Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2015

Supporting information

Different Mechanisms at Different Temperatures for the Ring-
Opening Polymerization of Lactide Catalyzed by Binuclear
Magnesium and Zinc Alkoxides
Yangyang Sun, Yaqin Cui, Jiao Xiong, Zhongran Dai, Ning Tang and Jincai Wu*

Key Laboratory of Nonferrous Metals Chemistry and Resources Utilization of Gansu
Province and State Key Laboratory of Applied Organic Chemistry, College of
Chemistry and Chemical Engineering, Lanzhou University, Lanzhou 730000, P. R.
China.

* Corresponding authors. Tel.: +86 931 8912552; fax: +86 931 8912582

E-mail addresses: wujc@lzu.edu.cn (J. Wu).



Table of Contents

Table S1. Crystallographic and Structure Refinement Data.

Table S2. Selected bond lengths [A] and angles [°].

Figure S1. Polymerization of L-LA catalyzed by 1 in toluene at 80 °C. The relationship between M, (A) (PDI (o)) of
the polymer and the initial mole ratio [LA]o/{[cat.]o + [BnOH]o} is shown (Table 1, entries 4-8).

Figure S2. Polymerization of L-LA catalyzed by 1 in melt condition at 130 °C. The relationship between M, (A)

(PDI (@)) of the polymer and the initial mole ratio [LA]¢/{[cat.]o + [BnOH]y} is shown (Table 2, entries 2-7).

Figure S3. Polymerization of L-LA catalyzed by 2 in melt condition at 130 °C. The relationship between Mn(A)
(PDI (@)) of the polymer and the initial mole ratio [LA]/{[cat.]o + [BnOH],} is shown (Table 2, entries 10-15).

Figure S4. '"H NMR spectra of the complex 1 keeping at 130 °C for one hour.

Figure S5. 'H NMR spectra of the complex 1 with one equivalent L-LA in CDCl; solution.

Figure S6. 'H NMR spectra of PLLA-20 (20 indicates [LA]¢/[1]o= 20) produced by 1 at 130 °C (Table 2, entry 2).
Figure S7. The ESI-MASS mass spectrum of one benzyl ester and a hydroxyl end-capped PLLA-20 (20 indicates
[LAJ/[1]o= 20) produced by 1 at 130 °C (Table 2, entry 2).

Figure S8. Enlarged ESI-MS spectrum of PLLA-20 (Table 2, entry 2).

Figure S9. '"H NMR spectra of PLA obtained from polymerization of L-LA catalysed by complex 1 and 9-
anthracenemethanol.

Figure S10. The ESI-MASS mass spectrum of one benzyl ester and a hydroxyl end-capped PLLA-10 (10 indicates
[LAJo/[1]o = 20) produced by 1 at 80 °C in toluene (Table 1, entry 5).

Figure S11. '"H NMR spectra of complex 1.

Figure S12. 13C NMR spectra of complex 1.

Figure S13. '"H NMR spectra of complex 2.

Figure. S14. 3C NMR spectra of complex 2.

Figure S15. '"H NMR spectra of complex 3.

Figure S16. 1*C NMR spectra of complex 3.

Figure S17. Homonuclear decoupled 'H NMR spectra of the PLA produced by complex 1.



Table S1. Crystallographic and Structure Refinement Data.

1 2 3
Formula CsgHgoMgoN404°0.5(C7Hg) 1(CsH CssHgoN4O4Zn;- Cs4Hg:MgoN4Os-Cs
6) 0.5(C;Hs)- 1.5(C4Hy) Hg
Fw 1072.07 1193.24 1007.99
Temp 293 2) 293 2) 293 2)
Crystal system Orthorhombic Orthorhombic Monoclinic
Space group Pcen Pcen P2i/n
ak 292813 (9) 29.0531 (7) 16.7376 (4)
bA 21,6214 (3) 21,5787 (10) 202012 (6)
cA 207411 (6) 20,9114 (6) 77913 (4)
a° 90.00 90.00 90.00
B° 90.00 90.00 96.569 (2)
v° 90.00 90.00 90.00
VA 131312 (7) 13109.9 (8) 5976.1 (3)
Z 8 8 4
b en:tcyg?h’d) 1.085 1.209 1.120
AbscI)IrllraI.:loeff. 0.084 0.781 0.735
F(000) 4648 5104 2192
-34<h<33 -34<h<27 -20<h<18
Index ranges -25<k<25 -25<k<24 -24<k<24
-23<1<24 -15<1<24 -21<1<21
Data/ rifltr'/ para 11519/48/734 11495/50/734 11381/12/677
GOF 1.10 1.045 1.04
R,=0.079 R=0.069 R=0.061
[/>20(])]
wR,=0.237 wR,=0.203 wR,=0.176
CCDC number 1045608 1027498 1045550




Table S2. Selected bond lengths [A] and angles [°].

1

Mgl—Ol 1.943 (2) Mg2—03 2.015 (2)
Mgl—O04 1.962 (2) Mg2—02 1.938 (2)
Mgl—N2 2317 (3) Mg2—O04 1.964 (2)
Mgl—NI1 2.135(3) Mg2—N4 2.121 (3)
Mgl—03 2,011 (2) Mg2—N3 2.380 (3)
01—Mgl—O03 106.44 (9) 03—Mg2—N4 109.96 (9)
01—Mgl—04 105.31 (10) 03—Mg2—N3 85.67 (8)
01—Mgl—N2 160.90 (10) 02—Mg2—O03 121.09 (9)
01—Mgl—N1 85.36 (10) 02—Mg2—04 101.08 (10)
03—Mgl—N2 85.04 (9) 02—Mg2—N4 86.34 (9)
03—Mgl—NI 136.30 (10) 02—Mg2—N3 152.04 (10)
04—Mgl—O03 85.73 (9) 04—Mg2—O03 85.57 (9)
04—Mgl—N2 90.47 (9) 04—Mg2—N4 156.37 (10)
04—Mgl—N1 132.53 (10) 04—Mg2—N3 88.01 (9)
N1—Mgl—N2 75.95 (10) N4—Mg2—N3 75.96 (9)

2

Znl—NI1 2.042 (3) Zn2—N3 2452 (3)
Znl—N2 2.305 (3) Zn2—N4 2.030 (3)
Zn1—O1 1.981 (2) Zn2—02 1.971 (2)
Zn1—O03 2.047 (2) Zn2—O03 2.054 (2)
Znl—04 1.981 (2) Zn2—04 1.970 (2)
N1—Znl—N2 77.96 (11) N4—Zn2—N3 76.41 (10)
N1—Znl—O03 136.66 (10) N4—Zn2—03 111.24 (10)
01—Zn1—N1 88.66 (11) 02—7Zn2—N3 156.01 (9)
01—Zn1—N2 166.16 (10) 02—Zn2—N4 90.57 (10)
01—Zn1—03 101.51 (9) 02—7Zn2—03 118.67 (9)
03—Znl—N2 86.17 (9) 03—7Zn2—N3 85.07 (9)
04—Zn1—N1 133.90 (11) 04—7Zn2—N3 84.23 (10)
04—Zn1—N2 89.12 (10) 04—7Zn2—N4 153.03 (10)
04—7Zn1—O1 102.89 (10) 04—7Zn2—02 100.25 (10)
04—7Zn1—03 85.10 (9) 04—7Zn2—03 85.19 (9)

3

Mgl—O03 2.058 (2) Mg2—03 2.006 (2)
Mgl—O04 2.007 (2) Mg2—O04 1.944 (2)
Mgl—O1 1.967 (2) Mg2—02 1.946 (2)
Mgl—N2 2.365(2) Mg2—N4 2.143 (2)
Mgl—N1 2.136 (2) Mg2—N3 2.426 (2)
Mgl—O05 2.222(2)

03—Mgl—N2 85.79 (6) N1—Mgl—N2 75.96 (6)
03—Mgl—N1 101.77 (6) N1—Mgl—O05 96.73 (6)
03—Mgl—O05 158.06 (6) 05—Mgl—N2 87.36 (6)
04—Mgl—Mg2 40.31 (4) 03—Mg2—N4 131.44 (6)
04—Mgl—O03 82.13 (5) 03—Mg2—N3 81.97 (5)
04—Mgl—N2 90.81 (6) 04—Mg2—O03 85.06 (6)
04—Mgl—N1 165.77 (7) 04—Mg2—02 106.73 (6)
04—Mgl—O05 77.14 (6) 04—Mg2—N4 135.01 (7)
01—Mgl—O03 103.35 (6) 04—Mg2—N3 90.05 (6)
01—Mgl—O04 106.07 (6) 02—Mg2—O03 110.49 (6)
01—Mgl—N2 161.63 (6) 02—Mg2—N4 86.07 (6)
01—Mgl—N1 86.50 (6) 02—Mg2—N3 159.55 (6)
01—Mgl—O05 89.36 (6) N4—Mg2—N3 73.68 (6)
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Figure S1. Polymerization of L-LA catalyzed by 1 in toluene at 80 °C. The relationship between M, (A) (PDI (e)) of

the polymer and the initial mole ratio [LA]y/{[cat.]o + [BnOH],} is shown (Table 1, entries 4-8).
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Figure S2. Polymerization of L-LA catalyzed by 1 in melt condition at 130 °C. The relationship between M, (A)

(PDI (@)) of the polymer and the initial mole ratio [LA]o/{[cat.]o + [BnOH],} is shown (Table 2, entries 2-7).
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Figure S3. Polymerization of L-LA catalyzed by 2 in melt condition at 130 °C. The relationship between Mn(A)

(PDI (@)) of the polymer and the initial mole ratio [LA]/{[cat.]o + [BnOH]y} is shown (Table 2, entries 10-15).
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Figure S4. 'TH NMR spectra of the complex 1 after keeping it at 130 °C for one hour.
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Figure S5. 'H NMR spectra of the complex 1 with one equivalent L-LA in CDCl; solution.
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Figure S6. '"H NMR spectra of PLLA-20 (20 indicates [LA]¢/[1]o= 20) produced by 1

at 130 °C (Table 2, entry 2).
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Figure S7. The ESI-MASS mass spectrum of one benzyl ester and a hydroxyl end-capped PLLA-20(20 indicates [LA]o/[1]o= 20) produced by 1 at 130 °C (Table 2, entry 2).

11



FUsers\. \sunvangyang-3_ 150323156029 23201535020 PM

aunyangyeng-3_150323155025 41 RT: 000 AV 1 N 12165
T: FTMS +p ESl Full ms[200.00-4000.00) * *
118889
100 118839 * 22430
1189.39 0872 22540 ©073

&0 [L T 127 0 S 3108
= 117988 18339 . e 21039 122590 porap | 12340
2 89.89 20739
k] - os 17738 18372 11937 ' 119789 05 1208 42 121136 12989 wzres 23390 - a0 121990
4 10885 117138 177 1194.70 113938 o2 10804 121738 121886 40 49 20 nam W30 Prr—

o L f
1170 175 1180 1185 1190 1185 1200 1205 1210 1215 1220 1225 1230 1235 1240 1245

ISHRS# R 000 A2 1 NC 11785

=250 *

g v & wooay PO &
H
!
§ n-:m - ﬁ‘"
’ e Lk
o 5 250 -:m 1200 ©es =zm 1275 ©s0 285 250

Temeen won.00y * * * *

0 1224.90 ‘ T B2
,E, a:n 207.00 - 122540 n mooat m-:n.« * v e 4 A 4 :zc taaRa 'S
i 2005 ‘2!” was |||225%0 .-n m:m:;i‘“ m:‘ " wmren PHA a2 m?.:n:n < wawe T2 gpnm o 15078
% bl ibissins e o S 090 o |[[ " g 307 I ean e R4 o 00

0075

28941 10042 ga454y | 122108
P ©1738 ‘ pxan 12839 w3 v 0108
| i il | \ o L1 i i) i |

(141 I ! i i |
"5 ©Zo 25

1230 1236 120 1245 150 D55 100 1206 21770 175 1280 1286 1230 1235 21300 105 2 1[0 1315 10 135 138900 1535 10 1948 150
—er

PR  rom s * * *

H S Tmaas @ 144140 varrar * ¢ *
; ¢ Vv * ve wa YRl v‘g“" ,:’ Vm:“‘ 5949 50051 w00
e e b e bk e = T e i e = 1 B

Figure S8. Enlarged ESI-MS spectrum of PLLA-20 (Table 2, entry 2), Peak series labelled “ ¥ ”correspond to m(C3H;0,) + BnOH + NH," + H", Peak series labelled “ 4 correspond to

m(C;H40,) + BnOH + 3 x NH,4*". Peak series labelled “%” correspond to m(C3H40,) + BnOH + H;0*+ NH,".
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Figure S9. 'H NMR spectrum of PLLA obtained from polymerization of L-LA catalyed by complex 1 and 9-

anthracenemethanol.
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Figure S10. The ESI-MASS mass spectra of one benzyl ester and a hydroxyl end-capped PLLA-10 (10 indicates

[LAJy/[1]p= 20) produced by 1 at 80 °C in toluene (Table 1, entry 5).
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Figure S11. 'H NMR spectra of complex 1.
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Figure S12. 13C NMR spectra of complex 1.
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Figure S13. '"H NMR spectra of complex 2.
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Figure S15. 'H NMR spectra of complex 3.
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Figure S16. 1*C NMR spectra of complex 3.
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Figure S17. Homonuclear decoupled "H NMR spectra of the PLA produced by complex 1 (Table 3, entry 1 (left)
and entry 3 (right)).
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