[ N R

ACTA POLYMERICA SINICA

AME A S M ENLARETARE MR

AHEE 2 R FA- RZFA

MRERAAT2BE M5 264005)

i B ORESHE . SRR B AR B R IZ 0 8 2 AR — U R FLRR (PLA) M A A
AT FE AT AU 0 I ARG A B T AU B A 4, & W) IR E AL e M LB K5,
AT FEALL Tl 2500 T DA% 5 B 16 1 (TOF = 7.50x103~3.45x10* h- )AL N s 3R 88 4, ELTEARAR ik
T BE ST AR 3 RAFIEYE . R TS W) O BE I 18 3% (15 (GPC) il 2k &2 FLEE 78 43411 (1.25~1.49), 43 F
14 6.2~34.3 kg/mol. 38 1t XK 431 SR A7 W i AT B A B O A W/ i 8 RAT IR ] BT 1% (MALDI-TOF-
MS)EAEHT, IESE AR RA T IR B ZLER (c-PLAY A &, FH42 L AT BER R ERHLER . oAk, %00 AR
SR A A AT, AT SR e- ISR (e-CL) i 6- I N TS (8- VL) 25 2 Fl N TR SR I TF IR B 4

X BEIECEY), WK, PRREIER, SUZHSY)

SIA: X%, XUFE, Kb —, ZETL . UERRC S WAL N CERIT HR RGHETE . & 4 F 4R, doi: 10.11777/
j.1ssn1000-3304.2023.23289
Citation: Liu, J. Y.; Liu, S.; Suo, H. Y.; Qin, Y. S. Study on ring-opening polymerization of lactide catalyzed by

guanidine zinc complexes. Acta Polymerica Sinica, doi: 10.11777/j.issn1000-3304.2023.23289

RILFR(PLA)E —Fh 8 ) & ALV B v o
TR, REAR S AR B R . AR
Jo RGF ) 7 5 R, BTz R T Bk (o
TSR 2 55). 4i4U67), 3DFTEIB, AEPPk
JrOI0ZE A, . H AT Tl b 3 S A S R 5 (Sn
(Oct) TEHEAA], A ZERLIETF R RS
(ROP)ffill 8 PLAIM, SRV #4 @ 5k — H 2 1%
% 25 WA AR R 1) L0 [ 02130, SR i A X — M A
L& B ANMEAAAEE . VAT 2R
Be & 55 RAVEA AR R ARG R IUFIER R, 7EME
ATEPE AN S A B S5 5 TH A BT T 1 2 R
PEREE U214, o, TG4 @ A AL AR 56 4
TG S 1) 5N 45 52 07, AAR IR R s 16,
JBERGIR0718 A HLERU 2O F IR/ IR 221554k 2 2
T IZ BT A AT A 7038 5 0 S A P R 1)

2023-12-20 Wi, 2024-01-26 5¢ A,
weBhmiE .
KRN, E-mail: ysqin@ytu.edu.cn

WA DR PRI RCR, H i 5 5] 5%
GHPESRIZ IR N BRAZ R AE RIS, QAT B 4~
W RS I BT R — PR R . A,
% ﬂ: %%;[23-25] N %[26,27] N %[28,29] 7‘!:[] ﬁﬁ j:[30,31]’_—f_r§ ﬂ:& ﬁ
& JE AL R & R LS A I AR R iR
W, FRBEATTZ N I SR AT A
Bz O bR — .

B R AT B A B AR AR S T A AT
Bz WAL 1999 4F, Coates 61321 IE | — FhEe
BEEALY, EE RN BT REE AN e 2
lig (rac-LA) A 2% [F LK R LR (P=0.94), If
H AT AR R (0 °C)3R1F 0 T BB A M R AR
2020 4F, Pawlis ZE2342 HH — Fb B A% 8 (10 % Bk
B AYOR B K 1(a)), HAefE ik 55 K7t
(IMY/[1])9 1000: 1 I TEOL T, FERCRE I 8] A 34 2]

ML EIR A ARME 34 (3545 52073244, 52103011, 52203128)

ASCHHA SRR, 5 IESC— IR TIETEA T 5k http:/www.gfzxb.org

doi: 10.11777/j.issn1000-3304.2023.23289

1



BT ¥ M
R2
F N/
jo! Lo Qoo
N7 =N / \
ol Nk N-Zn-X  X—Zn-N

X =N(SiMey),, O'Pr

T,
F R2

(@)
[rac-LAJ:[1] = 1000:1

Dipp, Dibzhp, Bn
= Bn, MeBn, Bzh, Dipp

(b)

[LAJ:[Zn]:[PrOH] = 1000:1:10

X = N(SiMe3),, OPr, n=1, 2
(©

[rac-LAJ:[Zn] = 1000:1

150 °C CH,Cl,, 25 °C THF, 25 °C
73 min, Conv.=46% 4 min, Conv.=93% 53 min, Conv.=60%
8 GPC=6 80x10% M, Gpc=1.33%10* M, gpc=2.03x10*

\/ \ /

Q’\( () w/*(j

G

(d
[rac-LA]:[Zn] = 200:1
CH,Cl,, 25 °C
24 h, Conv.=95%

M, Gpc=1.95x10*

RR

N N

N/
WA
U

\/
n

R =Me, Et; n=1, 2

©

[L-LAJ:[Zn]
CH,Cl,, 25 °C

60 min, Conv.=99%
M, gpc=5.33%10*

2
y 2
>/E/<NH HN%E\(
=400:1 /K
This work

Scheme 1 Catalysts for the synthesis of poly(lactic acid). (a) Mononuclear zinc Schiff base complex; (b) Aryl/alkyl beta-zinc

dichloramine catalyst; (c) Bis (imine) diphenylamine ligands coordinate binuclear zinc complexes; (d) Trigonuclear zinc complex

containing Schiff base and aminophenolic acid bridging ligands; (¢) Binuclear ketodiiminate zinc alkyl complex.
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Scheme 2 ROP of rac-LA with zinc complex and co-initiator.
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L-TN A2 B8 (L-LA) AN JiE TN 22 Big (rac-LA)
e-C N BE(e-CL) 5-R M BE(S-VL)  — 96 R PR F
(Zn(OTf),) NN-— SR Eek — k. O, %
BEAR AR AT 1,2,4,5-2K DY P £ 8L 25
Admas A#F]; HZE, MG =AM PUEE
R, RETEFRAML THRAR; ok, EHZ
LM RFE R AR S48 (ZnClL). 1,2-T
1 E ALY (BO). ¥R % I e (PO). PR 28 S A Jt
(ECH). A AP(CHO). M 74 2 45 7K Hr il
Tk (AGE)FH 5= 9 M3 B 4 7K H I ER(GMA), - 7% L
WHEFEAR(EE)ER AR . B PIERR A
e R AR TRV, DL KHERER R
A, BERBEWEEAR LR, W R R
# . BO. PO ECH fff F Al /6 hn &40 85 78 &
SARYT PR3 R, W IR AR w &
H.e-CL. 6-VL. CHO. AGE fl GMA 1§ FH A %%
INEWE IR SR R R, sz
PRE A . rac-LA 5 L-LAZ T /K K H
i LR, 40 CHM FRZ T4 0EETFE
(=23 °O)h & H .
1.2 BRERESYEK
1.2.1  FefRG Ak

¥ 1,2,4,5-2K DU e U £6 7% ££(0.28 g, 1.00 mmol)
52 mol%#) Zn(OTf), (7 mg)&: % T THF (10 mL)
WL IIN N, N-" 5 R SE R 32 [%(0.50 g, 4.00 mmol;
0.62 mL)J5, fEZ R PN 6 K . 45 R
JEILPE S BUTIEY), LB 3 IR, JRTE4S °C
FL N TR, 152048 Ak AR (R T 3R
ST, LA r= % 62.5%. '"H-NMR (400 MHz,
D,0, d): 7.27~747 (s, 2H, CHyom),  3.69~3.96 (br,
8H, CH), 1.10~1.30 (d,3J=6.12 Hz, 48H, CH;) (H}
T FE R S2): BC{'H}-NMR (101 MHz, D,0,
8): 15430 (CN), 134.98 (Cpom)> 119.40 (CH),
47.40 (CHyom)» 24.78 (24.15, CHy) (FE 732 515
B S3): ([CyHegN ] H) Y, MS(ESIY), m/z(%):
643.56 (M ¥ X ##15 5 Kl S4). FTIR: 1642 cm™!
(—C=N) (BF>CFHE B K S8(a)).
122 EAYAE K

#51.1 mmol (0.71 g)ITIEEAA ) 6 mL 2
BRI EIE 2 mmol (0.27 g) ZnCL )4 mL 2

W, 55 °Co& At T R BL30 min. 45 55 43 5l i
MG BRSPS 3 . N AR U LT S
Fris BB S5 PR . e isk 45 o 5 75 248 ok AR
BeAY, FRFRBEESE N il , BT
48 h, THRAHREETFEMPHH. BKEWr™
. 28.0%. 'H-NMR (400 MHz, D,0, d): 7.26~
7.47 (s, 2H, CH), 3.95 (br, 8H, CH), 1.29 (d, 3J=
6.12 Hz, 48H, CH;) (FE 1375 BB S6); *C{'H}-
NMR (101 MHz, D,O, d): 154.29 (CN), 135.00 (d,
Cuom)s 13325 (CH), 47.59 (CHyom)s 24.18 (CH3)
(T35 B ST); FTIR: 1627 cm™ (—C=N)
(T 3CRHE B EIS8(b)).

1.3 REEE

PL([rac-LA)/CHO/[cat.] = 5000:1000: 1 A5 (i
AT i T XU S B e & 5, B 1 f
IR EMEALTIAE T 2 5 BE R B AR 0. 18
20.0 mL i F@ERMNE (G TP ITRE AEFE
FE 7 AIIARUZ IS EL S 40(1 pmol, 9.2 mg).
CHO (1 mmol, 1 mL)#1 rac-LA (5 mmol, 7.2 g);
RGNV E T 1% G IR i R BT E
I IR) . RN 45 G K R BLR G R=
I, FFREUD EM YA T 'H-NMR £AE . b5
M2 mL i & S HRRIREEY, BHRE
LBEUUVE . WAR IS &Y, H SRR IREUR,
FHAE4S CFHT TR .

1.4 MR SRIAE
1.4.1 ZHEIEHRNMR)

Ji A TH-NMR F1 13C-NMR ]38 34 % F] JEOL-
400Y H I MEHARPEARAE, N E 7K (D,0)EL
AR T (CDCLy), U H BE Tk b2 (TMS) A AL 2 7
BAHESHY), 132755 T 7
('"H-NMR (8 =4.80 (D,0)), 6=7.26 (CDCl,)) ] 5% B4
JREAS 5 . FFH B4R (0=4.96~5.04) LA K AW (0=
5.10~5.22)R AL R TI AR USRI AR A 2R
1.4.2 B 57 4 Bl O i W/ H B8 R AT I TR) 5T
(MALDI-TOF-MS)

¥ F Bruker Microflex LRF-MALDI TOF Ji
BEACHAT AR, B SR N 2~5 mg/mL, FF 5L
fig F THF w, DL2,5- — ¥ 55 7% H iR (DHB) Jy %
R, TEm/lz 9 1000~1x 10435 FB A£G PR 2R kAT
i R4, 345 MALDI-TOF-MS it /4] .

143  HRIZIE % (GPC)
T BT 2 AT IR BB RVEE i
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Waters2414 115, 778 ZE R0 25 . 53 A B i A B2
92 mg R /1.5 mL THF, W80 AH 3 FH 3 4l Py
SR, YN 1 mL/min, RN 35°C, T
SEFRE - 2R F 78 43 A1 SR SR AR bR i
144 REHFMERIEDSC)

EA YD 55 (To) R PSR IR B (T, B
IRE R A(NETZSCH DSC 200F3)ill 15 . 1
OISR R A BT T AT, J6LL 10 °C/min 1 JE
Bi#E 200 °C, P73 min, FEJ5 LA 10 °C/minid &
% %-20°C, “F#73 min, FLL 10 °C/min i &
BOINAE] 200 °C. BT A BRI HHR K B IR
TG RE .

145 &5 HHRIE(HRMS)

HH2E [ Agilent A 7427 1 Q-TOF6550 i Y
W5, HEFERIE N 0.3 mL/min, #EFEE N1 L,
J5 1% 49 3 75 Bl N 50~1000 m/z, ESIF AR X% H
4000 V HLJE .

2 SRS

2.1 HE|EFIRE R BRI

IS LA 22 SOk A R4, A5 ZnCl, R
] A B S IS B T A . KB &
THRERRIAAE S, 1E[rac-LA)/[cat.] = 5000/1
WM T, RN 210 min, 045 R 8RBk
REAGER 1, entry 1). BTIHRFFCRIE, AR
e N FLE] R AT DAA R £ Hh ()44, AR b
P2 I T A W0 18 40 TR 32 6 T 38 3R & R B3
PEESAT] 2 S R A R SR I3 3 i 5 ) 2% 82
T AR AR R A I S I REMA (K 1).

S &8 TR A RIS AR 5 A B S ) A
WAEAAAEHE Z 7GR 1, entries 2~7; H T3¢

R & S9~S14). £E48 F CHO 13 51 & 71 i) 5
W, AR FR ST Efm, RN
90% A130.6 kg/mol. #Lt.2 F, PO. BO fl ECH
LTI AIETERRAS,  BAREAL R 5 I PR N 11%-
8% M121%, F=¥5r T2 WFDBEKEPO. BOK
MG 18, HHECHN B&MD FEN
6.2 kg/mol). 4 73 B, & BIX B A L 1 S R 2
PO. BOMIECHIX 3 i S84 sk, =i
W G e AR R, AR SERRAFAE T RS
RN EAWIIRFERRAR, X BIRAF] T [ L
BT I E S EUR AR AR TR B A AR
i A AGE A GMA I, (A E TEmg A 1 =,
{HAE =W 5 T 2R BAR(AGE 59%, 14.7 kg/mol;
GMA 63%, 9.3 kg/mol). It4b, R4 'H-NMR &5
ot TR A A A R R X — i AR
R, I CHO X F LA KR & RN EHF . B
ITE—2DERUT T CHO I EL A7 6} 5 A s Joi ) 5
Wi, N2, HF SRS S S11 M S15~S18 fir
N4 300 £ BE /R &= CHO B, M. 20 min,
rac-LA FEALFIEF] 50% (K 2, entry 1), 4Rz
HIZE 3000 £5 BE /R BB (K 2, entry 5), ALk
F196%, Bl se i, RGN CHO LA
B T4 m AU U AT IR R A R 7T . AR 2
L, REMN S FEEANINEREIKRES, X
CHO #% k&84 1000 fi5 BE /R I, 4> & e
AI1X30.6 kg/mol. ZKZHE N CHO #kH&, 7r 1 &
BERE&ESR, 3000 (5 ERERN, BREWSTE
K FEAE % 12.1 kg/mol (K2, entry 5), Jif [K 2
i & 1) CHO & R & A K 3 380 1 4% 4% I
JSL P L% AT 3 3000 T 5 (1 BRI R A= 1)
DSC 7 Mréh B &7, CHO BOBHEL I iy b, f#

Table 1 The results of rac-LA polymerization with different epoxides at 150 °C 2.

Entry Epoxide Time (min) rac-LA conv. ® (%) M, ¢ (kg/mol) D¢ TOF ¢ (h™")

1 - 210 0 ND ND 0

2 AGE 20 59 14.7 1.35 8.40x10°
3 GMA 20 63 9.3 1.29 9.45%103
4 CHO 20 90 30.6 1.42 1.35x10*
5 PO 20 11 ND ND 1.65x10*
6 BO 20 8 ND ND 1.20x10*
7 ECH 20 21 6.2 1.22 3.30x10%

@ Conditions: [rac-LA]/[Epoxide]/[cat.] = 5000/1000/1, 150 °C, entries 1-4 reacted in a reaction tube, entries 5 and 6 reacted
in a high-pressure reactor; ® According to 'H-NMR; ¢ Measured by GPC at 35 °C in THF, relative to the polystyrene standard

with Mark-Houwink corrections(“®); ¢ Turnover frequency (TOF) calculated as (mol of monomer consumed)/(mol of catalyst x

time of polymerization); ND= not determined.
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1R AT B I AL e AR IR B (T) RIS n
PRALr s, MERARE T XHFELER
S19). M GPC HiZ ] LLE H, K2 MRS
oy ¥R BRI S A (R T SCRHE K 820). 24
CHO LU BRI (300 5 BE /R &), #h & 2x I
JEUE, XA RESE T CHO ¥kl & ki, F 2
FEAE I-PLA T AR “ B0 JE B c-PLA T 338
TEXFHEHLR, o-PLA LB D, -PLA T
() L PSS 4 S R, AT 3 B0 W ) HH 3
22 RMEZFHINRE RN

BT BRI SR, A VKR L E i
P 5 51 B [rac-LA])/CHO/[cat.] = 5000/1000/1, 4
GREELIAE RS IA] L i RS R FO0 ER A R B
RN (R 3). 4 SR [A] 9 5 min B (3 3, entry 1),
BARR A AL, HE— P K S B A 32 10 min
(%3, entry2), FARFEATTIRTLE 60%, FHY
S5 RFNE WA FIAELE TS T 1 . B S [H)
Yk SEIE K (2 3, entries 3 and 4), HAFE L FRIZ
WiigE, MRS 2L FES MR

80015 kN B e L 3R DR A S R R ) iE K S B
WERKGEE BT, R RCRAMERE 4 78 T R
L 1.30x10* h™' [¥] TOF {8 7% W iZ A 10 77 e 75
I 5] P ST B B v e A, AR TE R ST . AN
GPC izl LR (B 7 X FE B B S21), &
R B E N, RED T =RAR, FESW
R, B TE2, entryl i AEKME . It
Ab, R FE RN B G ROB= A B . BRR R
B FE 2R 130 °CHT, A 77 0 1 A i 12k s A B
R(53%, 3, entry5); FHEiRE R T A=
FHR 180 °CH,  fhE b A4 522 L H By 1) 06 12
[ FE 254 R, 180 °C B 20 min, [N 52 ik % 1t
HIEF) 98%, FA W T E Al ik 34.3 kg/mol
(323, entry 6). [AfAFERIMNA, MiEE rac-LAT
FORLE 22 8000 fi5 BE /R (K 3, entry 7)HT 1x1044%
/R E (R 3, entry 8)AF, 20 min Py TOF 18 =ik
2.26x10°H12.70x10* h™!, P29 5+ &40 8 33.9
H133.4kg/mol. 734k, IR rac-LA LRI % 5% 104
35 BE R B 0T M A K R BB (7] 22 240 min B, H

Table 2 The results of rac-LA polymerization with different [LA]/[CHO] ratios at 150 °C 2.

Entry [LA]:[CHO]:[cat.] Time (min) LA conv. ® (%) M, ¢ (kg/mol) D¢ T,4(°C) TOF¢(h™)
1 5000:300:1 20 50 19.9 1.41 ND 7.50x10°
2 5000:500:1 20 80 28.6 1.43 43.4 1.20x104
3 5000:1000:1 20 90 30.6 1.42 46.3 1.35x10%
4 5000:2000:1 20 94 26.6 1.36 44.9 1.41x10%
5 5000:3000:1 20 96 12.1 2.22 ND 1.44x10*

2 Conditions: 20 min, 150 °C; ® According to '"H-NMR; ¢ Measured by GPC at 35 °C in THF, relative to the polystyrene standard
with Mark-Houwink corrections!*]; ¢ Measured by DSC; ¢ Turnover frequency (TOF) calculated as (mol of monomer consumed) /

(mol of catalyst x time of polymerization); ND = not determined.

Table 3 ROP of rac-LA initiated by the [CHO]/[cat.] catalytic system at different conditions *.

Entry  [LA]J:[CHO]J:[cat.] Temperature (°C)  Time (min) LAconv.® (%) M,° (kg/mol) be  TOF4(h™)

1 5000:1000:1 150 5 0 ND ND 0

2 5000:1000:1 150 10 60 19.7 1.42 1.80x104
3 5000:1000:1 150 15 82 31.1 1.39 1.78x10*
4 5000:1000:1 150 20 90 30.6 1.42 1.35x10*
5 5000:1000:1 130 20 53 21.6 142 7.95x10°
6 5000:1000:1 180 20 98 343 1.44 1.42x104
7 8000:1000:1 180 20 94 33.9 1.52  2.26x10%
8 10000:1000:1 180 20 90 334 1.53  2.70x10%
9 50000:1000:1 180 240 69 31.2 1.44  8.62x10°

2 Conditions: Unless otherwise stated, the reactions were carried out with [rac-LA]/[CHO]/[cat.] = 5000/1000/1; ® According
to 'H-NMR; ¢ Measured by GPC at 35 °C in THF, relative to the polystyrene standard with Mark-Houwink corrections!*®;
4 Turnover frequency (TOF) calculated as (mol of monomer consumed)/(mol of catalyst x time of polymerization); ND= not

determined.
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Fig. 1 Kinetic plots for ROP of rac-LA with [rac-LA)/CHO/
[cat.] = 5000/1000/1 at 150 and 180 °C.
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O @) & 5LV A WHHRI— N A (B 2(b),
W), R SR G S R BT R A i
BEXRAELE R b, IEHREYREAKE
c-PLA fiI”b& [-PLA.

BT EREER(E2), FATRE 7 AUZATE
BEIE S WAL T B o-PLA 5 I-PLA [ 2 S HLEE
W 3 PR . N AET CHO XS & &1k (5
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Fig. 2 Selected region of MALDI-TOF spectrum of c-PLA
generated from [rac-LA])/ [CHO]/ [cat.] = 5000/1000/1, 150 °C,
10 min, 60% conversion. (a) Region from 2000 to 3000 m/z;
(b) Enlargement of Fig. 2(a), region from 2300 to 2650 m/z;
with symbols O, @, and B indicate the species on the top.
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Fig. 3 Proposed reaction mechanism for the c-PLA (route I) and /-PLA (route II) formation in the presence of binuclear

guanidine-based zinc catalyst.
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Table 4 ROP of L-LA initiated by the complex/CHO catalytic system at 150 °C 2.
Entry [L-LA]:[CHO]:[cat.] Time (min) LA Conv.®(%) M/ °(kg/mol/-) T,9(°C) T,4CC) TOF¢(h)

1 5000:1000:1 10 84 22.6/1.31 ND ND 2.52x10%
2 5000:1000:1 20 96 30.1/1.39 58.3 166.6 1.44x10%
3 10000:2000:1 20 90 29.4/1.33 533 166.2 2.70x10*
4 50000:10000:1 60 69 22.0/1.25 ND ND 3.45x10%

2 Conditions: 150 °C; ® According to '"H-NMR; ¢ Measured by GPC at 35 °C in THF, relative to the polystyrene standard with
Mark-Houwink corrections*®); ¢ Measured by DSC; ¢ Turnover frequency (TOF) calculated as (mol of monomer consumed) /
(mol of catalyst x time of polymerization); ND = not determined.

VRE B RIS 171, BL2.70x10% h~! ¥ 7 TOF {E i 1k rac-LA &
3 & &, RS TR PLA. BLAN, TS )
=A

BAZIUHE S A B A IKEE W BeR 5 il 25 i
WAL T XUZ MR BE AL ALE rac-LATF IR s, XFFHAD A BSSRAR T A R S A RIFH
AN, HERIhH & T REN343 kg/mol  HENE, X AT R G OIMETFEA T2 N
FIFRIRR AR . ZHEAFEA mAGe B A R IR0 T 5 .
AT NE, BERSAERBLL Tl A= =i E 180 °Co%
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Research Article

Study on Ring-opening Polymerization of Lactide Catalyzed by
Guanidine Zinc Complexes

Jiao-yu Liu, Shuang Liu, Hong-yi Suo, Yu-sheng Qin"
(School of Chemistry and Chemical Engineering, Yantai University, Yantai 264005)

Abstract Poly(lactic acid) (PLA) is one of the most important biodegradable polymers, which has attracted much

attention due to its renewable raw materials and excellent biodegradation properties. The quest to develop

sustainable and high-performance catalytic technologies as alternatives to the tin catalysts, which are prevalent

currently, is a hot topic in this field. Cyclic PLA, contrasting with the extensively produced linear PLA, has

garnered significant attention due to its superior crystallinity, thermal stability, and low intrinsic viscosity, and it

has been reported that the mixture of cyclic poly(lactic acid) and linear poly(lactic acid) has better hydrolysis

resistance and thermal stability. This study reports the design and synthesis of a binuclear guanidine zinc complex,

exhibiting exceptional activity (TOF = 7.50x103-3.45x10* h™!) in catalyzing lactide ring-opening polymerization

* Corresponding author: Yu-sheng Qin, E-mail: ysqin@ytu.edu.cn
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for the efficient production of cyclic poly(lactic acid) under simulated industrial conditions. Gel permeation
chromatography (GPC) analysis revealed a narrow, unimodal distribution (1.25-1.49) of the obtained products,
with a molecular weight range of 6.2-34.3 kg/mol. Matrix-assisted Laser Desorption Ionization Time-of-flight Mass
Spectrometry (MALDI-TOF-MS) characterization of low molecular weight products confirmed the predominant
presence of cyclic PLA, allowing for the proposal of a plausible ring formation mechanism. Moreover, the
experiment demonstrated the binuclear guanidine zinc complex’s effective catalytic action on a diverse range of
lactone monomers, offering a novel avenue for the development of broad-spectrum catalytic systems within the
realm of metal catalysis.
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