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Catalytic System for Poly(lactic acid) Synthesis:
Opportunities and Challenges
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Abstract With the national plastic reduction order issued, the development of biodegradable materials such as poly(lactic
acid) (PLA) has gradually become a hot topic. The different methods for synthesizing polylactic acid are discussed. Since the
ring-opening polymerization of lactide has become the major method for preparing PLA, we focused on the catalyst design for
the process, and clarified the related mechanisms. This short review may point out the direction for the design and develop-

ment of low-toxicity and high-selectivity catalyst systems for application.
Keywords plastic reduction order; polylactic acid; biodegradable; catalysts; polymerization
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AAFE MR REAR. BRARAE LR EALR
(PLLA). 4N i3 FLBR(PDLLA). 4 it K FLER(PDLA)
SRR, AN [E R 2 1 SR LR B A AN R B S RO
PERECL Rk, A IR AN AR 3R A 1) TAF £ B4
T2 ) FH S0 AN W 3 K (1) SR S W RE I SRR RE M B 3R
FLER G LB NF R — P LR 1 KRGS

* Corresponding authors. E-mail: yulei@yzu.edu.cn; 008011@yzu.edu.cn

A FLER 4 (Scheme 1, path A), A5 EA B R A
a1 EAR, IRETRIRPIBE; J—MriERH
FR AR TS A2 BE 25 5 5 (ROP) (Scheme 1, path B), JGH
FLRRARERY) 2 AR (A4 3, 5 A BRI A 3R
EAEBEARR. X P70 LSRG = T 2 1 R IR,
R AX TR 79250 TR AZ Ba R ot ot R AR 5y, 2 PR S LR
AR ANEERE, ACENEER SN LRI
RAIX RPN R FLIR 1A BOAR AT 1) 18

1 BEREE

HIERGRAFERARBALTTN T, HABGER
FIFLIR B FLIR KSR L R B ek 2 1A K AL s ik
SN AE SR FLIRBE A WG, 8 I AN A AOR A R K

Received June 28, 2022; revised July 26, 2022; published online September 8, 2022.
Project supported by the Jiangsu Provincial Six Talent Peaks Project (No. XCL-090) and the Priority Academic Program Development of Jiangsu Higher

Education Institutions.

LI “NK7 ANA R R R R AL (No. XCL-090) 51T A LA A % Bh i H .

112 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Chin. J. Org. Chem. 2023, 43,112~119



Chinese Journal of Organic Chemistry

REVIEW

O
1

CNge}
OH _H0 o
HO — —
o m (O e}
2 3

path A path B

tyl

B 1 RARMERITE

Scheme 1  Synthetic method of poly(lactic acid)
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WAL R AR P A LR 48 K= Kk oy 5
WL LR K B, 7V s A8 T ] ARG
MEE N T, HR T A RERA AR, BRI
AT CLEAT TSR, F R 2 185 K Tk AR 72 1) X
f:. Yamaguchi S5MI7E DL 2R EEAE 3L 0V I 18 L T XF
JRFIR. &R &mAENT. &)E xR e E ra il
PR SR SE AL TRIBEAT T AT, B R AR 3R A
FIE &Y 5T RN, KIS EYn] ATEA R BAK
PR E (130 °C) T 3k 15 =i 7> & A H(Myw=230000),
TEEL A AN I & IR S PME AR RS LT, BRI
R EF & 160 C, 4 T & WA X BAR My =
10000~ 150000). FH T 3k 58 6 B 75 2 1) IO, 2% A
FEER, MELLH T DA A=, Bt DO it 5 V5 R GE AN 2
R%.
12 BREE

AR EIEMARE, BA TR, BT AR
PE R, AR O H AR B ZKHE DL SE 4 5Bk, IX S ELT
TR RAR S T EAMAXN LB, Kimura Z5I%6HA
il SR A AL F)(GeO,, Sby0s, ZnO, Fe 03, ALO;, SiOs,
TiO», SnO, SnCL)HEAT T ik, KM Sn(I)Z 5k R 1]
DS B A 0852 e 1R 43 B SR LR [Myw = 22000, A
SR EU(PDI) = 1.4], {H 23X Se i fh 7 24 7=t B0
FEE AR, FEZ S SR ORI, E I AR N TR 1)
77 20T DA e B X Fh AR 2, I B I X F R R R
(TSAVE A B AL TR B 1 1 B A, Jd et e B2 2% A4 1)
flifk, 7€ 180 C/ i 15 h, /¥ = 0] IR (My=
43000, PDI=1.6). Sn-TSA —JofEALFIAN AT PLE Z 1R
R AL &, M HAMEIEREEE L SnCl, 25 1)k
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RIKARZ (5% vs. 75%). {HIZHT TSA X IB A %)
WEAMEL, HroRAH 60%, Lei HO2 1 E K, K
e- TN T RZAVE R BRI, HEUAR T ANES B ROR (M =
50000, PDI=1.69).

IR A B A R RS T Sn(Il), EARETEA
BB AL R, HR Sn(I)FT B A (A8 KRR
il 7 s AR PR SR AL I FH . 2016 4, Dias Z6U1%
T —FhE P R 13 HiPW 12040 (HsPW) [ 4L I 7E
180 CI/I 15 h LIRS, M AE T =AM EH
B, BISCR N 95%. HARE B R AR » TEA
H1(Myw=19222, PDI=1.90), {H &% 71 HFEE K
M AT, #0587 RFLER 1 B A Ve

BB WS A R — E AR R AR S

FH B 722 M IE Amberlyst-15 (A-15)4L )5 & 1AL
KEMEIAR. EAIMEEWAE 150 C/RB 20 h AT LL
P E P2 A i 70 78 PLLA (M, =110000), 45 54 53%,
P f3 F= i 45 s AL S 4l B 38 AR 45 48 Sn(IT)FI TSA
SEEAG, JFHAEETRIE T AR ZLER & 00 A
AR FiETE N Zn® >Fe? >Mg? >Sn?" >Ca?",
FEXT AL AR 2R FIHLEREAT T W Fi(Scheme 2). BHES T
LA A-15 FIFLER R 73 A N TR ANk 5 ik 2
gk, AREH NSRS 7B 2a R rR A AR
TIRRR R 5, SRR T IRSERZPERE. SR, FH
BT AR A-15 (6) FIR-5 R LR 7 — Im R A
R IBE, DA 2 ik S5 - 9 T By T F P ik I 2
(7), LGB 32 5 S 1 1 Vit 1 A 9 158 1 Bk A 400 8 25 1 i
EE IR BK, TR R A B PLLA (4a).
T B AR S, B M IR 2 i i, JFH
FLIR ER IO, BRI AR R R AR R 1.

Zhang SEOF AR VIHEALFILET 8 75 K4 il 4 56 A [
AH4E 5 251 T (Scheme 3) & B T @i [ 4a (M=
120000, 7= 95.0%, PDI=2.3)Al 4b (M, =100000, 7~
K 98.2%, PDI=2.0), Jf H HAE & [ 54 [F 37 A F R
% (42 96%, 4b 98.6%) 5 & 1 # Fa 5 Y (Tajmi =
3243 C, Tus%=2347.0 C, Tymax=4002 C), 1HZHLHEF
S LU G B, A% P LT o e A5 2 5 3R ZLIR 1) Tl i
AN
2 ABXEARESE

Tl BAE = oy E R R FLRR ) 75 v B
B TFIA R A, T RACHER ROP A& 46 5 v,
BT LA S FE PR S AR K, BRI R, TRALER
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Scheme 3 Catalytic synthesis of PLA by biological creatinine
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E1ELRIRE
Table 1 Type of catalyst

Entry Catalyst Conv./% My® PDI?
1 16 95 37900 1.10
2 19 100 14300 1.08
3 20 100 14400 1.07
4 21 66 95000 1.60
5 22 56 80600 1.70
6 23 60 86000 1.30
7 24 54 77700 1.30
8 25 92 26700 1.63
9 26 84 12200 1.23
10 27 94 27100 1.16
11 28 81 23300 1.09
12 29 95 27400 1.20
13 30 94 115200 1.40
14 31 91 105300 1.20
15 32 92 106400 1.18
16 33 99 29310 1.57
17 34 99 51910 1.52
18 Co0304 94 144300 1.17
19 MnO2 93 138100 1.19

20 35 95 62600 1.19
21 36 99 55300 1.10
22 37 98 85000 1.08
23 42 99 38700 1.40
24 43 99 7300 1.30
25 44 — 3300 1.25

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

@ M,=number-average molecular weight; » PDI=molecular weight distribu-
tion of polymer.

IR A A R A R P Jérome U TRI Y S A IR
ARG R FE R RIS AT R A, ERURAIREE T
(70 “C)nJ LA RH =  73F &(Ma=90000, PDI=1.48),
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Scheme 6 Polymerization mechanism of zinc alkoxide complex
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