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Experimental

Materials. All the solvents; MeOH, Acetone and Chloroform were used as received. All the reagents &-
caprolactone (CL, 97 %, Sigma Aldrich Sweden), methanesulfonic acid (MSA, 99.5 % Sigma Aldrich
Sweden) was used as received. Lignoboost Kraft lignin were kindly provided by Stora Enso.

Methods. Nuclear Magnetic Resonance (NMR). tH, 31P, and 2D heteronuclear single quantum coherence
(HSQC) results were recorded at room temperature on a Bruker Avance Il HD 400 MHz instrument with
a BBFO probe equipped with a Z-gradient coil for structural analysis. Data were processed with
MestreNova (Mestrelab Research) software using a 90° shifted square sine-bell apodization window;
baseline and phase correction were applied in both directions. 3P NMR samples were prepared and
analyzed according the procedure reported by Argyropolous and others.=3

Gel permeation chromatography (GPC) was performed with a TOSOH EcoSEC HLC-8320GPC system
equipped with an EcoSEC RI detector and three PSS PFG 5 um columns (microguard, 100 A, and 300 A).
Poly(methyl methacrylate) (PMMA) standards were used for calibration and toluene was used as
internal standard.

Procedures.
Fractionation protocol.
The fractionation procedure was performed in accordance to previous work by Duval and others.**®

Synthesis of 2-allyloxmethy-2-ethyltrimethylene carbonate (AOMEC)
The monomer was synthesized via ring-closing depolymerization according to previously reported
protocol.”®

Star-Copolymers based on Lignin, AOMEC and e-Caprolactone

All the reactions were performed at ambient temperatures in a 50 ml round bottom flask under
magnetic stirring under air if not otherwise stated. In a typical reaction; the freeze-dried methanol
fraction derived from the Lignoboost process (1 g) was dissolved in the desired amounts of e-
caprolactone (eCL) (3g, 26 mmol) and 2-allyloxmethy-2-ethyltrimethylene carbonate (AOMEC) (1g, 5
mmol). The reaction flask was shaken for 5 min, and let to equilibrate for 25 min, followed by addition of
methanesulfonic acid (0.1 g, 1 mmol). The reaction was left for 18 h at ambient temperature under air.
After 18 h a sample was collected and terminated with excess of triethylamine (TEA) to determine the
crude conversion. The copolymer was dissolved in CHCl; and precipitated in MeOH. The total amount of
product was 3.8 g, giving the total yield of 76 % The solute was concentrated under air and the
molecular weight of both the crude, solute and precipitate was determined by GPC in DMF using PMMA
standards.

Crude polymerization of Star-Copolymers based on Lignin, e-Caprolactone and AOMEC

The aforementioned procedure was modified to circumvent the use of; chlorinated solvents, the
precipitations step and the use of triethylamine. The polymerization was conducted under the same
conditions as before for all the different fractions derived from the Lignoboost process. The
terminations was achieved with addition of sodium acetate (0.24 g, 3 mmol) dissolved in 5 ml of MeOH.
The mixture was left to evaporate and the star polymer was used crude in the following step.



Thermally initiated Thiol-Ene crosslinking

The resins where prepared in accordance to earlier work.® Typically Trimethylolpropane tris(3-
mercaptopropionate) (3MP3 TMP) and a lignin star-copolymer where added to a vial with a 1:1
stoichiometric ratio between thiol and ene functional groups (7,53 mmol/g thiols/gcossinker & 1 mmol/g
enes/Mgar copolymer)- A few drops of EtOAc and CHCl; were added to the mixture to ensure dissolution and
ease a homogenous mixing of the resin. When the resin had been thoroughly dissolved, a pipette was
used to transfer the solution to teflon molds. The solvent was left to evaporate and placed in an oven,
heated to 125 °C and left to cure over 22 hours. When the curing had taken place the samples where let
to cool down to room temperature before carefully being removed from the mold
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Figure S1. Full HSQC NMR spectra in DMSO
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Figure S2. Crude 'H NMR before precipitation
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Figure S3. 'H NMR after precipitation
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Figure S4. 'H NMR on the solute
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Figure S5. 'H NMR on the copolymer between AOMEC and £CL and the methanol fraction of ligno-boost
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Figure S6. 'H NMR for determination of the lignin content in the copolymer
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Figure S7. 'H NMR for determination of the lignin content in the copolymer”
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Figure S8. 'H NMR for determination of the lignin content in the copolymer



a0
80
10wt?% Lignin
Crude 70
&0
30
40
30
20
10
0
A
8 = 10
¥ T ¥ T T T L T T T s T T T L T x T T ¥ T ' T
74 7.2 7.0 6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6
1 (ppm) o
Figure S9. 'H NMR for determination of the lignin content in the copolymer
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Figure $10. 'H NMR for determination of the lignin content in the copolymer
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Figure S11. 'H NMR for determination of the lignin content in the copolymer
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Figure S12. 'H NMR for determination of the allyl content in the copolymer with -Nitrobenzaldehyde as
internal standard
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Figure $13. 'H NMR for determination of the allyl content in the copolymer with -Nitrobenzaldehyde as
internal standard
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Figure S14. DSC curves of the copolymer based on the acetone fraction
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Figure S15. DSC curves of the copolymer based on the methanol fraction
“endo
Wgn-1 ] Sample: PO_EtOH, 8,4000 mg
7| sample: PO_EtOH, 8,4000 mg Integral
-2 normalized
4 Peak 12,24 °C Peak
o al F s
n.-;: I‘.
7 Glass Transiten | P m—
Onset 85,11 °C : — T
7 midpaint 150 ”EQ""’ 7 s
0. 7 mflect. pr. normalized - k: t( ——
7 tollect S = Peak -3,00 °C /
] e :
0.2+ &
g |
0,24 |
] T e |
i - |
0,3 T ee—— = L
—0,4:
-80 -70 -&0 -50 -40 -30 -20 -10 o 10 20 30 40 50 &0 70 80 20 100 110 120 130 °C
Lab: METTLER STAR® SW 15.00

Figure S16. DSC curves of the copolymer based on the ethanol fraction
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Figure S17. DSC curves of the copolymer based on the ethyl acetate fraction

Scheme S1 Mechanistic explanation to the presence of aryl-OH

H. R

(0] Pka =10

Better leaving group

o] H
%‘/\/\/\O o O\H
// \\ O n // \\
o Pka =16
e) Worse leaving grou
o H y g group
Ny - o ~0

~
~



Start

‘ After J

4000 3500 3000 2500 2000 1500 1000 600
cm-1
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Figure S19. 'H NMR of the precipitated copolymers on lignin.
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Figure S20. DSC curves of the cross-linked copolymer based on the ethanol fraction
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Figure S21. DSC curves of the cross-linked copolymer based on the ethyl acetate fraction
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Figure S22. SEC trace for the initial Lignoboost®
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Figure S23. HSQC on the initial Lignoboost®
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Figure S24. HSQC on the EtOAc fraction
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Figure $25. HSQC on the EtOH fraction
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Figure $26. HSQC on the MeOH fraction

f1 (ppm)

100

riio

ri20

ri30

ri40

150

£ fanm)

Figure $27. HSQC on the Acetone fraction

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 1.

5 10 05



References

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Argyropoulos, D. S. 31P NMR In Wood Chemistry: A Review of Recent Progress. Res. Chem.
Intermed. 1995, 21 (3), 373—-395.

Sette, M.; Wechselberger, R.; Crestini, C. Elucidation of Lignin Structure by Quantitative 2D NMR.
Chem. - A Eur. J. 2011, 17 (34), 9529-9535.

Martinez-Abad, A.; Giummarella, N.; Lawoko, M.; Vilaplana, F. Differences in Extractability under
Subcritical Water Reveal Interconnected Hemicellulose and Lignin Recalcitrance in Birch
Hardwoods. Green Chem. 2018, 20 (11), 2534-2546.

Duval, A.; Vilaplana, F.; Crestini, C.; Lawoko, M. Solvent Screening for the Fractionation of
Industrial Kraft Lignin. Holzforschung 2016, 70 (1), 11-20.

Jawerth, M.; Johansson, M.; Lundmark, S.; Gioia, C.; Lawoko, M. Renewable Thiol-Ene
Thermosets Based on Refined and Selectively Allylated Industrial Lignin. ACS Sustain. Chem. Eng.
2017, 5(11), 10918-10925.

Gioia, C.; Lo Re, G.; Lawoko, M.; Berglund, L. Tunable Thermosetting Epoxies Based on
Fractionated and Well-Characterized Lignins. J. Am. Chem. Soc. 2018, 140 (11), 4054—-4061.

Olsén, P.; Odelius, K.; Albertsson, A. C. Ring-Closing Depolymerization: A Powerful Tool for
Synthesizing the Allyloxy-Functionalized Six-Membered Aliphatic Carbonate Monomer 2-
Allyloxymethyl-2-Ethyltrimethylene Carbonate. Macromolecules 2014, 47 (18), 6189—6195.

Olsén, P.; Odelius, K.; Keul, H.; Albertsson, A. C. Macromolecular Design via an Organocatalytic,
Monomer-Specific and Temperature-Dependent “on/off Switch”. High Precision Synthesis of
Polyester/Polycarbonate Multiblock Copolymers. Macromolecules 2015, 48 (6), 1703-1710.

Boudet, A.; Lapierre, C.; Grima-Pettenati, J. Tansley Review No. 80. Biochemistry and Molecular
Biology of Lignification. New Phytol. 1995, 129 (80), 203-236.



