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1 Analytical Methods

1.1 Nuclear Magnetic Resonance Spectroscopy (NMR)

'H NMR spectra were recorded on a Bruker Avance Il 400, a Bruker Avance Ill HD400 or a Bruker Avance
Neo 400 at 25 °C. For data acquisition, the software TopSpin was used (Bruker Avance Il: TopSpin 2.1;
Bruker Avance Ill: TopSpin 3.5 pl 7; Bruker Avance Neo: TopSpin 4.2.0). The analysis of data was performed
with the software MestReNova.! The spectra were referenced to the residual solvent signal
(6(CHCI5) = 7.26 ppm) relative to TMS.?

1.2 Single-Crystal X-Ray Diffraction (SC-XRD)

The acquired SC-XRD data are summarized in Tables S2 (C1-C3), S3 (C4-C6) and S4 (C7-C8). The data were
collected with the four-circle goniometer Stoe Stadivari with Dectris Pilatus3 R 200 K hybrid pixel detector
using Geni 3D high flux Mo-Ka radiation A = 0.71073 A, €1 - C5, €7, C8) or Cu radiation (A = 1.54186 A, C6)
at 100 K. The temperature control was achieved with an Oxford Cryostream 800. Crystals were mounted
with grease on glass fibers. Data was collected with X-Area Pilatus®** and integrated with X-Area Integrate®
® and X-Area Recipe” ® .The spherical absorption correction was performed by Gaussian integration with
Stoe X-Red32 followed by scaling of reflections with X-Area LANA® °,

The structure was solved by direct and conventional Fourier methods and all non-hydrogen atoms were
refined anisotropically with full-matrix least-squares based on F? (XPREP!, SHELXS*?, SHELXT'3, ShelXle!*
and SHELXL™). Hydrogen atoms were derived from difference Fourier maps and placed at idealized posi-
tions, riding on their parent C atoms, with isotropic displacement parameters Uiso(H) = 1.2 Ueq(C) and
1.5 Ueq(Crmetny1). All methyl groups were allowed to rotate but not to tip.

Full crystallographic data have been deposited with the Cambridge Crystallographic Data Centre as supple-
mentary no. CCDC — 2278549 for C1, CCDC — 2278540 for C2, CCDC — 2278551 for €3, CCDC — 2278552 for
C4, CCDC — 2278553 for €5, CCDC — 2278554 for €6, CCDC — 2278555 for €7 and CCDC — 2278556 for C8.
Copies of the data can be obtained free of charge by application to CCDC, 12 Union Road, Cambridge CB2
1EZ, UK (www.ccdc.cam.ac.uk/data_request/cif, e-mail: data_request@ccdc.cam.ac.uk).

1.3 Fourier-Transform Infrared Spectroscopy (FTIR)

FTIR spectra were recorded with a Shimadzu IRTracer-100 using a Csl beam splitter with an ATR unit (Quest
model from Specac utilizing a robust monolithic crystalline diamond) with a resolution of 2 cm™. For data
collection and the baseline correction, the software LabSolutions IR'® was used. The peak picking and the
assignment of intensities was carried out with the Spectra Editor integrated in the electronic lab notebook
Chemotion.

1.4 Matrix-Assisted Laser Desorption lonization Time-of-Flight Mass Spectrometry (MALDI-TOF-MS)

The end group analysis was performed by MALDI-TOF-MS on a Bruker ultrafleXtreme equipped with a
337 nm smart beam laser in the reflective mode. THF solutions of trans-2-[3-(4-tert-butylphenyl)-2-methyl-
2-propenylidene]malononitrile (DCTB) (5 uL of a 20 mg mL? solution), sodium trifluoroacetate (0.1 uL of a
10 mg mL? solution), and analyte (5 pL of a 10 mg mL? solution) were mixed and a droplet thereof applied
on the sample target. The protein mixture Protein 1 calibration standard was used for calibration. For the
spectra, 4000 laser shots with 24% laser power were collected. The laser repetition rate was 1000 Hz.

1.5 In Situ Raman Spectroscopy

Raman spectra were recorded under process conditions (135—-180 °C, Ar atmosphere) using a RXN1 spec-
trometer of Kaiser Optical Systems with a 785 nm laser. The used detector is a TE-Cooled, 1024 CCD detec-
tor and the used stirrer corresponds to the model PRE1946 of Premex Reactor AG with a torsional moment



of 20 Ncm. An immersion probe with a sapphire lens (d = 0.1 mm) was applied to the autoclave optimized
for monitoring biphasic reaction mixtures.!® The data acquisition was done with the software iC Raman.®
The obtained time-resolved data were processed with the PEAXACT software.?’ Characteristic peaks (lac-
tide peak: 624-713 cm™, polylactide peak: 837-911 cm™) were integrated to receive the kinetic data.

1.6 Thermogravimetric Analysis (TGA)

Thermogravimetric analysis was conducted on a LINSEIS STA PT 1600 under a constant flow of nitrogen
(60 scem min). The sample was heated from 29 K to 150 K with a heating rate of 5 K min and was then
kept at 150 °C for 1 h.

1.7 Differential Scanning Calorimetry (DSC)

DSC curves of selected polymer samples were recorded on a Netzsch DSC 204 F1 Phoenix equipped with
an intra-cooler. The samples were weighed into 50 pL aluminum pans and sealed with punctuated alumi-
num lids. For all measurements, four cycles were performed, starting at 20 °C and subsequent heating to
200 °C. After each cooling, an isotherm at 20 °C was applied for 15 min. After the first heating, an isotherm
at 200 °C was applied for 3 h. A heating rate of of 10 K min™ and a nitrogen flow of 40 mL min* were ap-
plied. The analysis of data was performed with the software NETZSCH Proteus — Thermal Analysis.!

1.8 Elemental Analysis (EA)

Elemental analysis was performed on an elementar vario EL and an elementar vario EL cube.

1.9 Gel Permeation Chromatography (GPC)

The average molar masses and mass distributions of the polymer samples were determined by GPC. using
a flow rate of 1 mL mint at 25 °C with THF as mobile phase. The utilized GPCmax VE-2001 from Viscotek is
a combination of an HPLC pump, two Malvern Viscotek T columns (porous styrene divinylbenzene copoly-
mer) with a maximum pore size of 500 and 5000 A and a refractive index detector (VE-3580). A conven-
tional calibration was applied to evaluate the chromatographic results. The analysis of data was performed
with the software OmniSEC.?? A correction factor of 0.58 was used according to literature for the molar
mass of PLA relative to polystyrene standards.?>2*

1.10 Electrospray lonization Mass Spectrometry (ESI-MS)

ESI-MS of the iron complexes was performed on an UHR-TOF Bruker Daltonik maXis Il, an ESI-quadrupole
time-of-flight (qToF) mass spectrometer capable of a resolution of at least 80.000 FWHM and a source
voltage of 4.5 kV. Detection was in positive ion mode. The mass spectrometer was calibrated subsequently
to every experiment via direct infusion of a L-proline sodium salt solution, which provided a m/z range of
singly charged peaks up to 3000 Da in both ion modes.

1.11 Atmospheric Pressure Chemical lonization Mass Spectrometry (APCI-MS)

APCI-MS of the iron complexes was performed on an UHR-TOF Bruker Daltonik maXis Il using a source
voltage of 4.0 kV with an end plate offset of -500 V. The corona current was set to 4000 nA. A nebulizer
pressure of 3.0 bar was applied and a heater temperature of 300 °C. Detection was in positive ion mode.
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2 Ligands

The guanidine ligands L1-L8 were synthesized according to literature procedures starting from a commer-
cially-available amine and N,N,N’,N’-tetramethylchloroformamidinium chloride (TMG Vilsmeier salt) and
N,N’-dimethylethylenechloroformamidinium chloride (DMEG Vilsmeier salt), respectively, which were pre-
pared in the working group from phosgene and the respective urea according to literature.? ¢ The chem-
ical structures of the ligands L1-L8 are depicted in Fig. S1 and the respective references are listed in Ta-
ble S1 including the systematic IUPAC name and other trivial names that were used in literature for these
compounds.
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Fig. S1: Chemical structures of the guanidine ligands resynthesized in this work.

Table S1: References for the ligand synthesis.

Ligand Other names IUPAC name Reference
TMG2b (L1) btmgb 2,2'-(1,2-Phenylene)bis(1,1,3,3-tetramethylguanidine) z

TMG2n (L2) btmgn, TMGN  2',2'-(Naphthalene-1,8-diyl)bis(1,1,3,3-tetramethylguanidine) 28

TMG:ze (L3) 2',2'-(Ethane-1,2-diyl)bis(1,1,3,3-tetramethylguanidine) 2

TMG2p (L4) btmgp 2',2'-(Propane-1,3-diyl)bis(1,1,3,3-tetramethylguanidine) 29,30
TMGpy (L5) 1,1,3,3-Tetramethyl-2-(pyridin-2-ylmethyl)guanidine 31
TMGepy (L6) 1,1,3,3-Tetramethyl-2-(2-(pyridin-2-yl)ethyl)guanidine 32
DMEG:zb (L7) bdmegb N,N'-(1,2-phenylene)bis(1,3-dimethylimidazolidin-2-imine) 3
DMEG:n (L8) DMEGN N,N'-(naphthalene-1,8-diyl)bis(1,3-dimethylimidazolidin-2-imine) ~ 3*




3 Iron Complexes

3.1 Complex Synthesis

The experimental procedures for the synthesis of the iron complexes are described in the main paper and
are additionally deposited in the Chemotion Repository. The links are given in the main paper.

3.2 Crystallographic Data

CL1

Fig. S2: Molecular structure of [Fe(TMG2b)Cl;] (C1) in the solid state (ellipsoids drawn with 50% probability
level). Hydrogen atoms were omitted for clarity.

CL2

Fig. S3: Molecular structure of [Fe(TMG2n)Cl,] (€C2) in the solid state (ellipsoids drawn with 50% probability
level). Hydrogen atoms were omitted for clarity.
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Clli_a cL1

Fig. S4: Molecular structure of [Fe(TMGze)Cl;] (C3) in the solid state (ellipsoids drawn with 50% probability
level). Hydrogen atoms were omitted for clarity.

Fig. S5: Molecular structure of [Fe(TMG2p)Cl,] (C4) in the solid state (ellipsoids drawn with 50% probability
level). Hydrogen atoms were omitted for clarity.



CL2

Fig. S6: Molecular structure of [Fe(TMGpy).CI]CI (C5) in the solid state (ellipsoids drawn with 50% proba-
bility level). Hydrogen atoms were omitted for clarity. The non-coordinating anion CI2 is disordered.

CL2

Fig. S7: Molecular structure of [Fe(TMGepy)Cl,] (C6) in the solid state (ellipsoids drawn with 50% probabil-
ity level). Hydrogen atoms were omitted for clarity.
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i.
C28_a

Fig. S8: Molecular structure of [Fe(DMEG:b)Cl,] (C7) in the solid state (ellipsoids drawn with 50% probabil-
ity level). Hydrogen atoms were omitted for clarity.
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CLZ2

Fig. S9: Molecular structure of [Fe(DMEG:n)Cl,] (C8) in the solid state (ellipsoids drawn with 50% probabil-
ity level). Hydrogen atoms were omitted for clarity.
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Table S2: Crystallographic data of complexes C1-C3.
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c1 Cc2 c3
[Fe(TMG:2b)Cl2] [Fe(TMG2n)Cl2] [Fe(TMG:2e)Cl2]
Empirical formula C16H28Cl2FeNs Ca0H30Cl2FeNs C12H28Cl2FeNs
Formula weight [g mol] 431.19 481.25 383.15
T[K] 100 100 100
A[A] 0.71073 0.71073 0.71073
Crystal system monoclinic monoclinic monoclinic
Space group P2i/c P21/c C2/c
a [A] 12.011(2) 11.288(2) 18.177(4)
b [A] 10.508(2) 11.398(2) 7.3979(15)
c[A] 16.725(3) 18.010(4) 13.815(3)
a[?] 90 90 90
8 [°] 106.09(3) 94.59(3) 102.03(3)
v [’ 90 90 90
74 [A3] 2028.1(8) 2309.8(8) 1817.0(7)
V4 4 4 4
Peale. [g cm] 1.412 1.384 1.401
u [mm?] 1.019 0.903 1.127
F(000) 904 1008 808

Crystal size [mm)]

hkl range

Reflections collected
Independent reflections
Rint

Number of parameters
R1[I>20(/)]

wR: (all data)

Goodness-of-fit

Largest diff. peak, hole [e A3]

0.260x0.200%0.160
-14<h<18
-15<k<15
-25<1<25
38281
7950
0.0205
234
0.0303
0.0704
1.111
0.583
-0.396

0.190x0.180%0.170
-16<h<16
-17<k<16
-27<1<20
28150
8473
0.0432
270
0.0440
0.0985
1.109
0.482
-0.420

0.140x0.130%0.120
-18<h<28
-11<k<11
-21<1<21
21888
3454
0.0355
100
0.0239
0.0549
0.938
0.445
-0.325

12



Table S3: Crystallographic data of complexes C4—C6.

ca C5 (o
[Fe(TMG2p)Cl2] [Fe(TMGpy):Cl]CI [Fe(TMGepy)Cl2]
Empirical formula Ci3H30Cl2FeNs C22H36Cl2FeNs C12H20Cl2FeNs
Formula weight [g mol™?] 397.18 539.34 347.07
T[K] 100 100 100
LA 0.71073 0.71073 1.54186
Crystal system triclinic orthorhombic orthorhombic
Space group Pi P212121 P212121
a [A] 9.3007(19) 12.769(3) 8.7832(18)
b [A] 9.830(2) 13.649(3) 11.895(2)
c[A] 12.490(3) 15.343(3) 15.221(3)
a[?] 69.47(3) 90 90
8 [°] 87.94(3) 90 90
vy [°] 65.38(3) 90 90
VA3 964.0(4) 2674.1(9) 1590.3(6)
V4 2 4 4
Peale. [g cm] 1.368 1.340 1.450
u [mm] 1.065 0.790 10.630
F(000) 420 1136 720

Crystal size [mm]

hkl range

Reflections collected
Independent reflections
Rint.

Number of parameters
R1 [I>20(/)]

wR2 (all data)
Goodness-of-fit

Largest diff. peak, hole [e A3]

Absolute structure parameter

0.180x0.150%0.110
-14<h<12
-14<k<15
-19<I<19
23563
7566
0.0254
207
0.0265
0.0657
0.963
0.406
-0.329

0.210x0.180%0.160

-19<h<18
-21<k<20
-21<1<23
35928
9889
0.1038
316
0.0454
0.0931
0.933
0.784
-0.826
-0.006(7)

0.320x0.220%0.130

-10<h<7
-14<k<13
-17<<18
25688
2964
0.0453
176
0.0370
0.1020
1.074
0.390
-0.737
0.001(5)

13



Electronic Supplementary Information (ESI)

Table S4: Crystallographic data of complexes C7—C8.

c7 c8
[Fe(DMEG:2b)Cl2] [Fe(DMEG:2n)Cl2]
Empirical formula C16H24Cl2FeNs Ca0H26Cl2FeNs
Formula weight [g mol?] 427.16 477.22
TIK] 100 100
A AT 0.71073 0.71073
Crystal system monoclinic monoclinic
Space group 12/a P2i/c
a[A] 17.306(4) 15.712(3)
b [A] 9.4540(19) 9.2900(19)
c [A] 36.444(11) 16.520(3)
al’] 90 90
61°] 97.32(3) 116.37(3)
v[°] 90 90
VA% 5914(3) 2160.4(9)
V4 12 4
Peale. [g cm™] 1.439 1.467
u [mm?] 1.048 0.965
F(000) 2664 992
Crystal size [mm] 0.240x0.210x0.170 0.210x0.200x0.180
hkl range -22<h<22 -12<h<25
-11<k<12 -15<k<15
35<I<46 -27<1<23
Reflections collected 28817 109748
Independent reflections 6436 9941
Rint. 0.1453 0.1128
Number of parameters 345 266
R1[I>20(1)] 0.0648 0.0359
wR2 (all data) 0.1933 0.0940
Goodness-of-fit 1.025 1.057
Largest diff. peak, hole [e A3] 1.619 0.622
-0.768 -0.903

14



3.3 Thermogravimetric Analysis (TGA)

3.3.1 General Remarks on TGA Measurements

In order to investigate the thermal stability of the eight iron guanidine complexes C1-C8, TGA measure-
ments were conducted (see Fig. S10 and S14— S20). For C2—C8, no significant mass loss was observed. For
the complex formed from FeCl, and TMG;b (L1), a mass loss of approximately 8% was observed beginning
at a temperature of approximately 125 °C. This indicates the existence of a solvate of C1. Indeed, SC-XRD
of a different single-crystal revealed the existence of an acetonitrile solvate [Fe(TMG2b)Cl;]-1.5MeCN
(C1-1.5MeCN) that may form under the same crystallization conditions. The overall quality of the dataset
of C1-1.5MeCN is poor due to the crystal quality and only the connectivity could be obtained. The amount
of the non-coordinating solvent is roughly determined to 1.5 equivalents per complex molecule. Also, the
IR spectra before and after TGA show a slight difference (see Fig. $11-S12) and the IR spectrum after TGA
resembles the spectrum recorded for the single-crystal of acetonitrile-free C1 (see Fig. S13).

3.3.2 Plots of TGA Measurements

160 200
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0 2000 4000
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Fig. S10: TGA of [Fe(TMG;b)Cl;]-1.5MeCN (C1-1.5MeCN). A mass loss of approximately 8% was observed
beginning at a temperature of approximately 125 °C.
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Fig. S11: IR spectra recorded for [Fe(TMG2b)Cl;]-1.5MeCN (C1-1.5MeCN) before and after TGA. For clarity,
only the wavenumber range from 400 to 1700 cm™ is depicted. The spectra deviate slightly indicating dif-
ferent species before and after TGA. Most strikingly, during TGA a new peak at 770 cm™ appears (see ex-

pansion in Fig. S12). The spectrum after TGA matches the spectrum of the complex [Fe(TMG;b)Cl;] (C1)
without acetonitrile (see Fig. S13).
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Fig. S12: IR spectra recorded for [Fe(TMG,b)Cl,]-1.5MeCN (C1-1.5MeCN) before and after TGA (expan-
sion).
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Fig. $13: IR spectra of [Fe(TMG:b)Cl;] (C1, structure of sample confirmed by SC-XRD) and of C1:1.5MeCN
after TGA. For clarity only the wavenumber range from 400 to 1700 cm™ is depicted. Both spectra match
indicating that the solvate C1-1.5MeCN can be transferred into the acetonitrile-free C1 by heating.
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Fig. S14: TGA of [Fe(TMG2n)Cl;] (C2).
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Fig. S15: TGA of [Fe(TMGze)Cl,] (C3).
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Fig. S16: TGA of [Fe(TMG,p)Cl,] (C4).
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Fig. S17: TGA of [Fe(TMGpy).CI]CI (C5).
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Fig. S18: TGA of [Fe(TMGepy)Cl,] (C6).
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Fig. S19: TGA of [Fe(DMEG;b)Cl,] (C7).
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Fig. S20: TGA of [Fe(DMEG:n)Cl;] (C8)
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4 Polymerization Experiments

The following Tables S5-S9 summarize all polymerization experiments that were conducted. The reaction
times t, the conversion p, the initial apparent rate constants kapp, the theoretical molar masses M theo, the
experimental molar masses M, and M., and the dispersities M./M, are given. The semilogarithmic plots
from which the apparent rate constants kap, were determined are given below in Section 4.3.

4.1 Tables of Polymerization Experiments, Conversions, kap, Values and GPC Results

Table S5: Polymerization experiments for the evaluation of the catalyst activity.[

No. Cat. [M]/[l] t p[b] kapp[c] Mn,theold] Mn[e] Mw[e] Mw/Mn[e] Flg
[min] [%] [10%s?' [kg'mol?] [kg-mol?'] [kg:mol?]

1 C1 1000/1 300 11 0.0583 15.9 n. d.f n. d.1 n. d.1 522
2 a 1000/1 300 13 0.0675 18.7 n.d.Mf n.d.f n.d.f S23
3 Q@ 1000/1 300 65 0.648 93.7 25.0 37.1 1.5 524
4 C2 1000/1 300 49 0.502 70.6 11.2 16.4 1.5 S25
5 C3 1000/1 60 56 9.67 80.7 25.3 37.3 1.5 S26
6 C3 1000/1 60 55 9.59 79.3 20.2 32.8 1.6 S27
7 Ca 1000/1 60 42 401 60.5 14.1 20.6 1.5 528
8 c4 1000/1 60 55 68.3 79.3 21.2 30.8 1.5 $29
9 C5 1000/1 60 41  2.09 59.1 11.0 15.9 1.4 S30
10 €5 1000/1 60 38 261 54.8 8.2 11.9 1.4 S31
11 C6 1000/1 10 59 24.0 85.0 47.3 68.4 1.4 $32
12 C6 1000/1 10 61 243 87.9 42.2 59.8 1.4 $33
13 ¢7 1000/1 300 7  0.0279 10.1 n. d.l! n. d.fl n. d.fl S34
14 €7 1000/1 300 12 0.0280 17.3 n. d.f n. d.1 n. d.1 S35
15 C8 1000/1 300 80 1.34 115.3 45.7 69.4 1.5 S36
16 €8 1000/1 300 77 1.31 111.0 34.7 53.4 1.5 S37
17 FeClz 1000/1 300 16 0.0871 23.1 n. d.l! n. d.fl n. d.fl S38
18 FeCl> 1000/1 300 13 0.0701 18.7 n. d.f n. d.1 n. d.1 $39
19 none n/a 300 O n/a n/a n.d.Mf n.d.Mf n.d.f S40
20 none n/a 300 O n/a n/a n.d.Mf n.d.Mf n.d.f S40

[a] Polymerization conditions: 8.00 g (55.5 mmol) recrystallized L-lactide, T =150 °C, stirring speed: 260 rpm, argon
atmosphere. [b] Conversions were determined from the *H NMR spectrum of the polymerization mixture. [c] Initial
apparent polymerization rate constant determined from the linear region of the semilogarithmic plots of In(1/(1-p))
vs. t. [d] Theoretical molar mass, Mn,theo = [M]/[I]-M(LA)-p. [e] Determined by GPC with THF as eluent. A conventional
calibration with polystyrene standards was used and the molar masses were corrected by a factor of 0.58.2% 2% [f] The
molar mass was not determined because no precipitation from EtOH at 20 °C was observed.
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Table S6: Additional polymerization experiments with [Fe(TMG,e)Cl,] (€3).1?!

No. Cat. Col/ M]/1] t PP kappl  Mhtheod  Mn MW MW/ Fig.
Additive /[Col] [min] [%] [10* [kg:mol™'] [kg: (ke Mile)
s mol?] mol?]
1 FeCl. TMGze 1000/1/1 60 25 1.22 36.0 3.0 3.5 1.2 S41
2 c3 pMeBnOH  1000/1/1 60 63 10.1 45.4 33.7 41.8 1.2 S42
3 c3 TMG:ze (L3) 1000/1/1 60 45 19.8 64.9 8.1 11.2 1.4 S43
4 c3 FeCl2 1000/1/1 60 76  8.79 109.5 67.7 1040 1.5 S44
5 - TMGze 1000/1 60 11 0.0351 15.9 n.dfl ndft ndlfl s45
6 c3 - 500/1 60 80 14.8 57.7 46.2 65.5 1.4 S46

[a] Polymerization conditions: 8.00 g (55.5 mmol) recrystallized L-lactide, T =150 °C, stirring speed: 260 rpm, argon
atmosphere. [b] Conversions were determined from the *H NMR spectrum of the polymerization mixture. [c] Initial
apparent polymerization rate constant determined from the linear region of the semilogarithmic plots of In(1/(1-p))
vs. t. [d] Theoretical molar mass, Mntheo = [M]/[I]-M(LA)-p. For polymerizations involving a co-initiator: Mntheo =
[M]/([Coll+[I])-M(LA)-p. FeCl, was not considered as a co-initiator. [e] Determined by GPC with THF as eluent. A con-
ventional calibration with polystyrene standards was used and the molar masses were corrected by a factor of 0.58.2%
24 [f] The molar mass was not determined because no precipitation from EtOH at 20 °C was observed.

Table S7: Experiments for the k, determination with [Fe(TMGepy)Cl,] (C6).?

No. Cat. [M]/[I] t P! kapp!® Mhatheo  Mile] M te! Mw/  Fig.
[min] [%] [10%s] [kg:mol?] [kg:mol?] [kg'mol?] Myl

1 €6 1000/1 10 59 24.0 85.0 47.3 68.4 1.4 $32
2 €6 1000/1 10 61 243 87.9 42.2 59.8 1.4 533
3 € 1250/1 30 59 16.6 106.3 41.1 63.2 1.5 s47
4 €6 1500/1 30 46 125 99.4 33,5 46.8 1.4 548
5 €6 2000/1 60 44 847 126.8 29.9 44.8 1.5 549
6 €6 5000/1 60 12 0.589 86.5 n. d.l! n. d.l! n.d.fl s50
7 €6 5000/1 60 12 0714 865 n. d.f n. d.f n.d.fM s51

[a] Polymerization conditions: 8.00 g (55.5 mmol) recrystallized L-lactide, T =150 °C, stirring speed: 260 rpm, argon
atmosphere. [b] Conversions were determined from the *H NMR spectrum of the polymerization mixture. [c] Initial
apparent polymerization rate constant determined from the linear region of the semilogarithmic plots of In(1/(1-p))
vs. t. [d] Theoretical molar mass, M theo = [M]/[1]-M(LA)-p. [e] Determined by GPC with THF as eluent. A conventional
calibration with polystyrene standards was used and the molar masses were corrected by a factor of 0.58.2% 24 [f] The
molar mass was not determined because no precipitation from EtOH at 20 °C was observed.
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Table S8: Additional experiments with C4 and C6 at different temperatures and varying lactide purities.?!

No. Cat. [M]/[l] t T p[b] kapp[c] Mn,theo[d] Mn[e] Mw[e] Mw/ Flg
[min] [°C] [%] [10*s'] [kg:mol] [kg'mol'] [kg:mol?l] My

1% c4 1000/1 60 150 49 423 70.6 17.8 24.9 1.4  S52
21 ¢c6  1000/1 10 150 67 24.8 96.6 55.1 82.1 1.5 S53
3 €6 1000/1 10 135 16 4.40 23.1 19.9 29.7 1.5 S54
4 €6 1000/1 10 180 71 398 102.3 42.8 63.0 1.5  S55
5 €6 2000/1 60 180 65 22.1 187.4 26.2 40.8 1.6  S56
61 €6 2000/1 60 150 60 11.4 173.0 57.5 86.7 1.5  S57
78 €6  2000/1 60 150 63 6.89 181.6 29.1 47.8 1.6  S58

[a] Polymerization conditions: 8.00 g (55.5 mmol) recrystallized L-lactide, T= 150 °C, stirring speed: 260 rpm, argon
atmosphere. [b] Conversions were determined from the H NMR spectrum of the polymerization mixture. [c] Initial
apparent polymerization rate constant determined from the linear region of the semilogarithmic plots of In(1/(1-p))
vs. t. [d] Theoretical molar mass, Mn,theo = [M]/[I]-M(LA)-p. [e] Determined by GPC with THF as eluent. A conventional
calibration with polystyrene standards was used and the molar masses were corrected by a factor of 0.58 2324 [f] L-
lactide was recrystallized from toluene and subsequently sublimated. [g] Technical-grade rac-lactide was used with-
out further purification.

Table S9: Polymerization experiments with [Fe(TMGepy)Cl,] (C6) with co-initiator."

No. Cat. Col/ [MI/11] t p® kapp!® Mhatheol®  Mle] Mute! Mw/  Fig.
Additive /[Col] [min] [%] [10%s"] [kg'mol'] [kg-mol?] [kg:mol?'] My

1 Cé6 pMeBnOH 2000/1/1 60 68 17.8 98.0 68.3 92.5 1.4 S59

2 cé6 pMeBnOH 2000/1/4 60 75 27.8 43.2 48.7 60.9 1.3 S60

3 Cé6 pMeBnOH 5000/1/5 60 34  6.02 40.8 26.9 324 1.2 S61

4 Cé6 FeCl> 2000/1/1 60 65 11.0 187.4 68.5 97.9 1.4 S62

[a] Polymerization conditions: 8.00 g (55.5 mmol) recrystallized L-lactide, T =150 °C, stirring speed: 260 rpm, argon
atmosphere. [b] Conversions were determined from the *H NMR spectrum of the polymerization mixture. [c] Initial
apparent polymerization rate constant determined from the linear region of the semilogarithmic plots of In(1/(1-p))
vs. t. [d] Theoretical molar mass, Mntheo=[M]/[I]:M(LA)-p. For polymerizations involving a co-initiator:
M theo = [M]/([Col]+[I])-M(LA)-p. FeCl, was not considered as a co-initiator. [e] Determined by GPC with THF as eluent.
A conventional calibration with polystyrene standards was used and the molar masses were corrected by a factor of
0.58.2%%

23



Electronic Supplementary Information (ESI)

4.2 Determination of Conversion by 'H NMR Spectroscopy

The conversion of lactide was determined by *H NMR spectroscopy as depicted in Fig. S21. The integrals of
the methine signals of the monomer (1’) and the polymer (1) were used.

//
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Fig. S21: *H NMR spectrum (CDCls) of the polymerization of L-lactide (LLA) with C6 ([LLA]/[C6] = 1000:1,
10 min, 150 °C, conversion: 59%, see Table S5, Entry 11).
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4.3 Semilogarithmic Plots for the Determination of ki,

4.3.1 General Remarks on the Analysis of Polymerization Kinetics

All polymerization experiments were monitored by in-situ Raman spectroscopy. The interval of the record-
ing ranged from 15 s to 1 min depending on the polymerization rate. The integral of the lactide (LA) modes
(624-713 cm™) was used for the determination of the conversion p by comparing the current integral of
the lactide mode Int(LA): at time t with the integral at the beginning of the polymerization Int(LA)o (t =0 s):

Int(LA),
Int(LA),

For pseudo first order reaction kinetics the apparent rate constant kap, is determined by plotting In(1/(1-p))
(= In(Int(LA)o/Int(LA)¢) versus t. In the following, all semilogarithmic plots of the polymerization experi-
ments from Tables S5-59 are depicted (see Section 4.1). The initial kapp Values were determined from the
initial data points that are in accordance with a linear fit. All data points considered for the linear regression
are depicted in blue color and points that were not considered are in gray color. The regression line is
displayed in red color. The time range used for the linear regression, the regression line equation and the
coefficient of determination (R?) are indicated at the plots.

The experiments conducted without any catalyst (see Table S5 Entries 19—-20 and Fig. S40) indicate that
even when no catalyst is applied an initial increase of the conversion p is observable. The *H NMR spectrum
of these experiments shows no conversion after 5 h at 150 °C. Therefore, the observed initial increase is
not due to a polymerization but to the melting of lactide until it is equally distributed in the reactor. How-
ever, this affects only experiments with low polymerization rates caused by high [M]/[l] ratios or low cat-
alyst activities. For these experiments, the first three data points collected were omitted for the determi-
nation of the linear regression. Moreover, for the experiments conducted without catalyst fluctuations on
In(1/(1-p)) in the range of +0.02 [a. u.] occurred. This effect is mainly visible for polymerizations with very
low polymerization rates.

During some experiments, saturation effects occurred due to a dark coloration of the polymer melt. This
led to a plateau-like region in the plot. The respective data points were neglected.
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4.3.2 Screening of Catalysts (Table S5)

0.2

In(1/(1-p)) = 5.83 - 10€ s - t + 0.0406

R2 =0.931
Range: 45s-17986 s

In(1/(1-p)) []

0.0 ’ T . T . T
0 5000 10000 15000
tls]

Fig. S22: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMG,b)Cl;] /
[Fe(TMG3b)Cl;]-1.5MeCN (€1/C1-1.5MeCN) ([LLA]/[C1] = 1000:1, 150 °C, 5 h, see Table S5 Entry 1). The ex-
act [M]/[1] ratio is not known since the complex can crystallize as an acetonitrile solvate and the synthesis
was not selective. The [M]/[l] ratio was calculated for the acetonitrile-free species C1. The fluctuations
found in the plot are normal for experiments with low polymerization rates that are close to the signal-to-

noise limit.
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Fig. S23: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMG:b)Cl,] (C1)/
[Fe(TMG3b)Cl;]-1.5MeCN (C1-1.5MeCN) ([LLA]/[C1] = 1000:1, 150 °C, 5 h, see Table S5 Entry 2). The accu-
rate [M]/[I] ratio is not known since the complex can crystallize as an acetonitrile solvate and the synthesis
was not selective. The fluctuations found in the plot are normal for experiments with low polymerization

rates that are close to the signal-to-noise limit.
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Fig. S24: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMG,n)Cl;] (C2)
([LLA]/[C2] = 1000:1, 150 °C, 5 h, Table S5 Entry 3).
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Fig. $25: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMG2n)Cl;] (C2)
([LLA]/[€2] =1000:1, 150 °C, 5 h, Table S5, Entry 4). The fluctuations found in the plot are due to saturation
effects caused by the dark coloration of the reaction mixture.
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Fig. $26: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGe)Cl;] (C3)
([LLA]/[€3] =1000:1, 150 °C, 1 h, see Table S5 Entry 5).
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Fig. $27: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMG,e)Cl;] (C3)
([LLA]/[€3] =1000:1, 150 °C, 1 h, see Table S5 Entry 6).
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Fig. S28: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMG,p)Cl;] (C4)
([LLA]/[C4] = 1000:1, 150 °C, 1 h, see Table S5 Entry 7).
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Fig. $29: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMG2p)Cl;] (C4)
([LLA]/[€4] =1000:1, 150 °C, 1 h, see Table S5 Entry 8).
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Fig. S30: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGpy),CI]CI (C5)
([LLA]/[€5] =1000:1, 150 °C, 1 h, see Table S5 Entry 9). The fluctuations found in the plot are due to satu-
ration effects caused by the dark coloration of the reaction mixture.
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Fig. $31: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGpy),CI]CI (C5)
([LLA]/[€5] =1000:1, 150 °C, 1 h, see Table S5 Entry 10). The fluctuations found in the plot are due to sat-
uration effects caused by the dark coloration of the reaction mixture.
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Fig. S32: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl.] (C6)
([LLA]/[C6] = 1000:1, 150 °C, 10 min, see Table S5 Entry 11). The discontinuity at the end of the measure-
ment is due to the high viscosity of the polymer melt and the resulting limited mixing.
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Fig. $33: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl,] (C6)
([LLA]/[C6] = 1000:1, 150 °C, 10 min, see Table S5 Entry 12).
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Fig. S34: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(DMEG:b)Cl,] (C7)
([LLA]/[€7] = 1000:1, 150 °C, 5 h, see Table S5 Entry 13). The experiment shows a very low polymerization
rate and the recorded data is close to the signal-to-noise limit.
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Fig. S35: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(DMEG:b)Cl,] (C7)

([LLA]/[€7] =1000:1, 150 °C, 5 h, see Table S5 Entry 14). The experiment shows a very low polymerization
rate and the recorded data is close to the signal-to-noise limit.
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Fig. S36: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(DMEG:n)Cl,] (C8)
([LLA]/[C8] = 1000:1, 150 °C, 5 h, see Table S5 Entry 15).
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Fig. $37: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(DMEG;n)Cl,] (C8)
([LLA]/[€8] =1000:1, 150 °C, 5 h, see Table S5 Entry 16)
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Fig. $38: Semilogarithmic plot for the polymerization of recrystallized L-lactide with FeCl,

([LLA]/[FeCl,] = 1000:1, 150 °C, 5 h, see Table S5 Entry 17). The experiment shows a very low polymeriza-
tion rate and the recorded data is close to the signal-to-noise limit.
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Fig. $39: Semilogarithmic plot for the polymerization of recrystallized L-lactide with FeCl,
([LLA]/[FeCl,] = 1000:1, 150 °C, 5 h, see Table S5 Entry 18). The experiment shows a very low polymeriza-
tion rate and the recorded data is close to the signal-to-noise limit.
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Fig. S40: Semilogarithmic plot of the experiments without catalyst (only recrystallized L-lactide, 150 °C, 5 h,
see Table S5 Entries 19 and 20). Both plots exhibit fluctuations and show slopes lower than 1:10°® s* indi-
cating that kapp values below 1:10° s are in general negligible. Fluctuations of In(1/(1-p)) in the range of
+0.02 [a.u.] are inevitable. An initial increase of the apparent conversion is even observed for pure L-lactide
which is due to the melting of lactide. However, this is not due to polymerization as proven by the *H NMR

spectrum.
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4.3.3 Additional Polymerization Experiments with [Fe(TMG,e)Cl;] (C3) (Table S6)
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Fig. S41: Semilogarithmic plot for the polymerization of recrystallized L-lactide with FeCl, and TMG.e (L3)
([LLA]/[FeCl,]/[TMG2e] = 1000:1:1, 150 °C, 1 h, see Table S6 Entry 1).
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Fig. S42: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGe)Cl;] (C3)
and para-methyl benzyl alcohol ([LLA]/[C3]/[pMeBnOH] = 1000:1:1, 150 °C, 1 h, see Table S6 Entry 2).
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Fig. S43: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGze)Cl;] (C3)
and TMG.e ([LLA]/[C3]/[TMG,e] = 1000:1:1, 150 °C, 1 h, see Table S6 Entry 3).
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Fig. S44: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGze)Cl;] (C3)
and FeCl; ([LLA]/[C3]/[FeCl;] = 1000:1:1, 150 °C, 1 h, see Table S6 Entry 4). The fluctuations are due to the
high viscosity of the polymer melt and the resulting limited mixing.
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Fig. $45: Semilogarithmic plot for the polymerization of re

(L3)([LLA]/[TMGze] = 1000:1, 150 °C, 1 h, see Table S6 Entry 5). The plot shows strong fluctuations of the
conversion and can only be analyzed inaccurately which is due to a low conversion of only 11% after 1 h

as determined by *H NMR.

crystallized L-lactide with ligand TMGze

25
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Fig. S46: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMG2e)Cl;] (C3)

([LLA]/[€3] =500:1, 150 °C, 1 h, see Table S6 Entry 6)
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4.3.4 Polymerization Experiments for the k, Determination for [Fe(TMGepy)Cl.] (C6) (Table S7)

The concentration-independent rate constant k, was determined by plotting the kipp values versus the
catalyst concentration (see main paper). The catalyst concentration [C6] was calculated using the density
of liquid lactide at 150 °C (§(LA, 150 °C) = 1.138 g mL?) as given in literature %. The semilogarithmic plots
for the determination of the initial kapp values at different catalyst concentrations are displayed in Fig. S32
and S33 ([LLA]/[C6] = 1000:1) and S47-S51 ([LLA]/[C6] = 1250:1, 1500:1, 2000:1 and 5000:1). For [LLA]/[C6]
ratios of 1500:1 and higher, the first data points were omitted because the increase due to the melting of
lactide surpasses the reaction rate and would therefore distort the determined initial kapp values (see
Fig. S40). Both end points ([LLA]/[C6] ratios of 1000:1 and 5000:1) were determined in duplicate.

2.0
In(1/(1-p)) = 1.66 - 10° s - t- 0.0148
1 R?=0.994

Range: 0s-391s

1.5 4

1.0 4

In(1/(1-p)) [ ]

T T T T T
500 1000 1500
t[s]

Fig. S47: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl.] (C6)
([LLA]/[C6] = 1250:1, 150 °C, 30 min, see Table S7 Entry 3). The discontinuity of the plot is caused by the
high viscosity of the polymerization mixture and the resulting limited mixing.
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Fig. $48: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl,] (C6)
([LLA]/[€6] = 1500:1, 150 °C, 30 min, see Table S7 Entry 4).
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Fig. S49: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl.] (C6)
([LLA]/[C6] = 2000:1, 150 °C, 60 min, see Table S7 Entry 5).
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Fig. $50: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl,] (C6)
([LLA]/[C®6] = 5000:1, 150 °C, 60 min, see Table S7 Entry 6).
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Fig. S51: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl.] (C6)
([LLA]/[C6] = 5000:1, 150 °C, 60 min, see Table S7 Entry 7). The fluctuations between 466 s and 600 s are
likely due to uneven mixing of the melt. Therefore, strongly deviating points were neglected for the linear

regression.
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4.3.5 Additional Polymerization Experiments with C4 and C6 at Different Temperatures and Varying Lac-
tide Purities (Table S8)

1.0
In(1/(1-p)) = 4.23 - 103 s - t- 0.0380
R? =0.967
084 Range: 15s-76s
=06
E
= 0.4
0.2 -
0.0+ T T T T T T
0 1000 2000 3000

t[s]

Fig. $52: Semilogarithmic plot for the polymerization of sublimated L-lactide with [Fe(TMG2p)Cl;] (C4)
([LLA]/[€4] =1000:1, 150 °C, 1 h, see Table S8, Entry 1).

In(1/(1-p)) = 2.48 - 10° s - t- 0.0473
1 R?=0.997
Range: 0s-432s

In(1/(1-p)) [

600

t[s]

Fig. $53: Semilogarithmic plot for the polymerization of sublimated L-lactide with [Fe(TMGepy)Cl,] (C6)
([LLA]/[€6] = 1000:1, 150 °C, 10 min, see Table S8 Entry 2). The fast increase after 432 s is due to the high
viscosity of the polymer melt and uneven mixing.
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Fig. S54: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl.] (C6)
(IM]/[1] = 1000:1, 135 °C, 10 min, see Table S8 Entry 3).

1.6
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Fig. S55: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl.] (C6)
([LLA]/[C6] = 1000:1, 180 °C, 10 min, see Table S8 Entry 4).
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Fig. $56: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl,] (C6)
([LLA]/[C6] = 2000:1, 180 °C, 10 min, see Table S8 Entry 5).
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Fig. S57: Semilogarithmic plot for the polymerization of sublimated L-lactide with [Fe(TMGepy)Cl;] (C6)
([LLA]/[€6] = 2000:1, 150 °C, 1 h, see Table S8 Entry 6). The discontinuity is due to the high viscosity of the
polymerization mixture and the resulting limited mixing.
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Fig. $58: Semilogarithmic plot for the polymerization of technical-grade rac-lactide with [Fe(TMGepy)Cl;]
(C6) ([rac-LA]/[C6] = 2000:1, 150 °C, 1 h, see Table S8 Entry 7).

45



Electronic Supplementary Information (ESI)

4.3.6 Polymerization Experiments with C6 and Co-Initiator (Table S9)

3
In(1/(1-p)) = 1.78 - 103 s™ - t + 0.0002
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0 I . I .
0 500 1000 1500
t[s]

Fig. $59: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl,] (C6)
and co-initiator para-methyl benzyl alcohol ([LLA]/[C6]/[pMeBnOH] = 2000:1:1, 150 °C, 1 h, see Table S9
Entry 1). The discontinuity and the fluctuations are due to the high viscosity of the polymer melt and the

resulting limited mixing.
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Fig. S60: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl,] (C6)
and co-initiator para-methyl benzyl alcohol ([LLA]/[C6]/[pMeBnOH] = 2000:1:4, 150 °C, 1 h, see Table S9
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Entry 2). The discontinuity is due to the high viscosity of the polymerization mixture and the resulting lim-

ited mixing.
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In(1/(1-p)) =6.02 - 10* s - t + 0.0406
R? =0.985
0.4 Range: 41s-207 s
=03
2
=02+
0.1+
0.0 T T T T T T
0 1000 2000 3000

t[s]

Fig. S61: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl,] (C6)
and co-initiator para-methyl benzyl alcohol ([LLA]/[C6]/[pMeBnOH] = 5000:1:5, 150 °C, 1 h, see Table S9

Entry 3).

47



Electronic Supplementary Information (ESI)

3
In(1/(1-p)) = 1.10 - 103 s - t- 0.0283
| R? = 0.996
Range 0s-781s
l—|2—
2
£
14
0 T T T T ¥
0 500 1000 1500
t[s]

Fig. $62: Semilogarithmic plot for the polymerization of recrystallized L-lactide with [Fe(TMGepy)Cl,] (C6)
and FeCl, ([LLA]/[C6]/[FeCl,] = 2000:1:1, 150 °C, 1 h, see Table S9 Entry 4). The discontinuity and the strong
fluctuations are due to the high viscosity of the reaction mixture and the resulting limited mixing.
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5 DSC

Table $10: DSC Results for PLA synthesized with [Fe(TMGepy)Cl,] (C6).?!

No. Experiment [LLA]/[C6]/[pMeBnOH] Tg [°C]®' Tm[°C] AHm[)-g' Fi

g.
(Section 4.1)

1 Table S5 Entry 11 1000/1/- 59.1 172.7  38.00 S63
2 Table S9 Entry 1~ 2000/1/1 61.4 1714  42.67 S64
3 Table S9 Entry 2 2000/1/4 61.2 1694 38.54 S65

[a] Determined from the second heating/cooling cycle. [b] Inflection point.

DSC /(mW/mg)
08 L exo Peak: 172.7 °C; 0.7855 mW/mg
) Glass Transition:
Mid: 58.3°C )
Inflection: 59.1°C Area: 38 Jig
0.61 Tf: 58.0°C

Delta Cp* 0.111 JI(@*K)

0.4 1

0.2 1

0.0

Peak: 109.2 °C; -0.4879 mW/mg

-0.2

04

20 40 60 80 100 120 140 160 180 200
Temperature /°C

Main 2023-07-10 11:06 User: DSC

:Inslrument: METZSCH DSC 204F1 Phoenix File : Method : CC-3h-isotherm-200-3-Zyklen

Project : Operator : Corr.jtemp.cal : == 27-06-2023 09:15 Segments : 11

Identity : Sample : 64mg Sens.file : 11-11.2022 12:02 Crucible :  Standard Al 25 pl, pierced lid

Date/time :  03.07.2023 09:12:58 Reference : Sample car./TC : DSC 204F1 m-sensor [ K Atmosphere : N2, 40.0mlimin / N2, 60.0mlimin
Laboratory : Material : Modeftype of meas. : DSC / Sample M. range : 5000 pv

[# Type Range Acq.Rate sTC AC P2:N2 PG:N2 Corr. [#] Type Range Acq.Rate 8TC AC P2:N2 PG:N2 Corr.
[1.5] Dynamic 20°C/10.0{K/min)/200°C 300.00 1a 1 400 60.0 === 1.6] Dynamic 200°C/M10.0(Kimin)/20°C 300.00 1a 1 400 600

Created with NETZSCH Profeus soffware

Fig. S63: DSC results for PLA synthesized with [Fe(TMGepy)Cl,] (C6, [LLA]/[C6] = 1000:1, 150 °C, 1 h, see
Table S5 Entry 11). The second heating/cooling cycle is depicted.
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DSC /{(mW/mg)

| exo Peak: 171.4 °C; 1.1 mW/mg

1.04

Glass Transition:

Mid: 59.6 °C

Inflection: €61.4 °C

Tf. 58.4°C Onset: 165.6 °C

Area: 42.67 Jig
0.5+ Delta Cp™  0.150 Ji{g™K)

0.01"¢

-0.5 1 )
Peak: 125.3 °C; -0.7567 mW/mg

20 40 60 80 100 120 140 160 180 200
Temperature /°C
Main 2023.07-10 11:21 User: DSC
|Instrument : NETZSCH DSC 204F1 Phoenix File : Method : CC-3h-isotherm-200-3-Zyklen
Iiject : Operator : Corr.itemp.cal : - | 27-06-2023 08:15 Segments : 11
Identity : Sample : 5.2mg Sens.file : 11-11-2022 12:02 Crucible : Standard Al 25 ul, pierced lid
Dateltime :  05.07.2023 08:22:10 Reference : Sample carJTC : DSC 204F1 m-sensor | K Atmosphere : N2, 40.0mlimin / N2, 80.0ml/min
|Laboratory : Material : Modeitype of meas. : DSC/ Sample M. range : 5000 pv
[# Type Range Acq.Rate STC AC P2:N2 PG:N2 Corr, [#] Type Range Acq.Rate 8TC AC P2:N2 PG:N2 Corr.
|[1.5] Dynamic 20°C/10.0(K/min}i200°C  300.00 1a i 400 600 |— [1.6] Dynamic  200°C/A10.0{Kimin)20°C _ 300.00 1a 1 400 60.0

Created with NETZSCH Proteus saftware

Fig. S64: DSC results for PLA synthesized with [Fe(TMGepy)Cl,] (C6) and co-initiator pMeBnOH
([LLA]/[C6]/[pMeBNnOH] = 2000:1:1, 150 °C, 1 h, see Table S9 Entry 1). The second heating/cooling cycle is
depicted.
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DSC /(mW/mg)
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Peak: 99.8 °C; -0.3883 mW/mg

20 40 60 80 100 120 140 160 180 200

Temperature /°C

Main 2023-07-10 11:08 User: DSC

:Inslrumenl: METZSCH DSC 204F 1 Phoenix File : Method : CC-3h-isotherm-200-3-Zyklen

Project : Operator : Corr.temp.cal : - | 27-06-2023 089:15 Segments: 11

Identity : Sample : 5.0 mg Sens.file : 11-11-2022 12:02 Crucible : Standard Al 25 pl, pierced lid

Dateltime :  07.07.2023 08:09:06 Reference : Sample carJTC : DSC 204F1 m-sensor | K Atmosphere : N2, 40.0mlimin / N2, 60.0ml/min
|Laboratory : Material : Modeltype of meas. : DSC/ Sample M. range : 5000 pv

[#) Type Range Acq.Rate 5TC AC P2:N2 PG:N2 Corr. [#] Type Range Acq.Rate 8TC AC P2:N2 PG:N2 Corr.
|[1.5) Dynamic _ 20°C/10.0(K/min)200°C _ 300.00 a1 400 800 [1.6] Dynamic __ 200°C/10.0({K/miny20°G _ 300.00 1a 1 400 60.0

" Crealed with NETZSCH Proteus software

Fig. S65: DSC results for PLA synthesized with [Fe(TMGepy)Cl,] (C6) and co-initiator pMeBnOH
([LLA]/[C6]/[pMeBNnOH] = 2000:1:4, 150 °C, 1 h, see Table S9 Entry 2). The second heating/cooling cycle is
depicted.
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6 MALDI-TOF-MS End Group Analysis

6.1 Preparation of MALDI-TOF-MS Samples

Inside a nitrogen-filled glovebox, recrystallized L-lactide (600 mg, 4.16 mmol, 100 equiv), the catalyst C6
(14.5 mg, 0.0416 mmol, 1.00 equiv) and, if appropriate, pMeBnOH (5.1 mg, 0.042 mmol, 1.0 equiv) were
homogenized in a mortar for 10 min. The mixture was transferred to a Schlenk-tube, the tube was sealed
with a Young-type lid and removed from the glovebox. Then, the tube was immerged into an oil-bath pre-
heated to 150 °C. After the desired reaction time, the Schlenk tube was cooled under a stream of cold
water. The polymer was dissolved in DCM (2 mL) and removed from the Schlenk tube. The solvent was
subsequently removed under reduced pressure and a sample (5—6 mg) for the MALDI-TOF-MS measure-
ment was taken. In total, two samples were prepared (see Table S11).

Table S11: Polymerization experiments conducted for the MALDI-TOF-MS samples.??!

No. [LLA]/[C6]/[pMeBnOH] t[min] p [%]

1 100/1/- 5 90
2 100/1/1 5 100

[a] Conditions: stirred Schlenk tube, recrystallized LLA, 150 °C.
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6.2 MALDI-TOF-MS Spectra
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Fig. S66: Excerpt of the MALDI-TOF-MS spectrum of the polymerization of recrystallized L-lactide with
[Fe(TMGepy)Cl,] (€C6) (Stirred Schlenk-tube, [LLA]/[C6] = 100:1, T = 150 °C, t = 5 min). Example calculation:

4686 = 62 x repeating unit + TMGepy + H.
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Fig. S67: Excerpt of the MALDI-TOF-MS spectrum of the polymerization of recrystallized L-lactide with
[Fe(TMGepy)Cl,] (€C6) and the co-initiator p-methyl benzyl alcohol (Stirred Schlenk-tube,
[LLA]/[C6]/[pMeBnOH] = 100:1:1, T= 150°C, t=5min). Example calculation: 4394 =59 x repeating
unit + pMeBnOH + Na.

Table S12: Results of MALDI-TOF-MS end group analysis for the polymerization with C6.

end group without co-initiator (Fig. S66) with co-initiator (Fig. S67)
TMGepy (ligand) yes yes
pMeBnOH (co-initiator) no yes
OH yes no
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7 Methanolysis of PLA

Table $13: Depolymerization experiments.

Entry Complex t[min] Xind® [%] Swetal® [%]  Ymera® [%]  kappl® [min™]  Fig.

1 c2 1440 13 5 1 n.d.ld

2 c2 1440 69 52 36 n.d.ld

3 c2 1440 26 19 5 n.d.t

4 c3 180 98 82 80 0.0235 S68
5 c3 180 99 88 87 0.0291 S68
6 c3 180 100 93 93 0.0265 S68
7 ca 180 99 89 88 0.0296 S69
8 ca 180 99 82 81 0.0315 S69
9 c5 15 100 100 100 n. d.ll

10 Cs 15 100 100 100 n. d.ll

11 c6 186 67 43 29 0.0045 S70
12 c6 180 67 42 28 0.0054 S70
131 FeCl, 360 4 0 0 n.d.

141 FeCl, 1320 21 21 4 n. d.

[a] Conditions: 250 mg PLA film (bio-mi Ltd., M, = 46.7 kg mol, My/M, = 1.5), 1 mol% catalyst (regarding
the PLA ester bonds), methanol (7.13 equiv.), THF (4 mL), T=60 °C, stirring speed: 260 rpm. [b] The con-
version of internal methine groups of PLA (Xint), the selectivity towards the product methyl lactate (Swela)
and the yield of the product (Ywmela) Were calculated from the 'H NMR spectra according to literature.3®
[c] Determined from the plot of In([Int]o/[Int]:) vs. t. Average value with standard deviation is given. [d] The
depolymerization proceeds very slow and the semilogarithmic plot is not in good accordance with a pseudo
first order reaction. Therefore, kipp Was not determined. [e] The depolymerization proceeds very fast.
Therefore, no kapp Value could be determined. [f] Entries 13 and 14 are the same experiment. The number
of data points was not sufficient for the determination of kapp.
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Fig. S68: Semilogarithmic plot of In([Int]o/[Int]:) versus t for PLA methanolysis in THF with [Fe(TMGze)Cl;]
(C3) at 60 °C (see Table S13 Entries 4-6).
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Fig. S69: Semilogarithmic plot of In([Int]o/[Int];) versus t for PLA methanolysis in THF with [Fe(TMG2p)Cl;]
(C4) at 60 °C (see Table S13 Entries 7 and 8).
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Fig. S70: Semilogarithmic plot of In([Int]o/[Int]:) versus t for PLA methanolysis in THF with
[Fe(TMGzepy)Cl,] (€C6) at 60 °C (see Table S13 Entries 11 and 12).
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8 DFT Calculations

8.1 Method

Density functional theory (DFT) calculations were performed with Gaussian 16, Revision B.01, using the
default UltraFine grid (a 99,590 grid).3” The TPSSh functional®® 3° and the Ahlrichs type basis set def2-
TZVP*42 were applied as implemented in Gaussian 16, Revision B.01%". As solvent model for MeCN, the
polarizable continuum model (PCM) was used as implemented in Gaussian 16, Revision B.01. As empirical
dispersion correction, the D3 version of Grimme’s dispersion with Becke-Johnson damping (GD3BJ) was
used as implemented in Gaussian 16, Revision B.01****°, The structure optimizations were started from the
molecular structures in the solid state. All subsequent calculations were performed based on the results of
the optimization calculations. Frequency calculations did not show imaginary values. NBO calculations
were performed using the program NBO 7.0 delivering the NBO charges and the charge-transfer energies
by second order perturbation theory.*®* For the extraction of the calculated structural information,
GaussView (Version 6.0.16) was used. The NBO results were extracted directly from the output files using
notepad++ (Version 7.8.1).

The calculations were performed for the eight complexes of this work (C1-C8) and one complexes from a
former publication of our group, namely [Fe(TMGqu)Cl,] (C9*)*. All calculations were carried out for the
high-spin state (quintet) because the complexes exhibit typical bond lengths of iron(ll) high-spin com-
plexes. The results of the calculations are summarized in Table S14. For comparison, the experimental val-
ues determined by single-crystal X-ray diffraction are given in Table S15.
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8.2 Results of DFT Calculations

Table S14: Results of DFT calculations of the herein presented iron(ll) complexes C1-C8 and the iron guan-
idine complex [Fe(TMGqu)Cly] (C9*) from a previous work* (NBO 7.0, TPSSh/def2-TZVP, GD3BJ, PCM

(MeCN)).

Cc1 Cc2 c3 ca cs#E ce Cc7 c8 Co*
RMSD!! 0.343 0.233 0.110 0.159 0.218 0.113 0.066 0.164 0.100
4l / 75l 085 085 072 0.8 061 080 086 0.85 0.82
p'e 0.98/ 0.99/ 0.96/ 097/ 097/ 097 098/ 0.98/ 0.99

098 098 096 097 0.97 0.98 0.99

NBO Charges [e units]
Fe 1.25 1.24 1.24 1.28 1.30 1.27 1.24 1.23 1.26
Ngua,1 -0.69 -0.71 -069 -0.70 -068 -0.71 -0.71 -0.71 -0.69
Neua,2 -0.69 -0.70 -0.69 -0.70 -0.68 - -0.71 -0.71 -
Npy,1/qu,1 - - - - -0.52 -0.54 - - -0.51
Npy,2 - - - - -0.52 - - - -
Ch -0.74 -0.72 -0.75 -0.75 -0.72 -0.73 -0.74 -0.72 -0.73
Clz -0.75 -0.75 -0.75 -0.76 - -0.77 -0.74 -0.75 -0.74
Charge-transfer energies [kcal mol?]
Nguas>Fe 420 471 491 433 477 523 388 448 412
Nguwa2>Fe 421 474 491 432 472 - 39.0 474 -
Noy/qui>Fe — - - - 400 414 - - 42.7
Npy,2> Fe - - - - 39.9 - - - -
Cli=>Fe 93.3 100.2 84.8 833 954 954 903 975 96.7
Cla>Fe 855 838 848 804 - 76.0 903 868 88.5
Bond lengths [A]

Fe—Ngua,1 2.068 2.038 2.067 2.058 2.094 2.020 2.066 2.042 2.076
Fe—Ngua,2 2.068 2.045 2.067 2.058 2.092 - 2.066 2.035 -
Fe—Npy2/qur  — - - - 2179 2130 - - 2.113
Fe—Npy,2 - - - - 2182 - - - -
Fe—Cly 2.285 2.288 2.312 2324 2.331 2.288 2.296 2.288 2.275
Fe—Cl2 2306 2319 2312 2309 - 2326 2.296 2.318 2.282

[a] Calculation was performed for the complex cation [Fe(TMGpy).Cl]* (C5#). [b] Root-mean-square devia-
tion compared to the molecular structure experimentally determined by single-crystal X-ray diffraction.
Calculated with the program Mercury.*® [c] T4 = [360°—(a+8)]/141°; a and 8 are the largest angles in a com-
plex with a fourfold coordinated metal center.! [d] ts= (8-a)/60°; a and 8 are the largest angles in a com-
plex with a fivefold coordinated metal center with 8 > a.>? [e] Degree of delocalization within the guanidine
moiety p = 2a/(b+c) with a = d(C=Ngu.) and b,c = d(C—Namine).>*
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Table S15: Experimental bond lengths and structure parameters of complexes C1—C8 and the iron guani-
dine complex [Fe(TMGqu)Cl,] (C9*) from a previous work®.

C1 Cc2 c ca c5 C6 c7 c8 co*lal

Structure Parameters

/1 0.89 0.90 0.73 0.81 0.68 0.85 0.88/0.88 0.84 0.83
p'd 0.98/ 0.98/ 0.96/ 0.97/ 0.98/ 0.98 0.99/ 0.97/ 0.99
0.98 0.99 0.96 0.97 0.96 1.01 0.99
0.97/
0.97

Bond lengths [A]

Fe—Ngw1 2.093(1) 2.051(2) 2.084(1) 2.055(2) 2.092(3) 2.021(3) 2.076(3)/  2.054(1) 2.069(2)
2.073(3)
)
)

Fe-Ngus, 2.068(1) 2.052(2) 2.084(1) 2.054(1) 2.072(2) - 2.073(3)/  2.036(1) -
2.073(3

Fe-Np2 - - - - 2.218(3) 2.120(3) - - 2.086(2)

Fe-Np2 - - - - 2.213(3) - - - -

Fe—Cl 2.269(1) 2.262(1) 2.286(1) 2.331(1) 2.327(1) 2.289(2) 2.261(2)/ 2.264(1) 2.240(1)
2.266(2
Fe—Cl, 2.278(1) 2.285(1) 2.286(1) 2.289(1) - 2.253(2) 2.245(2)/ 2.276(1) 2.252(1)

)
)
)
2.266(2)

[a] t2 = [360°—(a+B)]/141°; a and B are the largest angles in a complex with a fourfold coordinated metal
center.’! [b] ts= (8-a)/60°; a and 8 are the largest angles in a complex with a fivefold coordinated metal
center with 8 > a.>? [c] Degree of delocalization p = 2a/(b+c) with a = d(C=Nga) and b,c = d(C—Namine).>*
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