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Enhancing the stereoselectivity of Me:GaOR(NHC) species in the ring-opening

polymerization of rac-lactide, with the help of the chelation effect

Pawel Horeglad,»" Anna Rola-Noworyta,* Dawid Tuszynski,* Iga Fabianowska,* Natalia

Agnieszka Marek,* Patrycja Gladysz,* Ireneusz Wielgus,” and Anna Maria Dabrowska?

? Faculty of Chemistry, Warsaw University of Technology, Noakowskiego 3, 00-664, Warsaw, Poland.

1) VT 'H NMR data for complexes 3 and 4 (Figures S1 — S26)

2) FTIR data for complexes 3 and 4 (Figures S27 — S42)

3) 13C NMR spectra of PLA obtained with 1 and 2 (Figures S43 — S45)

4) MALDI-TOF and GPC of PLA obtained with complexes 1 and 3 (Figures S46 —

S89)



1) VT 'H NMR Data
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Figure S1.'H NMR (toluene-ds, 400 MHz) spectrum of 3 at r.t.
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Figure S2.'H NMR (toluene-ds, 400 MHz) spectrum of 3 at 0°C
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Figure S3.H NMR (toluene-ds, 400 MHz) spectrum of 3 at —20°C
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Figure S4. VT *H NMR (toluene-ds, 400 MHz) spectra of 3 at r.t. (blue), 0°C (green) and —

20°C (red)
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Figure S5.'H NMR (CDCly, 400 MHz) spectrum of 3 at r.t.
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Figure S6.'H NMR (CD,Cly, 400 MHz) spectrum of 3 at 0°C
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Figure S7.H NMR (CDCly, 400 MHz) spectrum of 3 at —20°C
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Figure S8. VT 'H NMR (CD-Cl, 400 MHz) spectra of 3 at r.t. (blue), 0°C (green) and —20°C

(red)



Figure S10.'H NMR (THF-ds, 400 MHz) spectrum of 3 at 0°C
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Figure S9.*H NMR (THF-ds, 400 MHz) spectrum of 3 at r.t.

55553593543 2 R% % b 22 %3

IR RGBS VA = N Y/

I
_JJL\__, ) \JA | . J
.‘5 7?0 GfS 6‘.0 515 5{0 4.‘5 4‘.0 3.‘5 3‘.0 215 ZiU 1.‘5 1.0 0.0 -0.5 —1‘.0 -1I.5
f1 (ppm)



3.0 2.
f1 (ppm)

Figure S12.'H NMR (THF-ds, 400 MHz) spectrum of 3 at —40°C
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Figure S11.'H NMR (THF-ds, 400 MHz) spectrum of 3 at —20°C
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Figure S13. VT 'H NMR (THF-ds, 400 MHz) spectra of 3 at r.t. (purple), 0°C (blue), —20°C

(green) and —40°C (red)
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Figure S14.'H NMR (toluene-ds, 400 MHz) spectrum of 4 at r.t.
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Figure S15.*H NMR (toluene-ds, 400 MHz) spectrum of 4 at 0°C
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Figure S16.*H NMR (toluene-ds, 400 MHz) spectrum of 4 at —20°C
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Figure S17. VT *H NMR (toluene-ds, 400 MHz) spectra of 4 at r.t. (blue), 0°C (green) and —

20°C (red)
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Figure S18.'H NMR (CD-Cls, 400 MHz) spectrum of 4 at r.t.
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Figure S19.'H NMR (CD-Cly, 400 MHz) spectrum of 4 at 0°C
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Figure S20.'H NMR (CD.Cly, 400 MHz) spectrum of 4 at —20°C
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Figure S21. VT *H NMR (CD.Cl, 400 MHz) spectra of 4 at r.t. (blue), 0°C (green) and —

20°C (red)
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Figure S22.'H NMR (THF-dg, 400 MHz) spectrum of 4 at r.t.
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Figure S24.H NMR (THF-ds, 400 MHz) spectrum of 4 at —20°C
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Figure S23.H NMR (THF-ds, 400 MHz) spectrum of 4 at 0°C
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Figure S25.'H NMR (THF-ds, 400 MHz) spectrum of 4 at —-40°C
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2) FTIR
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Figure S27. FTIR spectrum of 3% solution of complex 3 in toluene.
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Figure S28. FTIR spectrum of 3% solution of complex 3 in toluene. Spectrum of C=0 band

deconvoluted for two bands FWHM — Full Width Half Maximum.

Peak Position Absorbance FWHM Area Peak Type
1726.340597 0.063908 18.316655 1.246039 0%ULorentz+Gauss
1748.195446 0.093912 16.482831 1.695958 6%Lorentz+Gauss
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Figure S29. FTIR spectrum of 3% solution of complex 3 in toluene. Spectrum of C=0 band

deconvoluted for three bands.

Peak Position Absorbance FWHM Area Peak Type

1722.081993 0.062386 9.754557 0.695758 16%Lorentz+Gauss
1733.180318 0.049468 11.306937 0.595393 0%Lorentz+Gauss
1748.549451 0.096721 15.075776 1.655648 14%ULorentz+Gauss
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Figure S30. FTIR spectrum of 3% solution of complex 3 in THF.



0.10

0.08

0.06

Un

Al
0.04

0.02

0.00

1820 1800

1780 1760

Wavenumber cm-1

1740

1700

Figure S31. FTIR spectrum of 3% solution of complex 3 in THF. Spectrum of C=0 band

deconvoluted for two bands.

Peak Position Absorbance FWHM Area Peak Type
1726.340597 0.063908 18.316655 1.246039 0%Lorentz+Gauss
1748.195446 0.093912 16.482831 1.695958 6%Lorentz+Gauss
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Figure S32. FTIR spectrum of 3% solution of complex 3 in THF. Spectrum of C=0 band

deconvoluted for three bands.

Peak Position Absorbance FWHM Area Peak Type
1722.081993 0.062386 9.754557 0.695758 16%Lorentz+Gauss
1733.180318 0.049468 11.306937 0.595393 0%ULorentz+Gauss




1748.549451 0.096721 15.075776 1.655648 14%Lorentz+Gauss

Tranamittance [%]
&
L

70
L

8
=

18224 ——

142.98 ——

105830 ——

asser ——
2

Wanenumber cm-1

Figure S33. FTIR spectrum of 3% solution of complex 3 in CH2Cl,.
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Figure S34. FTIR spectrum of 3% solution of complex 3 in CH2Clz. Spectrum of C=0 band

deconvoluted for two bands.

Peak Position Absorbance FWHM Area Peak Type

1715.274664 0.088592 17.110649 1.613592 0%ULorentz+Gauss

1737.474323 0.171038 18.237052 3.533763 14%Lorentz+Gauss
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Figure S35. FTIR spectrum of 3% solution of complex 4 in toluene.
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Figure S36. FTIR spectrum of 3% solution of complex 4 in toluene. Spectrum of C=0 band

deconvoluted for two bands.

Peak Position Absorbance FWHM Area Peak Type

1724.434753 0.080569 17.109827 1.842607 54%L orentz+Gauss

1746.465898 0.128244 18.492731 2.708876 15%L orentz+Gauss
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Figure S37. FTIR spectrum of 3% solution of complex 4 in toluene. Spectrum of C=0 band

deconvoluted for three bands.

Peak Position Absorbance FWHM Area Peak Type
1721.863847 0.044304 10.141491 0.487971 4%L orentz+Gauss
1731.105339 0.060030 22.959413 2.164961 100%L orentz+Gauss
1747.369518 0.114319 16.265737 2.105625 13%L orentz+Gauss
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Figure S38. FTIR spectrum of 3% solution of complex 4 in THF.
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Figure S39. FTIR spectrum of 3% solution of complex 4 in THF. Spectrum of C=0 band

deconvoluted for two bands.

Peak Position Absorbance FWHM Area Peak Type
1723.709394 0.106060 16.120654 2.134105 36%Lorentz+Gauss
1747.924977 0.127205 17.978735 2.471268 3%Lorentz+Gauss
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Figure S40. FTIR spectrum of 3% solution of complex 4 in THF. Spectrum of C=0 band

deconvoluted for three bands.

Peak Position Absorbance FWHM Area Peak Type

1722.285661 0.110339 12.014184 1.841557 64%L orentz+Gauss
1733.142974 0.037659 9.835361 0.394268 0%Lorentz+Gauss
1748.379309 0.130130 16.522038 2.384595 9%l orentz+Gauss
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Figure S41. . FTIR spectrum of 3% solution of complex 4 in CH2Cl.
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Figure S42. FTIR spectrum of 3% solution of complex 4 in CH2Cl,. Spectrum of C=O band

deconvoluted for two bands.

Peak Position Absorbance FWHM Area Peak Type
1714.579417 0.111738 15.692485 1.866484 0%Lorentz+Gauss
1738.245088 0.181180 15.896046 3.190238 9%L orentz+Gauss




3) Polymerization data
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Figure S43 °C NMR (CDCls, 100 MHz) spectra of the methine region of PLA prepared by polymeri-
zation of rac-LA with 1 and 2 in toluene at: 40°C (a), r.t. (b), 0°C (c), —20°C (d), —40°C (e)
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Figure S44 °C NMR (CDCls, 100 MHz) spectra of the methine region of PLA prepared by polymeri-
zation of rac-LA with 1 and 2 in CH,Cl, at: 40°C (a), r.t. (b), 0°C (c), —20°C (d), -40°C (e)



1-a)

1-b)

1-c)

1-d) n

2-a)

2-b)

mrm

6946 6942 938 6934 6930 6926 692 6318 69

mmm
mm
mmr
rmr

14 6900 6906 G002 GRSE 6494 GESD  GEEG  BAA2

i (pom)

6246 5942 6938 6934 6330 6326 6322 6918 69.14 6900 6906 6302 6095 664 6890  6BSS 6382

(g

2-d)

")

| ¥ I}
¥ Vi
Rl A1
[ ommm E I
[ ||
| mm
| /! r | |
| |
[ mmr (|
|
| |
i
[\ rmr I
| | | |
| | ! |
| i !
|
/
|
an e o ex  en  es  en el e s 6o wn a0 en 4% oo ao 6 oo on oo on oo 68 oo es  ao o5
o
( )
1-e) - 2-e) i
1 |
|} 1]
|
1 1
&
|| |
o |
| (|
|
| |
| |
|
| I
| |
| | I
|
| | |
|
| ! |
i [
[ I
_ - — "
3 .
69.50 6545 69.40 8935 6930 6925 [ ?‘;;;) 62.10 69.05 63.00 6895 6950 6945 @40 6935 .30 69.25 63.20 "6;;5“, 6910 .05 69.00 69.95 63.90 68.85

Figure S45 °C NMR (CDCls, 100 MHz) spectra of the methine region of PLA prepared by polymeri-
zation of rac-LA with 1 and 2 in THF at: 40°C (a), r.t. (b), 0°C (c), —20°C (d), —40°C (e)



4) MALDI-TOF and GPC of PLA obtained with complexes 1 and 3
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Figure S50. MALDI-TOF spectrum of PLA obtained with 1 in toluene at 0°C, Table 1, entry
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Figure S51. GPC eluogram of PLA obtained with 1 in toluene at 0°C, Table 1, entry 7.
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Figure S52. MALDI-TOF spectrum of PLA obtained with 1 in toluene at —20°C, Table 1,

entry 9. Figure 1 (=)
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Figure S53. GPC eluogram of PLA obtained with 1 in toluene at —40°C, Table 1, entry 9.
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Figure S55. GPC eluogram of PLA obtained with 1 in CH2Cl; at 40°C, Table 1, entry 2.
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Figure S57. GPC eluogram of PLA obtained with 1 in CH>Cl at 0°C, Table 1, entry 8.
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Figure S58. MALDI-TOF spectrum of PLA obtained with 1 in CH2Cl2 at —40°C, Table 1, entry
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Figure S59. GPC eluogram of PLA obtained with 1 in CH2Cl, at —40°C, Table 1, entry 14.
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Figure S60. MALDI-TOF spectrum of PLA obtained with 1 in THF at —20°C, Table 1, entry
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Figure S61. GPC eluogram of PLA obtained with 1 in THF at —20°C, Table 1, entry 12.
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Figure S62. MALDI-TOF spectrum of PLA obtained with 1 in THF at —-40°C, Table 1, entry

15. Figure 1 (=)



NM_I6_2 Printed: Monday, June 03, 2024 12:48:48
C:\Users'Viscotek' Documents'OnmiSEC Data' Viscoesk' 2021-1212022-01-14_12:16:54_NM_16_2_01.wit
3450 j Refractive Index
J =
3300 ' i
{
3 3150 i
¥ L
E 3000+ i
; |
5 285.0— § |
z 285, f il
a f |
270,0— /v/l) i
{
. 1 L ;
255,0—
240
| | | | | |
a0 20 40 60 80 10,0 120 140
Retention Volume (ml)
Conr i Calib - Homopolymers : Results
Femk BV - (=) 504d T 2(% 5.00— Molecular Weight vs. Retention Volume
Mn - (Daltons) 10 163}
[Mw — (Daltons) 6413 0 480
Mz - (Daltons) 21 08QY 0]
; 21 4634 ( 4,60
1615 0,000
0 100,000} (1,000}
0 0.00( 0,000} A=
3 354] )
32497 0 420+
1000} 0.000|
15,604 18,71 4,00
UV @240nm Area - (mvml) .00} 0,00
3,80
Annotation
3,60
CC_RLPS 202106 z_dnia 2022 01-05-0003.vem| 3,40
Jan 14, 2022 . 12:16:54
Chlorck mety lenul 3,20
admin : Administrator
admin : Adsministrtor] 3.00- I I |
Jordi DVB Mixed Bed) 7.0 80 9.0 10,0
QDA MB|
|Flow Rate - (ml/ min) 1,000
]Qx Volume - (ul) 30.0
(Volume Incasment - (ml) 0,00333 L6 Normalized Wt Fr vs. Log Molecular Weight
[Detector Temp. - (deg C) 30,0 Z62
Column Temp. - (deg C) 30,0
OmniSEC Build Number 7] 146
1,30 ll
L1 \
|
0,97 |
- S
0,65 ‘
0.4 |
|
0.3 \
Q16
0.00- Mnl Mw Mz |
30 4.0 50

Figure S63. GPC eluogram of PLA obtained with 1 in THF at —40°C, Table 1, entry 15.
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Figure S64. MALDI-TOF spectrum of PLA obtained with 2 in toluene at 40°C, Table 1, entry
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Figure S65. GPC eluogram of PLA obtained with 2 in toluene at 40°C, Table 1, entry 16.
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Figure S66. MALDI-TOF spectrum of PLA obtained with 2 in toluene at r.t., Table 1, entry
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Figure S67. GPC eluogram of PLA obtained with 2 in toluene at r.t., Table 1, entry 17.
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Figure S68. MALDI-TOF spectrum of PLA obtained with 2 in toluene at 0°C, Table 1, entry
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Figure S69. GPC eluogram of PLA obtained with 2 in toluene at 0°C, Table 1, entry 20.
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Figure S70. MALDI-TOF spectrum of PLA obtained with 2 in toluene at —20°C, Table 1, entry
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Figure S72. MALDI-TOF spectrum of PLA obtained with 2 in toluene at —40°C, Table 1, entry
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Figure S73. GPC eluogram of PLA obtained with 2 in toluene at —40°C, Table 1, entry 26.
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May originate from hydrolysis of PLA during quenching with H20O/H+
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Figure S74. MALDI-TOF spectrum of PLA obtained with 2 in CH.Cl; at r.t., Table 1, entry
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Figure S75. GPC eluogram of PLA obtained with 2 in CHCl; at r.t., Table 1, entry 18.
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Figure S76. MALDI-TOF spectrum of PLA obtained with 2 in CH.Cl; at 0°C, Table 1, entry
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Figure S77. GPC eluogram of PLA obtained with 2 in CH2Cl; at 0°C, Table 1, entry 21.
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Figure S78. MALDI-TOF spectrum of PLA obtained with 2 in CH2Cl at —20°C, Table 1, entry
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Figure S79. GPC eluogram of PLA obtained with 2 in CH.Cl, at —20°C, Table 1, entry 24.
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Figure S80. MALDI-TOF spectrum of PLA obtained with 2 in CH2Cl, at —40°C, Table 1, entry
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Figure S81. GPC eluogram of PLA obtained with 2 in CH,Cl; at —40°C, Table 1, entry 27.
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Traces may originate from hydrolysis of PLA during quenching with H20/H+
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Figure S82. MALDI-TOF spectrum of PLA obtained with 2 in THF at r.t., Table 1, entry 19.
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Figure S83. GPC eluogram of PLA obtained with 2 in THF at r.t., Table 1, entry 19.
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Figure S84. MALDI-TOF spectrum of PLA obtained with 2 in THF at 0°C, Table 1, entry 22.
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Figure S85. GPC eluogram of PLA obtained with 2 in THF at 0°C, Table 1, entry 22.
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Figure S86. MALDI-TOF spectrum of PLA obtained with 2 in THF at —20°C, Table 1, entry
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Figure S87. GPC eluogram of PLA obtained with 2 in THF at —20°C, Table 1, entry 25.
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Figure S88. MALDI-TOF spectrum of PLA obtained with 2 in THF at —-40°C, Table 1, entry
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Figure S89. GPC eluogram of PLA obtained with 2 in THF at —40°C, Table 1, entry 28.



