE E, Ho 80 °CH
S S0 EE 60 °CE1 3.13 £ (kapp, s0:c=0.147 min
Kapp., 60:c=0.047 min™").

BEJS, VPO T ERER AR RS R A T e
(RIREIR . B SR A AR B 3 o A R R 78TO Y B
O-IX W EE(0-VL), AXTFREER SR 5 e-CL
BIBBAR Se SEE: BIFE[S-VL]:[A1]=100:1 f#
FAT, BLAEY 20 REYR 7 R
%, 1531 M, ik 31.5 kg'mol ', T4 T E >
i (D =1.60) ") 5 % N 5 (PVL) M BH(E 1, entry

3.0

05k 0 60 °C: y = 0.047x — 0.186, R2=0.998

070 °C: y=0.085x - 0.079, R?=0.995

. 280 °C: y=0.147x +0.220, RZ:O.?88

0 10 20 30 40 50 60
Time (min)

Fig. 3 Kinetic plots of the &-CL conversion versus the
reaction time (Reaction conditions: [¢-CL]:[3] = 200:1, [e-CL]=
1 mol-L! in toluene).

10); AR 3 RIS EEMEEY T
AR 1, entries 11 and 12).
2.3 $AELA WM e-CL/O-VL B B R M 1Rk
2 PP G R 1) T 8 3 BRI A A T Y 5
Be PR RE R T v ok, BE—2b ik IR
FRTC A AL e-CL/O-VL LR B, 43T Huig
TEAVRMHEIERE . T3 ST B S50 5k
. I TERTR A e-CL Y RN rp, FRATR B
ERARIRERGOLR, Bmr RS 2 B3 %
MRERIE AW T RE . O T T C & W 2 R i
A EERE R R G T8, EFETEe-CL/
S-VL LT R B, [ R IC A 7 ORI )
AR FE(0.01 mol-L™Y), i 7 B4 i 50 EE R L
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% — R 7 T & ¥ PCL-PVL 2L R FE A R
B, MR ERAAEE R Hi([e-CLL[6-VL:[Al]=

PCL HIPVL 8 BRI EZ (3 s Iv):
x |
(CL*~CL) + - (CL*-VL) o

100:100: )& T, W TR AMIOILER:  lo= 1 = s O
ST R L . B T S (€L =V (CL°-VL)

HSE IR MR SO B A4 B T >

S [ 4 2 R I T T A 4 TR (vLovi)s tonecn g

B M, Bk 1733 kgmol [OSEBREEH BN 2, = . )

entry 1); T 4aH8CA 4 3 T LATE 5 min P fiEAL 2 B
B ) LA R T RN (e-CL T 5-VL G AR 53
AN 92% F188%), FifS PCL-PVL JCi 4L R s A4
BB 70 T8 N 18.4 kgrmol !, SFETHE K
¥ #(19.3 kg'mol YN, I HAT&E0 0
BAE(D=1.28) (¥2, entry2). N T ¥ PCL-PVL
REEA I ONEE B g4t , RAE T AU i 3L 2R
BEAT R BC-NMR BB, AR QitE T

% (VL*-CL) (VL"-CL)

A H CL*-VL. CL*-CL. VL*-CL. VL*-VL &
KABC-NMR 3 B H, 5=63.10. 63.03. 62.80
I 62.72 5% N7 5 5 AH 3 1 7. FR S ik 1 A0 27 67 8 U
T AR Y LA 22030 (1R gh B oR, AR & 3 1
16,100 13 BE /K B e-CL A1 100 {55 BE /R & 5-VL, Jiifs
To I A B P BB B Lo L 70 N
371, 2.66.

Table 2 Copolymerization of ¢-CL/J-VL catalyzed by Al complexes 2 and 3 2.

Entry [Al] [e-CL]:[6-VL]:[Al] T(°C) t(min) Conv. of ¢&-CL/6-VL® (%) PCL/PVL® I/l M, ¢ (kg'mol™!) D¢
1 2 100:100:1 80 5 98/95 65/35 4.88/2.02 173.3 1.36
2 3 100:100:1 80 5 92/88 55/45 3.71/2.66 18.4 1.28
3 3 500:500:1 80 5 89/94 49/51 3.14/3.56 115.5 1.58
4 3 1500:1500:1 80 10 69/88 48/52 3.00/3.41 175.7 1.45
5 3 500:2500:1 80 10 75:87 15/85 1.32/15.34 211.9 1.31
6 3 1000:2000:1 80 10 83/94 32/68 1.78/7.82 180.4 1.39
7 3 2000:1000:1 80 10 62/84 58/42 3.78/2.60 268.6 1.20
8 3 2500:500:1 80 10 58/83 79/21 7.84/1.64 178.5 1.32
9 3 1500:1500:1 100 10 99/99 50/50 2.66/3.54 230.0 1.39
10 3 3000:0:1 100 10 99/~ 100/0 - 443.8 1.45
11 3 0:3000:1 100 10 -/88 0/100 - 167.7 1.42

2The reactions were performed in the toluene solution ([A1]=0.01 mol L™); ® Determined by 'H-NMR spectra from the methylene
(OCH,) of &-CL/5-VL and PCL /PVL resonances; ° Determined by 'H-NMR spectra of the purified polymer; 9 Determined by
13C-NMR spectra of the purified polymer; ¢ Determined by GPC, calibrated with polystyrene.

$& 7 e-CL M1 6-VL SR L], 2R &4 3
IR R R AL TS 1, REV 7 TR P
hn.m, $ekkEb[e-CL]:[6-VL]:[Al] = 500:500:1 i},
X7 5 min, e-CL M1 0-VL [ 54k gl 43 il ik 31
T 89% M194%;  Fir 193 W1 4H 43 LU A5 [PCLY:
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Fig. 5 DSC curves of PCL-PVL random polyesters: (a) the first cooling scans; (b) the second heating scans.



13 EMWIRE: ASKIFREEC G VAL 5 R BRI TT 65

60 E IG5 T A )RR N R AR e-CL A 5-VIL (1
3r TEAPE R, o S B v B e A T B 5 3
0 R ERRA RAEEN R IGFIREW ST
Gz’ o REEIRAL TR Y10 min) 537 1
| = HufEEA 3000 I BRI (e-CL A O-VL) IR
30l S8, #3807 T H ) PCL (M,=443.8 kg'mol ).
25l PVL (M,=167.7 kg-mol ) A K PCL-PVL L K fig #4
sl BHM, = 175.7~268.6 kg-mol ™). 7£ #f — 2 % 3 &
15 Fe s B M S AR Re i AL R ORI, SRR A

x (%)
Fig. 6 Plots of T, and 7, values of PCL-PVL random
polyesters as a function of ¢-CL incorporation (x represents

B R E AR T DL B H i Y PCL-PVL 3L B s 44
B RBE B BT, RIS al 7 MR A b iR
TEZ130 °CE BBl Py B2 P 42 . A SO (i 2548

the content PCL in the polyesters).

B RAIREE . G L 2 RS R My
R BEFEIR SR T ot AL & = 71

N\
3 &g EREEME, NS ORI R RIREE T
Wl T R R AR RS A, AR EE
FEZE H ) Salen B A1 Catam S EH W FI/EH, &
REFERENCES

10
11

Iwata, T. Biodegradable and bio-based polymers: future prospects of eco-friendly plastics. Angew. Chem. Int. Ed., 2015,
54(11), 3210-3215.

Woodruff, M. A.; Hutmacher, D. W. The return of a forgotten polymer—polycaprolactone in the 215 century. Prog.
Polym. Sci., 2010, 35(10), 1217-1256.

Andrady, A. L.; Neal, M. A. Applications and societal benefits of plastics. Phil. Trans. R. Soc. B, 2009, 364(1526),
1977-1984.

Derraik, J. G. B. The pollution of the marine environment by plastic debris: a review. Mar. Pollut. Bull., 2002, 44(9),
842-852.

KRR, WURH, ZF A, BIE . TR S AR T 0607 5% RS AT L e . & F F 41,2022, 53(9),
1057-1071.

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.

Yang, X.; Zhang, W.; Huang, H. Y.; Dai, J.; Wang, M. Y.; Fan, H. Z.; Cai, Z. Z.; Zhang, Q.; Zhu, J. B. Stereoselective
ring-opening polymerization of lactones with a fused ring leading to semicrystalline polyesters. Macromolecules, 2022,
55(7), 2777-2786.

Hu, Z. T.; Cao, X. H.; Zhang, X. H.; Wu, B.; Luo, W. J.; Huang, H. H.; Li, L.; Chen, Y. M. Catalytically controlled
ring-opening polymerization of 2-oxo-15-crown-5 for degradable and recyclable PEG-like polyesters. ACS Macro Lett.,
2022, 11(6), 792-798.

Haque, F. M.; Ishibashi, J. S. A.; Lidston, C. A. L.; Shao, H. L.; Bates, F. S.; Chang, A. B.; Coates, G. W.; Cramer, C. J.;
Dauenhauer, P. J.; Dichtel, W. R.; Ellison, C. J.; Gormong, E. A.; Hamachi, L. S.; Hoye, T. R.; Jin, M. Y.; Kalow, J. A.;
Kim, H. J.; Kumar, G.; LaSalle, C. J.; Liffland, S.; Lipinski, B. M.; Pang, Y. T.; Parveen, R.; Peng, X. Y.; Popowski, Y.;
Prebihalo, E. A.; Reddi, Y.; Reineke, T. M.; Sheppard, D. T.; Swartz, J. L.; Tolman, W. B.; Vlaisavljevich, B.; Wissinger, J.;
Xu, S.; Hillmyer, M. A. Defining the macromolecules of tomorrow through synergistic sustainable polymer research.
Chem. Rev., 2022, 122(6), 6322-6373.

Tong, R. New chemistry in functional aliphatic polyesters. Ind. Eng. Chem. Res., 2017, 56(15), 4207-4219.

Huang, H. C.; Wang, B.; Chen, X. L.; Pan, L.; Li, Y. S. Ring-opening polymerization of (Macro)lactones by highly
active mononuclear salen-aluminum complexes bearing cyclic B-ketoiminato ligand. J. Polym. Sci. Part A Polym. Chem.,
2019, 57(9), 973-981.



66

[T M S 4 2025 4F

12

13

15

16

17
18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Wang, W.; Ren, B. H.; Gu, G. G.; Yue, T. J.; Zhang, S.; Lu, X. B.; Ren, W. M. Dinuclear Mg complex-mediated ring-
opening polymerization of lactones: High molecular weight and enhanced performance. Macromolecules, 2024, 57(12),
5720-5728.

Wan, Y.; Bai, Y.; Xu, H.; He, J. H.; Zhang, Y. T. Highly isoselective ring-opening polymerization of rac-lactide using
chiral binuclear aluminum catalyst. Macromol. Rapid Commun., 2021, 42(3), e2000491.

Jia, Y. F,; Li, B. K.; Sun, Y. F,, Hu, C. Y,; Li, X.; Liu, S. J.; Wang, X. H.; Pang, X.; Chen, X. S. Sustainable, recyclable, and
bench-stable catalytic system for synthesis of poly(ester-b-carbonate). Chem. Bio. Eng., 2024, doi: 10.1021/cbe.4c00064.
Wu, L. J.; Lee, W.; Kumar Ganta, P.; Chang, Y. L.; Chang, Y. C.; Chen, H. Y. Multinuclear metal catalysts in ring-
opening polymerization of e-caprolactone and lactide: cooperative and electronic effects between metal centers. Coord.
Chem. Rev., 2023, 475, 214847.

Yolsal, U.; Shaw, P. J.; Lowy, P. A.; Chambenahalli, R.; Garden, J. A. Exploiting multimetallic cooperativity in the ring-
opening polymerization of cyclic esters and ethers. ACS Catal., 2024, 14(2), 1050-1074.

XN, X3, R —, BT IR & DAL SRR TP A R G AL . & 4 F 5 4R, 2024, 55(6), 770-780.
BN, SR, FORKE, PEE, B AR I AR S A TR I W AL R L & T AR, 2023, 54(4),
467-475.

Du, H. Z.; Pang, X.; Yu, H. Y.; Zhuang, X. L.; Chen, X. S.; Cui, D. M.; Wang, X. H.; Jing, X. B. Polymerization of
rac-lactide using schiff base aluminum catalysts: structure, activity, and stereoselectivity. Macromolecules, 2007, 40(6),
1904-1913.

van der Meulen, I.; Gubbels, E.; Huijser, S.; Sablong, R.; Koning, C. E.; Heise, A.; Duchateau, R. Catalytic ring-opening
polymerization of renewable macrolactones to high molecular weight polyethylene-like polymers. Macromolecules,
2011, 44(11), 4301-4305.

Pepels, M. P. F.; Bouyahyi, M.; Heise, A.; Duchateau, R. Kinetic investigation on the catalytic ring-opening (co)
polymerization of (macro)lactones using aluminum salen catalysts. Macromolecules, 2013, 46(11), 4324-4334.

Nomura, N.; Ishii, R.; Akakura, M.; Aoi, K. Stercoselective ring-opening polymerization of racemic lactide using
aluminum-achiral ligand complexes: exploration of a chain-end control mechanism. J. Am. Chem. Soc., 2002, 124(21),
5938-5939.

Tang, Z. H.; Chen, X. S.; Pang, X.; Yang, Y. K.; Zhang, X. F.; Jing, X. B. Stereoselective polymerization of rac-lactide
using a monoethylaluminum schiff base complex. Biomacromolecules, 2004, 5(3), 965-970.

Qu, Z.; Duan, R. L.; Pang, X.; Gao, B.; Li, X.; Tang, Z. H.; Wang, X. H.; Chen, X. S. Living and stereoselective
polymerization of rac-lactide by bimetallic aluminum Schiff-base complexes. J. Polym. Sci. Part A Polym. Chem., 2014,
52(9), 1344-1352.

Chen, S. Q.; Zhai, Q. G.; Li, S. N.; Jiang, Y. C.; Hu, M. C. Channel partition into nanoscale polyhedral cages of a triple-
self-interpenetrated metal-organic framework with high CO, uptake. /norg. Chem., 2015, 54(1), 10-12.

Gesslbauer, S.; Hutchinson, G.; White, A. J. P.; Burés, J.; Romain, C. Chirality-induced catalyst aggregation: Insights
into catalyst speciation and activity using chiral aluminum catalysts in cyclic ester ring-opening polymerization. ACS
Catal., 2021, 11(7), 4084-4093.

Gesslbauer, S.; Savela, R.; Chen, Y.; White, A. J. P.; Romain, C. Exploiting noncovalent interactions for room-temperature
heteroselective rac-lactide polymerization using aluminum catalysts. ACS Catal., 2019, 9(9), 7912-7920.

Zhou, Y. C.; Gao, Z.; Hu, C. Y.; Meng, S. M.; Duan, R. L.; Sun, Z. Q.; Pang, X. Facile synthesis of gradient polycarbonate-
polyester terpolymers from monomer mixtures mediated by an asymmetric chromium complex. Macromolecules, 2022,
55(22), 9951-9959.

Hu, Q.; Jie, S. Y.; Braunstein, P.; Li, B. G. Ring-opening copolymerization of e-Caprolactone and J-valerolactone catalyzed
by a 2,6-bis(amino)phenol zinc complex. Chin. J. Polym. Sci., 2020, 38(3), 240-247.

Wu, T.; Wei, Z. Y.; Ren, Y. Y.; Yu, Y.; Leng, X. F,; Li, Y. Highly branched linear-comb random copolyesters of ¢-caprolactone
and oJ-valerolactone: isodimorphism, mechanical properties and enzymatic degradation behavior. Polym. Degrad. Stab.,
2018, 155, 173-182.

Hunley, M. T.; Sari, N.; Beers, K. L. Microstructure analysis and model discrimination of enzyme-catalyzed copolyesters.
ACS Macro Lett., 2013, 2(5), 375-379.

Hong, M.; Tang, X. Y.; Newell, B. S.; Chen, E. Y. X. “Nonstrained” y-butyrolactone-based copolyesters: copolymerization
characteristics and composition-dependent (thermal, eutectic, cocrystallization, and degradation) properties. Macromolecules,
2017, 50(21), 8469-8479.



13 EMWIRE: ASKIFREEC G VAL 5 R BRI TT 67

33 Ceccorulli, G.; Scandola, M.; Kumar, A.; Kalra, B.; Gross, R. A. Cocrystallization of random copolymers of
w-pentadecalactone and e-caprolactone synthesized by lipase catalysis. Biomacromolecules, 2005, 6(2), 902-907.

Research Article

Study on the Preparation of Polyester Catalyzed by the
Asymmetric Al Complexes

Shuai-ming Meng!-2, Meng-chang Feng!2, Yan-chuan Zhou!, Xuan Pang!-**, Xue-si Chen!-%*
('Key Laboratory of Polymer Ecomaterials, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022)
(*School of Applied Chemistry and Engineering, University of Science and Technology of China, Hefei 230026)

Abstract One major remaining challenge in development degradable polymer materials is designing efficient
catalytic systems for the controllable synthesis of high molecular weight polyesters. In this study, we reported the
novel asymmetric Al complexes with a Salen bond and a Catam bond in the ligand framework. The specific
ligand structure played an important role in the activation of the central metal atom to the cyclic ester monomers
(e.g. e-caprolactone (¢-CL), and d-valerolactone (6-VL)). The Al complexes exhibited excellent activity for the
cyclic ester polymerizations, generating high molecular weight polyesters. Initially, the effects of aluminum
complex structures and polymerization conditions (reaction temperatures, monomer ratios, and monomer
structures) on catalytic polymerization were investigated systematically. After optimizing the reaction conditions,
the asymmetric Al complex with a benzyl alkoxy as axial group, could controllably polymerize e-CL, 6-VL, and
their mixed monomers, to polyesters with high number-average molecular weight (175.7-443.8 kg-mol ') within
10 min. Furthermore, the relationship between chain structures (number-average sequence lengths of PCL and
PVL) and reaction conditions (reaction temperatures and monomer ratios) was analyzed. And the thermal properties
of random polyesters were characterized in detail.
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