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At ) SE OO T = (M R ) e Ak TR A R T
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X R BLAEAFAR AL B i 2Pk, AN R RS
AEERHPT T, FAEAREYH L-LA T &S
- FHEPLLA, UEM T T A& rE .

SR, Bk HIE A T A B T R A
G R 14 4 i e 14 77 0 75 2 K 40 &2 % 1) A BV G A
25, WARKE S 7R A, A
BEAR 1 8 Ak 75 0 S B b 82 FH A7 05190, i LA,
FHHFM LR, TR, HAREE
AL o B PSRl I AR, FRATTHRIE
T I — R A A —— XL (O = R T ) i
(Zn(HMDS),) 20221 i A6 77 AN U0 & Fl 9 il B
B KM ERER S, USRS EA SR
HE. TR, B4 TEo MmN EEME
i LA AT L SR B At SR i 2B oA I B N o 1
BARRN R, RoR T HIERIEARETTER)
TR EAE RN, MR I R e 2
Al PN BR B IS I ST A . Rk, AR T
PEVEANRIT T LA R T 2 4 22 B L-LA
M D-LAMIFHERA LR, WA T REWEME. 7T
P HE R 2 R #GEDSOWH T TR
1FRE VIR SRR FI R B .

1 SLIEES

1.1 FEERSIKH

I 2% 4 TR A2 B L-LA F1 D-LA (>99.9%, TCI)
BH A 2R B 45 4 2~3 Ik, fEf AT s TR 1R
2 H i BnOH (>99.9%, Alfa Aesar), {EZ4b45
HEAT IR ZE T DA A A . R RE S| A7) R R
B R T 1 mol/L IE/K DCM VAT, FH4A 771
i T8 5 PR A7 . 2K B R (>99.9%, Sigma-Aldrich,
7E CDCls H R B 2 1 mol/L) 1 J9 58 & VK 7).
BT SEI8 i RN AR Rt R Ja, BB &
W, ISR 4A S IR RETEEE T EM Y,
i A LA B g% DU S kiR (THF) A
Tk 1512 g (GPC)MRR /4T .
1.2 Zn(HMDS), {J & BT 52

B & R AR S R SR I IR iR AT
F & ACEE(55 mmol, 7.4 g)F1NaHMDS (110 mmol,
20 g)ff 80 mL LMk [ml it il % Zn(HMDS),. X &

IRAYTE S0 °C R HEHERIA 3 hy 2 Ik IF 44
EER. ATSBREBENCE, IEHAENEE
725 7818 (120 °C, 7.5 Pa)4lifh, 757 Zn(HMDS),
(155 g, 75%) JG 4 ¥ #& . '"H-NMR(400 MHz,
CDCl,, 298 K, 8): 0.10 (s); 3C-NMR (100 MHz,
CDCls, 298 K, 9): 5.1.

1.3 BEadiE

B A BRI R 4 A SR B B BT
7. RESBEHFER N, K47 Zn(HMDS),
(10 umol, 3.86 mg, 1.0 mmol). 5| % 7| BnOH (20
pmol, 20 pL, 2.0 mmol)FI DCM (1.0 mL)#K /A
5 mL FHRAMEAG s, $E4E S min /5 I LA
(1 mmol, 144 mg, 100 mmol). 7E %5 & Ff [H] i\ 4%
FH RV TR K TR A SN . BRLAAR B A, 5 3 b A% Bl
FLHR G (CH-NMR) M, i i b v /i &
IVEERUNTIEEE SERSEEE Sady/E R AR Ay, sy =
SN RS B AR, REYIEEE WA H
BE(MeOH) P i MUiiE, SR H2 T 124 h
1.4 WX 5 R4

R BIE B (GPC): ffFH Agilent 1260 LC
AR (ZER AT, WEREVE) 5T 8 (M)A
T ESAD), Vel VYA (THF), i
91 mL/min, ¥2J% 440 °C, FEMHWKE ) 1 mg/mL.
K B BRI A B ST AR E R 2R

¥ W JE R 3 1 (NMR): - T = IR 'H-NMR
FI13C-NMR #£ Bruker AV-400 MHz #1 Bruker AV-
100 MHz(4% [ Bruker 2 7)) EWH, G075 4
SRS (CDCLy).

7 2 A ARG (DSC): SR P 4 [ iR oth )
DSC 3500 Sirius X &5 ZEAT M & . ERIAE T,
W 5E 586 1 1) 3B 38 AN 6 AR IR B2 (T) s Fd i 2
(Tw)~ V&5 SR (T). B:AFE RN 5~10 mg.
— AR P AN . H 58, BL10 °C/min [N
PTHARHEFE M0 CCIMARER 250 °C, FHTEIRE
NEREF 10 min VRRFE M L, RE, B
10 °C/min [ R AL LA HE0°C, FHFFE0CT
R¥F 10 mins )5, L 10 °C/min 38 B4 R
HFIN# AR 250 °C.

2 FHRGR

2.1 Zn(HMDS), B A ZEEFIAE S KN
K H Zn(HMDS), 1L 7], fE=H\%&MFET,
DL & B (DCM) i 77 F T 016 22 45 T A2 T (L -
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LA/D-LA)NFF R R G B, 26 8dE R 1 pr KIHR AT R ZE . MRS 3

AN(AHOC GPC 15 8 L S #5455 BB S3~S15). A %
I8 (BnOH) M 51 & 7715 Zn(HMDS), & /& [ 7 i
i SN A AR R B B AL B . 24 17) Zn(HMDS), 1
TN 1.0 mmol f25 HEERS, 3B & RAK, WS
REMIr (7.9 kDa) 5 #iR7r 75(7.2 kDa) %
PR, D FESMREEE]L entry 1, D=1.22),

2.0 mmol ¥}, 7 FHEI/MMALHE(EL, entry2, b=
1.16), MR EY 7> T84 3.6kDa, 5>
THE3.7kDa BNV, BB RSP,
>0.99, ULHREGEBREONATE, TIHRE] X
MR A Flentry 1 AHEL, RAHERES 1,
99% H) AR AL ZAL FE L 5 min.

Table 1 Results for ROP of LA by Zn (HMDS), ?.

Entry  Monomer  [M]y/[Zn]y/[I], Time (min) Conv.® (%) M, cueq® (kDa) M, pc ¢ (kDa) D4 Py©
1 L-LA 50/1/1 10 99 7.2 7.9 1.22 -
2 L-LA 50/1/2 5 99 3.7 3.6 1.16 >0.99
3 L-LA 100/1/2 10 98 7.2 6.7 1.12 >0.99
4 L-LA 200/1/2 20 98 14.2 13.8 1.13 >0.99
5 L-LA 300/1/2 40 97 21.5 18.3 1.11 >0.99
6 L-LA (200+200)/1/2 25/40 99/99 14.4/28.7 13.1/29.5 1.13/1.33  >0.99
7 D-LA 50/1/2 5 99 3.7 3.8 1.16 >0.99
8 D-LA 100/1/2 10 99 7.2 8.3 1.11 >0.99
9 D-LA 200/1/2 25 99 14.4 14.9 1.10 >0.99
10 D-LA 300/1/2 40 98 21.5 21.4 1.08 >0.99
11 D-LA+L-LA  (200+200)/1/2 25/40 99/99 14.4/28.7 14.8/32.7 1.12/1.32  >0.99

aConditions: [LA] =

1.0 mol/L, in DCM at room temperature; ®Monomer conversions were determined by 'H-NMR

spectroscopy; * My cacia = ([LAJ/[OH],) x 144.14 x Conv. (%) + M, paon (108.14); ¢ Apparent number-average molar mass

(M, gpc) and dispersity (D) values were determined by GPC in THF using polystyrene standards for calibration, and corrected

using the factor 0.58 for polylactide; ¢ Determined by homonuclear decoupled "H-NMR spectroscopy.

NT = PRARERNE, KRk L-LA
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ARG RS B, N AL 2Rk 2
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ML R Py, (0.99), X EIRE R A N RN H G
PERA IR .
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LD Fr7, 3047 T A% 248 'H-NMR 347 . 45 21
R P,>0.99, TEAZRE -] UL 31 0F I 1R B K vty
e ANIRHEE G| R, 2l — N R
FR4hM, E R BIER BT R AR A . itk
Ab, Wit T RIREBLPLA G, I LARFT2 R
ESLME AR . %A 200 mmol ) D-LA,
BE 52 MG FINN 200 mmol L-LA, S EEY
14+ S B AA LR (entry 11), 325
FURE P % B 3L R W) PDLA-b-PLLA B &1 5 1
HH% 32.7 kDa.
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Fig. 1 (a) Kinetic curve of ring-opening polymerization of L-LA; (b) Plot of monomer conversion versus M, and D at DP=
150; (c) Plot of DP versus M, and D; (d) GPC traces for the chain extension of PLLA (entry 6); (¢) Homonuclear-decoupled
"H-NMR spectrum of polylactide at room temperature; (f) 'H-NMR analysis of the microstructure of PLA.
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P45 IR BE (T) 22 T A7 A — 7€ 1) 28 &R (3R 2, entries
2~5; & 2(a)). T, B8 5 & % DP B3 R K B AR
th, BIRHAFEIRFHELI S5 °C; MERAGERN

entries 6~8), FLLER|, FEHEREERK, AL
fm i T, A 88.4 °CHERI 22 95.2 °C, A THI AR
(AH)M17.1 J/g 89 45.6 J/g, 158 PDLA 45 &
PR DP 38 KK, 45 itk Reilir . B2(c)
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446 =

G2 R 2025 4F

Table 2 DSC results of polylactide.

M, e I, I.* (°C) AH.* (J/g) T " (°C) AH,* /g)

Entry Polymer [M]y/[Zn]y/[1]o (k‘Da) a 0) It ond Ist ond Ist ond 1t ond
cool heat cool heat heat heat heat heat
1 PLLA 50/1/1 7.9 122 494 1140 nd. 432 nd. 1608 1579 -58.0 -50.1
2 PLLA 50/1/2 3.6 1.16 43.1 1014 925 19.6 9.8 1519 1469 -455 -359
3 PLLA 100/1/2 6.7 1.12 548 892 883 26.1 113 1655 1604 -70.1 -50.6
4 PLLA 300/1/2 18.3 .11 53.6 99.1 930 427 37 1763 1714 -685 -56.3
5 PLLA  (200+200)/1/2  29.5 133 549 960 952 260 133 1792 1734 -62.1 -55.0
6 PDLA 50/1/2 3.8 1.16 43.0 884 8.2 171 166 1587 1503 -59.0 -43.1
7 PDLA 100/1/2 8.3 1.11 467 902 1132 323 32 1587 1575 -61.3 -53.8
8 PDLA 200/1/2 14.9 1.10 49.6 952 nd. 456 nd. 161.1 164.6 -579 -56.6

PDLA-b-

PLLA (200+200)/1/2  32.7 132 456 nd nd nd nd 2191 nd nd nd

® Apparent number-average molar mass (M, gpc) and dispersity (D) values were determined by GPC in THF using polystyrene
standards for calibration, and corrected using the factor 0.58 for polylactide; ® Determined by differential scanning calorimetry
(DSC) analysis.
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Fig. 2 (a) The relationship curves between DP, T, and T,; (b) DSC curves of PDLA in the first cooling process; (c) DSC
curves of PDLA in the second heating process; (d) DSC curve of PDLA-H-PLLA in the first heating process.
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H T, 70 54.9 °CFE % 45.6 °C, Ty, FH 179.2 °CH
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SEVR R, $#H% 7 PLA {8 AE .

3 i
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34

M EHFSE: Zn(HMDS), fEALTT A 22 B IO T SR S 7T 447

Resr i . SCOR g ISR B, bR 1 77 X6 T 22 iR
REmEE, A3 20%E 0 7 &1 PLLA (M=
29.5 kDa), 1fi HIWHEE P,>0.99. JB it 7 BOin L-LA
BRI E IR UE T WP AT A BRI O A5 Y
PLA H DSCE#R L 7 el #bERe . 4 R R,

REWIE BRIFSE sk . [, #6797
55 32.7 kDa P ik Br AL 28 ) PDLA-b-PLLA,
BT FREE S MPLLA, 3T, 54.9 °Cl%
£45.6°C, T,H179.2°CFE4%219.2°C, K
AL S A T . A 7K H Zn(HMDS), X Fif

X4 E DP M 25 38 45 200 I, VA 45 IR BE T

88.4°C#952°C, T, M 151.9 °CHE%]179.2 °C,

&35 Ky ] B ELARG T M A 70 T 15 38 v A R SR L
P2, AR LRSI B SR 1 R i 7.
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Ring-Opening Polymerization of Lactide with Zn(HMDS), Catalyst
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(*Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences,
Beijing 100049)

Abstract As a new catalyst with simple structure, no ligands and low toxicity, bis(trimethylsilyl) amine zinc
[Zn(HMDS),] has been used for ring-opening polymerization of lactide, which is of great scientific significance
to expand its application in the biological field. In this work, the ring-opening polymerization of lactide L-LA and
D-LA catalyzed by Zn(HMDS), was investigated, and the polymerization activity, controllability, crystallization,
and the thermal properties of the polymer were discussed. The results showed that the Zn(HMDS),/BnOH catalytic
system could achieve highly efficient and controllable ROP of lactide monomer, and the obtained polymers
maintain high stereo-regularity with P,, greater than 0.99. The thermal properties of the polymer were analyzed
by differential scanning calorimetry (DSC). It was found that the cold crystallization temperature (7;), glass
transition temperature (7,,) and melting temperature (7;,) changed regularly with the increase of polymerization degree.
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