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Abstract: Polylactic acid (PLA) and its copolymers represent a critical direction in the development of sustainable
polymeric materials. In recent years, a novel class of single-molecule multifunctional catalysts has emerged in the field of
PLA synthesis. These catalysts utilize supramolecular interactions such as hydrogen bonding and organic coordination to
activate lactide and stabilize the growing chain end, thereby exhibiting a synergistic enhancement in both catalytic activity
and selectivity. Compared to metal-based catalysts, they offer advantages such as low toxicity and low cost. When compared
to multicomponent organic catalysts, they demonstrate superior polymerization controllability and enhanced selectivity. This
review summarizes several representative single-molecule bifunctional catalysts, including hydrogen-bonding-based organic
bifunctional catalysts, trifunctional organic catalysts, and alkali metal ion-based catalysts that integrate hydrogen-bonding

effects and initiation functions within a single molecule, along with their characteristics in catalyzing the ring-opening
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polymerization of lactide and block copolymerization are discussed. This review proposes that future research should focus on
developing single-molecule multifunctional catalyst systems that balance high catalytic activity with stereoselectivity,
systematically elucidating the structure-activity relationships and unique mechanisms of this class of catalysts from the
perspective of supramolecular interactions.
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copolymerization
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Fig. 1 Monomer activation mechanism in ring-opening polymerization of LA ['!]
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Table 1 Representative single-molecule multifunctional organic catalysts for LA ring-opening polymerization and their performance

No. Catalyst structure c(LA):¢(Catalyst) :c(Initiator) ~ 7/°C TON  TOF/min'' M, D Ref
LX)
1 N/)\N 1000:1:10 25 950 4750 62.6x10° 111 [22]
H
S/><
2 NN 100:7:1 2 14 0.05 204x10° 109 [24]
H
3 100:1:1 25 86 0.46 14410° 112 23]
CF,
S 3
4 L 200:10:1 25 20 0.03 42.0x10 105  [26]
F,C N~ N
H H N
PR
CF, EO_
S
Jl\ /\/N\ 3
5 FiC NN P : 200:2:1 25 99 4.95 32.9x10 1.04  [28]
O
: I
—0
(o]
o
F,C ﬁ
6 VAN 30:1:1 50 19 0.02 4.6x10° 107 [29]
AN~
F,C
CF,
- JOL 500:1 25 405 4860 40.7x10° 115 [30]
F,C N~ N0k
H H
TON: Turnover mumber; TOF: Turnover frequency
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Fig.2 (a) Synergistic catalytic mechanism of Takemoto's bicomponent catalyst!®®l; (b) Dual activation mechanism based on hydrogen bonding

(o] (o]

of TBD?; (c) Synergistic catalytic mechanism of Takemoto's bifunctional catalyst!*®!
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Fig. 3 (a) Mechanism of action of single-molecule bifunctional catalyst containing thiourea and alkoxide®®”; (b)Mechanism of action of

thiourea-alkoxide bicomponent systems!*'!
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Fig. 4 (a) Structures of rac-LA stereoisomers and stereoregular PLA; (b) Mechanism in stereoselective polymerization of rac-LA
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Table 2 Single-molecule bifunctional organic catalysts for LA stereoselective polymerization and their performance

No. Catalyst structure P, TON TOF/h™! M, p2) Ref.
(o Je]
g (\) t-Bu
8 t-Bu [/\N ] s 0.81 40 0.4 5.8x10° 1.08 [33]
e H L L
N N t-Bu
(e]No]
t-Bu H H
CF;
S 3
9 )J\ 0.88 17 0.5 9.3x10 1.07 [34]
F4C N7 N7
H H ﬁ
PN
CF; \i/
S N 3
10 L s Ny 0.96 712 89 23x10 1.08 [35]
FaC N~ N7 N—P-N
I AR
NO NN
S
1 )J\N/\/\B<g 0.90 86 143 6.2x10° 1.06 [36]
N H H
AN

P A [R] F-P #) Takemoto 4 AL R #E17 8h 1 240 5%, 45 5 2R B (S,S)-Takemoto 4L 7 {5t I & D-LA, 1 (R.R)-
Takemoto fE LI W iE 24T ] T A L-LA. 76 T A A ST AR BE PLA 1) P 4 0.88, TEIZIRZR thin A sk
EEAL ] (10) )5, B HE R W E R T, 4 B SR # B PLA (1 Py 158 0968351, 104N, b fi 14878 T R -SHLHEI,
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AN LA SR AR o FEAEAL LA 35500 S N b b, i IR ORI B 35k 141 3l 3 SR 40 St 5 | %
FIF LA #E471% Ak, 050 51 A TR LA, SEBL T X rac-LA STARES B, /15 T P 4 0.90 (14 37 4 H1L 8 Jir
BRI 45 S M PLA, HR 9 B (op) K (52.8 + 1.5) MPa, 3 (e5) M (40 £ 5) %, Ak, 165 I PR 2
PR L, AR e S A I PTG i e 1 % AR FHAT B, (ELZE SR A5 S5 v, AN B e L 0 1) A DR - U £k 700 1) TOF R
A 30 AR B = A S AL E A R 2544 F TOF 7T ik 14.3 h!, 80 °C 'F TOF & 1116 h!, #5E () PLA %}y
P KAk 62.4x103(D = 1.08, Py=0.80), R ILIe S0 A AEAE T, LT 10 A8 =57 5 PR IRIAE AT LA e Jost 44
PSR T B T AR . FESE IR R SR S HLHIITFE |, CEC H1 ESC AILHITE LA BYTTFERERG OB Hh [N A7 7

2 AXEERIFFIRLLR

& & PLA MHOCHYIE IR G ik, X Tk R A WHERe . R H N 1Y 58 & AR v sl bl () 7B FHE7 381, HLAK
T 55, B 22 P e B 1 ik B L R el A R 19 5 X5 1A PLA 4% ] S BLXT PLA AYR i, LAMI4R = PLA B9
PRI o 001,

2023 4, SR 2L IRELL PO A A HLHEAL ) 11 BR T 7AiMk LA STARZE SRR A vh R B0 A 5 I B8R A1,
W] LA rac-LA . B KE(PO) Fll COS TR A HufR«— LR i i, 38 i DI AK R AT /JE COS 1 7 45
B PLA Btz b w61 = . L5 N XS B8 1 o L 3G SR W0 I 9K 1 1) B B ik B R SR A, AL = A A f
PEFVAE IR A A b A O - B RS B TR AR R 0 (181 5), BDBRIRYG 16 LA 801%e 3% 1k PO, HLW & B AT,
[, COS B Wi i PE 4w, 4 COS 5 LA dEA7mt, ) Ji2% |- COS 23565 PO KA A . Bk, M A&
COS MBI A LB, ARSI 845 05 M 007 A 76 T ot 3 5 R Rk 2 (R D48, a0 T G of 1) 2 AS ) PLA 5% Bt 5 i
R0k TR T 4 B K B B it B 3L R W) (G 5 42 [6) ~7. 0 PLA BB . X a0 8% 4 32 5 HE S SR AC ik FR TR A Y ) , HiAR
FE AT A 45T B—O S5BCAL B Ik S5 W6 A 1 P AE f Al el R b ARSI P o = 7 a5 Ak R0 1 Jb 5 3
WAE T 5 3R A5 o TR B L R Y (U4 2y ik 144.8x10%), B T (2 1) %, X—Z5 /KW, 2
TP V5 T P % 04 V) 0 v A R S R A . B AR S B0 T AR A R RN . P T L, S A A
¥ COS M5 A, I SCBLAHE B i 5 K B DO RG HERs ), 5T S RAR A TR 4544 5 MERE I ik BE AL R Y (| 6) .

DA _b 3 a5 LA SRR PR TR X b 2 P B 25 M0 PLA AR, JEARLAY, SRkt mT DAAE b —Fh 2 e B
i3 iR B e T AL R A 7 B A PLA b A L8825 151 AR R A AL AR 3R A R it ik — 3t
FC R AHL AV E 551 & FECH o 1808 AR, A 2R IS LT 0 AE R Lewis R 2%
R 2 1 Bl SR iy, T A A R TE I R A A A SR Tk 0L, DRI, YA LA . B IDR A HLARER H 4 13 A R A
Tk A LA S E LR G .
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Fig. 5 Trifunctional catalysts for the synthesis of PLA copolymers/% 411
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Fig. 6 Copolymerization of LA with different monomers catalyzed by catalysts 11 and 128 #!]
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