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1. General Information

All experiments were performed under ambient conditions. Chemicals were purchased from

Alfa Aesar, Acros Organics, Sigma Aldrich or TCI and were used as received.

NMR spectroscopy: *H- and **C-NMR spectra were recorded on a Bruker Avance 300 MHz
spectrometer (*H: 300.36 MHz; 13C: 75.53 MHz), a Bruker Avance NEO 400 MHz
spectrometer (*H: 400.14 MHz) or a Varian Inova 500 MHz instrument (*H: 499.84 MHz; 13C:
125.69 MHz) at 25 °C. Chemical shifts & are given in ppm relative to residual protons and
carbon signals of the deuterated solvent. Deuterated solvents were obtained from Cambridge

Isotope Laboratories Inc.

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-
TOF MS) measurements were performed using a Bruker UltrafleXtreme MALDI-TOF mass
spectrometer (Bruker Daltonik). Samples were dissolved in HFIP (10 mg mL™) and mixed with
a solution of matrix, 2,6-dihydroxyacetophenone in THF (30 mg mL™), and sodium
trifluoroacetate in THF (10 mg mL™), at a volume ratio of 1:10:3. The solution (0.5 pL) was
spotted onto the target plate (dried-droplet method). The reflective positive ion mode was used
to record the mass spectra of the samples. Calibration was done externally with the poly(methyl
methacrylate) standards (MALDI validation set PMMA, Fluka Analytical) using the nearest-
neighbor position method.

The molar mass characteristics were determined by size-exclusion chromatography (SEC)
coupled with an Optilab differential Refractive Index detector (RI, Wyatt Technology
Corporation, USA). Separations of samples were performed at 50 °C in dimethyl sulfoxide
(DMSO; purity >99.8%, Acros Organics, Belgium) containing 0.1 M LiBr (purity >99%,
Honeywell, USA) using an Agilent 1260 HPLC chromatograph (Agilent Technologies, USA)
and Polar Gel-M (7.5 x 300 mm, 8 um) analytical column with precolumn (Varian, USA). For
kinetics measurement, Polar Gel-L SEC (7.5 x 300 mm, 8 um; Agilent Laboratories, USA)
analytical column with precolumn was used. The nominal flow rate of the eluent on both
columns was 0.7 mL min™. The Polar Gel-M and Polar Gel-L SEC columns were calibrated
with 18 and 10 poly(methyl methacrylate) standards (Agilent Technologies, USA),
respectively, with narrow molar mass distribution and dissolved in the same solvent. The
concentrations of samples and standards were typically 10 mg mL™, while the corresponding
injected masses on the column were typically 1 mg. Astra 8.0.1.21 software with conventional
calibration module (Wyatt Technology Corporation, USA) was used for data acquisition and

evaluation.



Low resolution mass spectra were acquired by an Expression CMS L compact mass
spectrometer from Advion. The spectrometer was equipped with an APCI (atmospheric-
pressure chemical ionisation) ionisation source and quadrupole mass analyzer (range 10-
2000 m/z).

IR spectra were recorded on a Bruker ALPHA FT-IR spectrometer from 4000-400 cm™* with

a resolution of 2 cm™ and a sample scan time of 24 scans per spectrum.

For powder X-ray diffractometric measurements (XRD), a Rigaku MiniFlex diffractometer
operating with Cu K, radiation with a wavelength of 0.15418 nm was used. Data was collected

at angles of 20 ranging from 10° to 80°.

Thermogravimetric analysis (TGA) was performed with a Netzsch simultaneous thermal
analyzer STA 449C (crucibles: aluminum from Netzsch). The heating rate was 10 °C/min until
a final temperature of 550 °C was reached. A helium flow of 20 mL-min™ was used in

combination with a protective flow of helium of 10 mL-min™2.

Differential scanning calorimetry (DSC) measurements were performed on a PerkinElmer
DSC 8500 instrument using aluminum sealed pans. A temperature range from -30 to 120 °C
with a heating and cooling rate of 20 °C/min for the first and second run and 40 °C/min for the
third run was chosen. The glass-transition temperature (Tg) was determined from the second
heating run (20 °C/min) and the third heating run (40 °C/min).

In all experiments, deionized water was used; for easier readability deionized water is simply

referred to as water in the manuscript.



2. General Procedures for Reaction Screening

General procedure for catalyst screening:

A 4 mL reaction vessel was charged with 5 mol% of the respective catalyst (Table 1). 10 equiv.
deionized H20 (152 mg, 8.44 mmol) and 1 equiv. (100 mg, 0.846 mmol) divinyl sulfone were
added subsequently. The reaction mixture was stirred at rt under air atmosphere. The reaction
progress was monitored by *H-NMR spectroscopy after 1 h and 24 h. The polymer precipitated
and an off-white, brittle solid which is insoluble in all common solvents except for DMSO was

isolated.

General procedure for screening of reaction parameters:

A 4 mL reaction vessel was charged with the respective catalyst (2, 5 or 10 mol%) (Table 2).
Deionized H,0 (10, 20 or 100 equiv.) and 1 equiv. (100 mg, 0.846 mmol) divinyl sulfone were
added subsequently. The reaction mixture was stirred at rt (or lowered or elevated temperature
if noted) under air atmosphere. The reaction progress was monitored by *H-NMR spectroscopy
after 1 h and 24 h.

Calculation of double bond conversion:

The double bond conversion of divinyl sulfone was calculated as follows:
(6.21 ppm -CH=CH2 end group, 3.97 ppm -O-CHaz-cyclic, 3.81 ppm -O-CHz-repeating unit)

Double bond conversion [%)]
f -0 - CHZ—repeating unit T f -0 — CHZ—cyclic

= * 100
f_CH = CHZ end group + f -0 - CHZ—repeating unit T f -0 - CHZ—cyclic

For further peak assignment see “Synthesis of PES”.
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Figure S1. Figure representing data in Table 1; double bond conversion after 1 h and 24 h in the catalyst screening
and the distribution of the product divided in PES and 1.
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Figure S2. Exemplary *H-NMR spectrum of entry 5 in Table 1 (5 mol% TMG, 10 equiv. H,0, rt) after 24 h

reaction time in DMSO-ds with a calculated double bond conversion of 98%; 3.33 ppm residual water.



KRA-157a 30min 80C, Ratzenboeck —

5.08
—3.97
— 3.80
__2.50 DMSO

RU:
\/\O

3.42 n
- /[ //f HES: 00
Y 378
HO™ """
3.25 5.06
cyclic
side product: ‘&’
[ js.zo
o~ 3.97
. A Ui e .
o~ o © LR
s ¢8% £F9
8 7 6 5 l‘l. 3 2 1 1)
(ppm)

Figure S3. 'H-NMR spectrum of entry 14 in Table 2 (5 mol% DMAP, 10 equiv. H,0, 80 °C) after 30 min reaction
time in DMSO-ds; 3.33 ppm residual water.

Bis(2-hydroxyethyl) sulfone (HES)

IH-NMR (300 MHz, DMSO-ds): 8 = 5.06 (s, 2H), 3.78 (t, 4H), 3.25 (t, 4H) ppm.

3. Synthesis

Poly(oxy-1,2-ethanediylsulfonyl-1,2-ethanediyl) (PES)

In a 4 mL reaction vessel 4.9 mol% (15.2 mg, 0.124 mmol) DMAP was dissolved in 448 mg
(24.9 mmol, 10 equiv.) deionized H20. After the addition of 297 mg (2.52 mmol, 1 equiv.)
divinyl sulfone, the reaction mixture was stirred at room temperature for 1 h. The polymer
precipitated as an off-white product from the reaction mixture (Figure S4). Either the crude
polymer was used or the reaction was quenched by the addition of 200 puL 1 M HCI. Thereafter,
the product was filtered, washed with deionized H>O (3 x 0.5 mL) and dried in vacuo. As pure
product a brittle, off-white polymer (311.1 mg, 87 %) was isolated (Figure S7).

IR (cm™): v = 1279 (s, S=0), 1120 (s, S=0), 1097 (s, C-O)



'H-NMR (500 MHz, DMSO-dg): & = 8.28 (d, J = 7.6 Hz, -CH- pmap+ end group), 8.09 (residual
DMAP), 7.04 (d, J = 7.0 Hz, -CH- pmap+ end group), 7.00 — 6.94 (m, -CH=CH?2 end group), 6.58
(residual DMAP), 6.25 — 6.19 (m, -CH=CH2 end group), 4.63 (t, J = 6.5 Hz, -N-CH2- pmar+ end
group), 3.97 (S, -O-CHa- ¢yaiic), 3.81 (t, -O-CH2-), 3.78 (m, -CH2-OH end group), 3.42 (t, -CHo-
SO2-), 3.26 (M, -CH2-CH2-OH end group), 3.19 (S, ~-CH2-SO2- cyeiic and -CH3 pmap+ end group), 2.94
(residual DMAP) ppm.

3C-NMR (76 MHz, DMSO-ds): & = 156.0 (Cq omap™+ end group), 153.9 (Cq, residual DMAP),
149.3 (CH, residual DMAP), 142.4 (CH pmap+ end growp), 137.9 (-CH=CH end group), 129.0 (-
CH=CH?2 end group), 107.4 (CH pmapr+ end group), 106.7 (CH, residual DMAP), 65.8 (-O-CHa- cyciic),
63.9 (-O-CH2-), 56.2 (-CH2-CH2-OH end group), 55.0 (-CH2-CHo-OH end group), 53.5 (-CH2-SO2-),
52.1 (-CH2-SO2- ¢yclic), 38.6 (CH3, DMAP) ppm.
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Figure S4. *H-NMR spectrum of PES (catalyzed by DMAP) under optimized reaction conditions in DMSO-ds.
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Figure S5. 3C-NMR spectrum of PES (catalyzed by DMAP) under optimized reaction conditions in DMSO-ds.
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Figure S6. 'H-'H-COSY NMR spectrum of PES (catalyzed by DMAP) under optimized reaction conditions in
DMSO-ds.
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Figure S7. *H-NMR spectrum of PES (catalyzed by DMAP) under optimized reaction conditions after work-up
in DMSO-ds.
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Figure S8. IR spectrum of PES; top: crude material (incl. water: 3660 — 3320, 1650 cm™); bottom: after

purification with HCI.
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1,4-oxathiane 4,4-dioxide (1)

A 4 mL reaction vessel was charged with 5.4 mol% (5.2 mg, 0.046 mmol) KO'Bu.
Subsequently, 152 mg (8.44 mmol, 9.9 equiv.) deionized H.0 and 100 mg (0.85 mmol,
1 equiv.) divinyl sulfone were added. The reaction mixture was stirred at 80 °C for 24 h. The
crude product was dissolved in methylene chloride (1 mL). The organic layer was washed with
brine (1 mL). Further, methylene chloride was removed in vacuo and a colorless powder was
obtained.

Alternatively, 1,4-oxathiane 4,4-dioxide (1) can be isolated from the reaction mixture of PES
in which it occurs as side product by extraction with methylene chloride. The solid sample was
stirred in methylene chloride overnight. The yellow methylene chloride was then filtered over
silica gel and the silica gel was further washed with ethyl acetate. After evaporation of the

solvent, 1,4-oxathiane 4,4-dioxide was obtained as colorless crystals.
IH-NMR (300 MHz, CDCls): § = 4.15 (4H), 3.11 (4H) ppm.
13C-NMR (76 MHz, CDCls): = 66.4, 53.1 ppm.

'H-NMR (300 MHz, DMSO-ds): 6 = 3.97 (4H), 3.20 (4H) ppm.

13C-NMR (76 MHz, DMSO-ds): = 65.8, 52.1 ppm.
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Figure S9. 'H-NMR spectrum of 1,4-oxathiane 4,4-dioxide (1) in DMSO-ds.
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Figure S10. 3C-NMR spectrum of 1,4-oxathiane 4,4-dioxide (1) in DMSO-ds.
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Figure S11. IR spectrum of 1,4-oxathiane 4,4-dioxide (1).
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4. MALDI-TOF MS
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Figure S12. Top: MALDI-TOF MS of PES (crude) catalyzed by DMAP; bottom: detail of MALDI-TOF MS with
peak assignment (repeat unit = 136.02 Da).
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Figure S17. Top: MALDI-TOF MS of PES (crude) catalyzed by KO'Bu; bottom: detail of MALDI-TOF MS with
peak assignment (repeat unit = 136.02 Da).
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Figure S18. Structures of PES (crude) catalyzed by KO'Bu observed in MALDI-TOF MS.
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Figure S19. Comparison of MALDI-TOF MES of PES (crude) catalyzed by DMAP or KO'Bu (5 mol%).
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5. Reaction Progress

In a 10 mL vessel (diameter = 2.5 cm) 4.9 mol% (26.0 mg, 0.213 mmol) DMAP was dissolved
in 784 mg (43.6 mmol, 10 equiv.) deionized water. After the addition of 509 mg (4.31 mmol,
1 equiv.) divinyl sulfone, samples were taken after 0.5, 5, 10, 15, 20, 30, 45, 60, 90 min and
24 h. The samples were quenched with 0.5 M HCI (for tH-NMR spectroscopy) or conc. acetic
acid (for SEC).

In a 10 mL vessel (diameter = 2.5 cm) 4.9 mol% (23.7 mg, 0.211 mmol) KO'Bu was dissolved
in 784 mg (43.6 mmol, 10 equiv.) deionized water. After the addition of 509 mg (4.31 mmol, 1
equiv.) divinyl sulfone, samples were taken after 0.5, 15, 30, 45, 60, 120, 240 min and 24 h.
The samples were quenched with 0.5 M HCI (for *H-NMR spectroscopy) or conc. acetic acid
(for SEC).
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cyclic byproduct

.

OH terminated species

A
=somin - |
M

t=10 min

s .

t=5min

= F
.

t=25sec l
_AALUJI AUJJU__ A A
DVS
M M A
7.0 6‘.5 5‘.0 4‘.5 4.0 3.5
(ppm)

Figure S20. *H-NMR spectra of Figure 1a in detail; reaction of DVS with water catalyzed by DMAP compared
to DVS, cyclic side product 1 and OH-terminated species in DMSO-ds.
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Figure S21. *H-NMR shifts (in ppm) in DMSO-ds of species observed within the first 10 minin a DMAP catalyzed
reaction.

Calculation based on NMR data as follows:

The double bond conversion was calculated after the respective amount of time. Oxa-Michael
repeat unit (3.82-3.72 ppm -O-CHoa-repeating unit), Cyclic side product 1 (3.97 ppm -O-CHaz-cyclic)
and DMAP* terminated species (4.63 ppm -N-CH2- pmap+ end group) Were considered. The
remaining double bonds were assigned to DVS and vinyl sulfone end groups. The converted
double bonds were related to the oxa-Michael repeat unit, cyclic side product 1 and DMAP™*

end group.

(6.21 ppm -CH=CH2 end group, 6.30 ppm peak specific for DVS is equal to % of total DVS

integral)
] CH, oxa — Michael

= f -0 - CHZ—repeating unit T f -0 — CHZ—cyclic + f —N — CH,_pyaptena group
= [3.81ppm+ [3.97ppm + [4.63 ppm
[ CH, oxa — Michael

Double bond ion [%] = 100
ouble bond conversion [%] [ —CH = CH; ong group + | CH, 0xa — Michael i

f -0 - CHz—repeating unit
[ CH, oxa — Michael

oxa — Michael RU [%)] = (DB conversion) *

19



f_o - CHZ—cyclic
[ CH, oxa — Michael

cycle [%] = (DB conversion) *

f_N — CH,_pyaptena group

DMAP end group [%] = (DB conversion) * [ CH, oxa — Michael

DVS end groups [%] = (1 — DB conversion) * f 6.30 ppm * 4

vinyl sulfone end group [%] = (1 — DB conversion) * (1 — f 6.30 ppm * 4)

100 ~ N time double bond
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1 [min] [%]
80 1 DMAP endgroup
B viny! endgroup 0 0
< B Dvs 5 56
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= 20 80
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Figure S22. Left: Reaction progress (DMAP catalyzed) showing the development of the relative amount of

different chemical entities over time (monitored by *H-NMR spectroscopy); right: double bond conversion over

time.
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Figure S23. Left: Reaction progress (KO'Bu catalyzed) showing the development of the relative amount of
different chemical entities over time (monitored by *H-NMR spectroscopy); right: double bond conversion over
time.
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Consumption of unreacted DVS over time:

4 x ( 6.30 ppm)

unreacted DVS [%] = [—cH = CiI * 100
- = 2 end group

100 # catalyzed by
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Figure S24. Unreacted divinyl sulfone in reaction mixture catalyzed by DMAP (grey) or KO'Bu (red) over time.
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Figure S25. a) Double bond conversion vs reaction time for DMAP and KO'Bu catalyzed reactions; b) molecular
mass M, vs reaction time for DMAP and KO'Bu catalyzed reactions; c) molecular mass M, vs double bond

conversion for DMAP and KO'Bu catalyzed reactions.
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Figure S26. SEC chromatogram of kinetic experiment with DMAP; RI detector.
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Figure S27. SEC chromatogram of kinetic experiment with KO'Bu; RI detector.



Table S1. SEC results of kinetic experiment in detail.

Time [min]

5
10
15
20
30
45
60
90

120
240
1440

Muw
[kg/mol]
0.4
0.6
0.8
1.1
1.9
3.1
4.3
6.6

154

5 mol% DMAP
Mn
[kg/mol]
0.3
0.4
0.5
0.6
0.9
14
1.7
2.3

5.1

1.3
15
1.6
1.8
2.1
2.2
2.5
2.9

3.0

Muw
[kg/mol]

0.4

0.5
0.8
0.9

1.6
2.9
9.3

5 mol% KO'Bu

Mn
[kg/mol]

0.3

0.3
0.5
0.6

0.9
1.2
2.6

1.3

1.7
1.6
15

1.8
24
3.6
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6. Synthesis

Synthesis of PES in 1 M solution in DMSO

In a 4 mL reaction vessel 5.2 mol% (5.5 mg, 0.045 mmol) DMAP was dissolved in 149 mg
(8.27 mmol, 9.5 equiv.) deionized H20 and 650 pL DMSO-ds. After the addition of 103 mg
(0.87 mmol, 1 equiv.) divinyl sulfone, the reaction mixture was stirred at room temperature for
1 h. A sample of the colorless solution was analyzed by H-NMR spectroscopy. No

polymerization could be observed.

KRA-193 1h, Ratzenboeck —

2.50 DMSO

—4.55
—3.87
—3.73
—3.41
—3.19

8.29
827

4
(ppm)

Figure S28. 'H-NMR spectrum of reaction progress in solution after 1 h in DMSO-ds.

observed species after 1 h reaction time:

455 Q.0
\N/\/Sv/ O\\//O 3.73 N/
3.19 | 38T \/S\/\O/\/SM/
~N 8.28 3.41

25



Bis-(2-methanesulfonyl-ethyl) ether

In a 4 mL reaction vessel 5 mol% (11.4 mg, 0.093 mmol) DMAP was dissolved in 170 pL
(9.44 mmol, 5.0 equiv.) deionized water. 199 mg (1.87 mmol, 1.0 equiv.) methyl vinyl sulfone
was added, and the mixture was stirred at room temperature. *H-NMR spectroscopy revealed a
conversion of 94% after 1 h (96% bis-(2-methanesulfonyl-ethyl) ether, 4% DMAP end capped
species) and full conversion after 2.5 h. For isolation, the product was acidified with 0.5 mL
1 M HCI and was further recrystallized from water. Colorless needles (112 mg, 52%) were

obtained.

In case of KO'Bu as catalyst the reaction was performed in analogy to the above description.
IH-NMR (300 MHz, CDCls): § = 3.97 (t, -O-CHa-, 4H), 3.27 (t, -CH2-SO,-, 4H), 2.99 (s, CHs,
6H) ppm.

3C-NMR (75 MHz, CDCls): & = 65.0 (-CH2-SO2-), 54.9 (-O-CH,-), 42.9 (CH3) ppm.

'H-NMR (300 MHz, DMSO-dg) : & = 3.80 (t, -O-CHy-, 4H), 3.40 (t, -CH2-SO>-, 4H), 2.99 (s,
CHs, 6H) ppm.

KRA-129, Ratzenboeck

26 CDCI3

NO  Ha NONYHRANMON o NI aNa 0

NR A RBNNRNOI LT a aaa NANG G

CX) LX) NO6OBUBOOE6S66688 < 006 MmN N 3.97 \\ 7/

N N e NV | N N /S\/\O/\/ ~
3.27 2.99

i Il J TR 11 1 e {\ A L
3 R
° 8 7 6 5 a 3 2 1 0

(ppm)

Figure S29. 'H-NMR spectrum of bis-(2-methanesulfonyl-ethyl) ether in CDCls with TMS after 1 h reaction time.
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'H-NMR (300 MHz, CDCls): §=8.71 (d, J = 7.6 Hz, -CH- pmap+ end group), 8.20 (residual
DMAP), 6.81 (d, J = 7.6 Hz, -CH- pmaP+ end group), 6.72 (residual methyl vinyl sulfone), 6.49 —
6.43 (residual DMAP + methyl vinyl sulfone), 6.14 (residual methyl vinyl sulfone), 4.99 (-N-
CHoa- pmapP+ end group), 3.97 (t, -O-CHz2-, 4H), 3.27 (t, -CH2-SO2-, 4H), 2.99 (s, CHs, 6H), 2.95

(residual DMAP) ppm.

Exact masses:

HY o
N S/\
S P\
\ (]
79.0 107.0

Spectrum RT 0:44 - 1:12 {33 scans )
2020_12_18_KRA-129 2_Scan1_is1.datx 2020.12.18 11:05:41 ;
APCI+ Max T.7E8

Intensity

107.1; [mono-H20+Hj#/educt+H]+

©
S\\S/\/O\/\S”c\)
\ N
\O / (]
231.0

Qg OH

N

125.0

not observed

Figure S30. Low-resolution MS of the reaction mixture of bis-(2-methanesulfonyl-ethyl) ether (before work-up).
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Figure S31. *H-NMR spectrum of bis-(2-methanesulfonyl-ethyl) ether prepared by 5 mol% KO'Bu in DMSO-dg
after 1 h reaction time; 3.33 ppm denotes residual water.

KRA-129_2 pure, Ratzenboeck —
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Figure S32. *H-NMR spectrum of isolated bis-(2-methanesulfonyl-ethyl) ether in CDCl; with TMS; 1.56 ppm

residual water.
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KRA-129, Ratzenboeck
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Figure S33. 3C/APT-NMR spectrum of isolated bis-(2-methanesulfonyl-ethyl) ether in CDCls.
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Figure S34. IR spectrum of isolated bis-(2-methanesulfonyl-ethyl) ether.
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Synthesis of PES with D20

In a 4 mL reaction vessel 5.0 mol% (5.3 mg, 0.043 mmol) DMAP was dissolved in 188 mg
(9.39 mmol, 11 equiv.) D20. After the addition of 101 mg (0.85 mmol, 1 equiv.) divinyl sulfone,

the reaction mixture was stirred at room temperature for 1 h. An off-white product was obtained.

IH-NMR (500 MHz, DMSO-de): & = 8.30 (d, J = 6.4 Hz, -CH- pmap+ end group), 7.04 (d, J =
7.2 Hz, -CH- pmapr* end group), 7.00 — 6.92 (m, -CH=CHy> end group), 6.25 — 6.17 (M, -CH=CH2 end
group), 4.64 (t, -N-CHa- pmar+ end group), 3.96 (S, -O-CHa- ¢yciic), 3.80 (s, -O-CHz-), 3.78 (m, -CH2-
OH end group), 3.41 (m, -CHD-SO3-), 3.26 (t, -CHD-CH2-OH end group), 3.19 (S, -CH3 pmap+ end

group, “-CHD-SO2- cyciic) ppm.

13C-NMR (125 MHz, DMSO-ds): § = 65.7 (-O-CHz-cyciic), 63.8 (-0-CHy-), 53.0 (-CHD-SO,- /

-CD2-SO32-) ppm.

repeating unit 3.41/53.0

D H D D
AX_ o R 0
Ws\b 3.80/ \|~n WS\EfX/ \i\n

D H 63.8 DD 63.8

cyclic side product

o % p 0.0
319 H H D g’ P
Dl[ jLD
3.96/65.7
© (0]
end groups
oo Q N 3'i|6 D 6.98
S N
| SNy O\\S)Q/OH SN
319 Fgait P PN Y 378 O 622
| 7.04 '

Figure S35. Species identified by NMR spectroscopy in the polymerization of DVS and D-0.

o\\ //o + D0 O\\S// ﬁ O\\ 7
/S / / /S
R S~F 5,0 , E/\QD R

Scheme S1. Partial deuteration of vinyl group as attack and elimination of hydroxide is a fast, reversible process.
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Figure S36.'"H-NMR spectrum of synthesis of PES with D,0O in DMSO-ds ; * denotes residual DMAP.
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Figure S37.13C-NMR spectrum of synthesis of PES with D,O in DMSO-ds, * denotes residual DMAP.
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Reactivity of DVS with DO

To evaluate if deuterium exchange of D,O and the vinyl proton next to the sulfone group is
possible if no base or nucleophiles are present, 666 mg (33.3 mmol, 100 equiv.) D20 and
39.3 mg (0.33 mmol, 1 equiv.) divinyl sulfone were stirred for 20 h at room temperature and at
80 °C to ensure miscibility. In both cases, *H-NMR spectra after 5 min and 20 h reaction time

showed an identical integral proton ratio of the vinyl groups and no incorporation of deuterium.

Synthesis of PES monitored in D20

A NMR tube was charged with 5.2 mol% (2.1 mg, 0.017 mmol) DMAP or 4.9 mol% (1.8 mg,
0.016 mmol) KO'Bu. Thereupon, 666 mg (33.3 mmol, 100 equiv.) DO and 39.3 mg
(0.33 mmol, 1 equiv.) divinyl sulfone were added. *H-NMR spectroscopy was measured after
5minand 1 h. After about 1 h the off-white product precipitated from D0. It was dissolved in
DMSO-ds and analysed by *H-NMR spectroscopy (Figure S41).

'H-NMR (300 MHz, DMSO-ds): & = 6.22 — 6.19 (d, -CD=CHz end group), 3.95 (S, -O-CH2- cyclic),
3.78 (s, -O-CHz2-) ppm.

'H-NMR (300 MHz, D20): 6 = 6.45 — 6.35 (M, -CD=CH2 end group), 4.17 (S, -O-CHa- cyciic), 3.97
(s, -O-CH2-) ppm.

repeating unit cyclic side product
DDDD
D \ // D
S
Jl\)%/s\&oﬁ D D
n
OO0
(e}
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Figure S38.*H-NMR spectrum after 5 min of synthesis of PES in D,0 catalyzed by DMAP, * denotes DMAP;

signals of DMAP and DVS overlap (6.98-6.83 ppm); 0.71-0.07 = 0.64; integral ratio 0.64:2.
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Figure $39.'H-NMR spectrum after 5 min of synthesis of PES in DO catalyzed by KO'Bu, * denotes KO'Bu;

integral ratio 0.64:2.
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Figure S40. Comparison of *H-NMR spectrum of the synthesis of PES in D,O after 5 min and 60 min catalyzed
by DMAP (bottom) or KO'Bu (top).
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Figure S41. 'H-NMR spectrum of polymer obtained by synthesis of PES with 100 equiv. D2O in DMSO-dg, *

denotes HDO.
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To demonstrate the acidity of the proton in the a-position to the sulfone group, bis-(2-
methoxyethyl)-sulfone was synthesized and stirred with D2O under basic conditions. By
'H-NMR spectroscopy partly deuterated bis-(2-methoxyethyl)-sulfone in the a-position to the

sulfone group was observed.

Reaction of bis-(2-methoxyethyl)-sulfone with D20

Bis-(2-methoxyethyl)-sulfone was synthesized according to modified literature procedure using
2.5 mol% DBU as catalyst.l*! In a 4 mL reaction vessel 5.5 mol% (2.9 mg, 0.026 mmol) KO'Bu,
86 mg (0.47 mmol, 1 equiv.) bis-(2-methoxyethyl)-sulfone and 50 pL (2.77 mmol, 5.9 equiv.)

D20 were stirred for 50 min. Partyl deuterated bis-(2-methoxyethyl)-sulfone was obtained.

!H-NMR (300 MHz, CDCls): § = 3.81 (t, -O-CHz-, 4H), 3.38 (s, -CHs, 6H), 3.31 (m, -CHD-
SO2-, 1.7H) ppm.

13C-NMR (76 MHz, CDCls): & = 66.2 — 66.1 (-O-CH,-), 59.2 (CHs), 55.0, 54.8, 54.5 (-CHD-
SO,- / -CD2-S0z-) ppm.

D DD
; 02 o

A\ ~
0
D

main product minor product
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pKavalues

For the calculation of pK, values we used the prediction platform provided by the Luo group.?!
For water in water a pKa of 13.32 could be retrieved. The pKa of compound C (Scheme 1) was
calculated by the same method. In general, Luo’s pKa calculations are in good agreement with
experimental values for e.g. alcohols (see Table S2). Concerning compound C, it can also be
seen that the acidity of similar compounds remains high e.qg. if the a-carbon is substituted with
methyl groups. However, the protons at a-position are of similar acidity than the OH group (as

revealed by calculating the pKa of the methanol adduct).

In the context of our work it is important to consider the acidities in a non-protic (polar) solvent
like DMSO (which might be the best approximation for DVS). Such pKj values in DMSO can
also be retrieved with Luo’s method. Also in this case calculated values are in agreement with
measured values. It is demonstrated by both experiments and calculations that alcohols are more
acidic than water using DMSO as solvent. The only exception is t-BuOH which is less acidic

than water. The acidity of C in DMSO is found to be distinctly higher than that of water.

Table S2. Calculated and experimental pK, values in H,O or DMSO.

calc. pKa exp. pKa calc. pKa exp. pKa
(H20) (H20) B4 (DMSO) 2 (DMSO) B
H20 13.32 14 /15.75 28.23 31.4
MeOH 15.44 15.49 27.92 29.0
EtOH 15.69 15.93 28.15 29.8
i-PrOH 16.78 16.10 29.66 30.3
t-BuOH 16.83 16.04 31.13 32.2
- N 9.49 i 14.64 i
—/ OH
C
Os /9
;SKOH 9.88 - 15.13 -
O\\s’/o 10.62 - 2051 -
g
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7. Computational Details

All calculations were run with the TURBOMOLE program (version 7.4.1)B1, except for the
DLPNO-CCSD(T)/aug-cc-pVTZ calculations which were performed with ORCA (version
4.2.1).11 Conformational searches of all structures have been performed with the COSMO-conf
programmel” with geometries optimized at the PBE®!/def2-SVPD level and D3-dispersion”
correction. Furthermore, single points were calculated using PBE+D3/def2-TZVPPD.

The lowest-energy structures were then optimized using the B3LYP™! functional, the def2-
TZVPPD basis set and D3[!%-dispersion correction. Analytical normal modes were determined
using the TURBOMOLE’s aoforce program for confirmation of the stationary points and
calculation of the frequencies. The frequencies were scaled by a factor of 1.003M* to account
for anharmonic effects and zero-point vibrational energies and thermal properties (at 25°C)
were calculated using the rigid-rotor harmonic oscillator (RRHO) approximation using the
abovementioned B3LYP+D3/def2-TZVPPD.

At these minima, we also calculated single point energies using MP2/aug’-cc-pVTZ and
MP2/aug’-cc-pVQZ, representing a mixed scheme in which diffuse functions are used on all
atoms except hydrogen. Single point energies were also calculated with DLPNO-CCSD(T) with
the aug-cc-pVTZ basis set. Both Hartree-Fock and correlation energies were extrapolated to the
basis set limit by using the respective I° 21 and 1323 extrapolation formulae:

E (HFgz)-E (HFTZ)
351

HF/aug-cc-pVTQZ=E(HFy;) +

E (MP2-HF)qz — E (MP2—HF)1z

@3-1

MPZcorr/aug’cc-pVTQZ= E(MP2 — HF )y, +

Our best estimate of the energy results in:

E = HF/aug’-cc-pVTQZ + MP2corr/aug’-cc-pVTQZ + A(CCSD(T)-MP2)/aug-cc-pVTZ +
A[T,ZPVE](B3LYP/def2-TZVPPD)
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Figure S42. Relative stabilities of model compounds; additional H,O and MeOH molecules were omitted in the
illustration.

Gibbs’ free energies of several alcohol and ether model structures were calculated using the
abovementioned post-Hartree Fock scheme. Generally, oxa-Michael products of divinyl
sulfone and methanol were found to be more much more stable than those with water as Michael
donor. Thus, the formation of an ether (-5.28 kcal/mol) is thermodynamically favored over the
formation of 2-hydroxyethyl vinyl sulfone (-0.42 kcal/mol). The energy difference of below 1
kcal/mol between divinyl sulfone and 2-hydroxyethyl vinyl sulfone also supports experiments
in which reversibility of the reaction was observed. By conformational analysis of all structures,
it was found that intramolecular hydrogen bonding leads to a stabilization of 2-hydroxyethyl
vinyl sulfone lowering the Gibbs’ free energy to -1.65 kcal/mol. However, since the reaction is
performed in water, intermolecular hydrogen bonding interactions can also be expected for
divinyl sulfone and 2-hydroxyethyl vinyl sulfone. These would stabilize the structures and

potentially favor the linear structure over the one with intramolecular hydrogen bonding.

Moreover, di-hydration of divinyl sulfone leading to HES is thermodynamically favored
(-2.54 kcal/mol). In experiments at room temperature, HES could not be observed as 2-
hydroxyethyl vinyl sulfone immediately reacts with vinyl sulfone species. Additionally, the
formation of 1,4-oxathiane 4,4-dioxide (1) is thermodynamically strongly favored

(-11.79 kcal/mol). However, as already noted 1 was only observed as minor side product.
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Table S3. Energies obtained from DFT, MP2 and DLPNO-CCSD(T) calculations of model structures.

DFT MP2TZ MP2 Qz DLPNO-CCSD(T)
E (el) [Hartree] E [kJ/mol] Chem. Pot _ Total Energy E (HF T2) Delta MP2-HF E(MP2T7Z) |E(HFQZ) Delta MP2-HF (QZ) E(MP2QZ) |exchange correlation [EMP2extrapol |EMP2 ECCSDT Delta EMP2+ACCSD(T) |Total Energy + chem. pot [kJ/mol]
Dbvs -704,53800 -1849764,529 167,26 -1849597,269 -702 -1,4678 -704] -702,284888 -1,647633191 -703,932522| -0,01059984 -0,13124837 -704,0743698 -704 -704 -0,0907| -704,1651 -1.848.618,1
H20 -76,432409  -200673,2889 7,94 -200665,3489 -76,0599945 -0,282044439 -76,3420389) -76,0654272 -0,316705539 -76,3821327| -0,00169031 -0,02529324| -76,40911625| -76,3280059 -76 -0,0132] -76,4223] -200.638,8|
HES -857,453244  -2251243,491 308,74 -2250934,751 -854 -2,04888 -856 -854 2 -857| -0,01353429 -0,17867632 -856,9448565) -856,289158 -856,405881 -0,1167| -857,0616 -2.249.906,4
Difference -0,050423  -132,384699  125,60000 -6,784699  -0,044601 -0,017021  -0,061621  -0,043167 -0,012692  -0,055859 -0,052254  -0,056127  -0,055765 0,000362 -0,051892 -10,64
kJ/mol -117,10 -161,79 -113,33 -146,66 -137,19 -147,36 -146,41 0,95 -136,24
DFT MP2TZ MP2 Qz Extrapolation DLPNO-CCSD(T)
E (el) [Hartree] E [kJ/mol] Chem. Pot _ Total Ener E (HF T2) Delta MP2-HF E(MP27T2Z) |E(HF QZ) Delta MP2-HF (QZ) E(MP2QZ) |exchange correlation |E MP2 extrapol [E MP2 E CCSDT Delta E MP2 + ACCSD(T) |Total Energy + chem. pot [kJ/mol]
Dvs -704,53800 -1849764,529 167,26 -1849597,269 -702 -1,4678 -704( -702,284888 -1,647633191 -703,932522| -0,01059984 -0,13124837 -704,0743698 -704 -704 -0,0907| -704,1651 -1.848.618,1
H20 -76,432409  -200673,2889 7,94 -200665,3489 -76,0599945 -0,282044439 -76,3420389| -76,0654272 -0,316705539 -76,3821327| -0,00169031 -0,02529324 -76,40911625| -76,3280059 -76 -0,0132| -76,4223 -200.638,8|
Vinylsulfonyl ethanol -780,993600  -2050498,698 236,47 -2.050.262,23| -778 -2 -780] -778 -2 -780| -0,01205498 -0,15488701 -780,5077946 -779,931482 -780,035067 -0,1036 -780,6114| -2.049.258,7|
Difference -0,023188 -60,880460  61,270000 0,389540  -0,021348 -0,007873  -0,029222  -0,020592 -0,005606 _ -0,026198 -0,024309  -0,026457  -0,026148 0,000309 -0,023999 -1,74
kJ/mol -56,05 -76,72 -54,07 -68,78 -63,82 -69,46 -68,65 0,81 -63,01
DFT MP2TZ MP2 Qz DLPNO-CCSD(T)
E (el) [Hartree] E [kJ/mol] Chem. Pot _ Total Energy E (HF 12) Delta MP2-HF E(MP2TZ) |E(HFQZ) Delta MP2-HF (QZ)  E(MP2QZ) |exchange correlation |E MP2extrapol [E MP2 E CCSDT Delta E MP2 +ACCSD(T) |Total Energy + chem. pot [klJ/mol]
DVS -704,53800 -1849764,529 167,26 -1849597,269 -702 -1,4678 -704] -702,284888 -1,647633191 -703,932522|-0,01059984 -0,13124837| -704,0743698| -704 -704 -0,0907| -704,1651] -1.848.618,1
H20 -76,432409  -200673,2889 7,94 -200665,3489| -76,0599945 -0,282044439 -76,3420389| -76,0654272 -0,316705539 -76,3821327| -0,00169031 -0,02529324 -76,40911625| -76,3280059 -76 -0,0132 -76,4223] -200.638,8|
Vinylsulfonyl ethanol stab. -780,996048  -2050505,125 237,82 -2.050.267,31 -778 -2 -780 -778 -2 -780| -0,01206103 -0,15496752 -780,5102869) -779,933795 -780,037367 -0,1036 -780,6139) -2.049.263,9
Difference -0,025636 -67,307528  62,620000 -4,687528  -0,022618 -0,008880  -0,031498  -0,021881 -0,006723  -0,028604 -0,026801  -0,028771  -0,028449 0,000322 -0,026479 -6,90)
kJ/mol -59,38 -82,70 -57,45 -75,10 -70,37 -75,54 -74,69 0,84 -69,52
DFT MP2TZ MP2Qz DLPNO-CCSD(T)
| E (el) [Hartree] E [kJ/mol] Chem. Pot _ Total Energy E (HF T2) Delta MP2-HF E(MP27Z) |E(HFQZ) Delta MP2-HF (QZ) E(MP2QZ) |exchange correlation (EMP2extrapol |EMP2 E CCSDT Delta E MP2 +ACCSD(T) [Total Energy + chem. pot [kJ/mol]
I Dbvs -704,53800 -1849764,529 167,26 -1849597,269 -702 -1,4678 -704( -702,284888 -1,647633191 -703,932522| -0,01059984 -0,13124837 -704,0743698 -704 -704 -0,0907| -704,1651 -1.848.618,1
MeOH -115,715358  -303810,673 74,45 -303.736,22304| -115,091441 -0,467352136 -115,558793| -115,099063 -0,522518671 -115,621582| -0,00237163 -0,04025666 -115,6642104| -115,527356 -116 -0,0332] -115,6974| -303.689, 1
|DVS MeOH -820,283823  -2153655,179 304,22 -2.153.350,96) -817 =2 -819 -817 =2 -820[ -0,01272986 -0,16948432) -819,7722803| -819,14042 -819,262859 -0,1224| -819,8947 -2.152.329,4
|Diffe rence -0,030462 -79,976814  62,510000 -17,466814  -0,026345 -0,013163  -0,039508  -0,025568 -0,010394  -0,035962 -0,033700  -0,036046  -0,034569 0,001477] -0,032223 -22,09
kJ/mol -69,17 -103,73 -67,13 -94,42 -88,48 -94,64 -90,76 3,88 -84,60
DFT MP2TZ MP2 Qz DLPNO-CCSD(T)
| E (el) [Hartree] E [kJ/mol] Chem. Pot Total Energy E (HF T2) Delta MP2-HF E(MP2TZ) |E(HFQZ) DeltaMP2-HF (QZ) E(MP2QZ) |exchange correlation [EMP2 extrapol |EMP2 E CCSDT Delta E MP2 +ACCSD(T) [Total Energy + chem. pot [kJ/mol]
|DVS -704,53800 -1849764,529 167,26 -1849597,269 -702 -1,4678 -704] -702,284888 -1,647633191 -703,932522| -0,01059984 -0,13124837 -704,0743698 -704 -704 -0,0907| -704,1651 -1.848.618,1
MeOH -115,715358  -303810,673 74,45 -303.736,22304| -115,091441 -0,467352136 -115,558793| -115,099063 -0,522518671 -115,621582| -0,00237163 -0,04025666 -115,6642104| -115,527356 -116 -0,0332] -115,6974 -303.689,1
|DVS MeOH2 -936,030189  -2457547,26 441,86 -2.457.105,400 -932 2 -935| -932,534071 -2,714014179 -935,248086| -0,01486689 -0,20767374 -935,4706262| -934,704506 -934,858469 -0,1540} -935,6246 -2.456.040,5
| Difference -0,061468  -161,385294  125,7000 -35,685294  -0,052587 -0,026946  -0,079532  -0,051056 -0,021344  -0,072400 -0,067836  -0,072776  -0,069610  0,003166 -0,064670 -44,09
kJ/mol -138,07 -208,81 -134,05 -190,09 -178,10 -191,07 -182,76 8,31 -169,79
DFT MP2TZ MP2 QzZ Extrapolation DLPNO-CCSD(T)
| E (el) [Hartree] E [kJ/mol] Chem. Pot _ Total Ener E (HF T2) Delta MP2-HF E(MP27T2Z) |E(HF QZ) Delta MP2-HF (QZ) E(MP2QZ) |exchange  correlation |E MP2 extrapol [E MP2 E CCSDT Delta E MP2 + CCSDT Total Energy + chem. pot [kJ/mol]
|DVS -704,538004 -1849764,529 167,26 -1849597,269 -702 -1,4678 -704( -702,284888 -1,647633191 -703,932522| -0,01059984 -0,13124837 -704,0743698 -704 -704 -0,0907| -704,1651 -1.848.618,1
H20 -76,432409  -200673,2889 7,94 -200665,3489| -76,0599945 -0,282044439 -76,3420389| -76,0654272 -0,316705539 -76,3821327| -0,00169031 -0,02529324 -76,40911625| -76,3280059 -76 -0,0132| -76,4223] -200.638,8|
|Oxathiane -781,014613  -2050553,866 253,67 -2.050.300,20) -778 -2 -780 -778 -2 -780/ -0,01195009 -0,15392476 -780,5339038| -779,9586 -780,060749 -0,1021} -780,6361 -2.049.306,3|
|D1ffe rence -0,044201  -116,048671  78,470000 -37,578671  -0,043839 -0,014215  -0,058054  -0,042746 -0,010629  -0,053375 -0,050418  -0,053576  -0,051830 0,001746 -0,048672 -49,318259|
kJ/mol -115,10 -152,42 -112,23 -140,14 -132,37 -140,66 -136,08 4,58 -127,79

kcal/mol

2,54

keal/mol

0,42

kcal/mol

-1,65

kcal/mol

-5,28

kcal/mol

-10,54

keal/mol

11,79
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8. SEC Chromatogram with Different Detectors

2 mol% DMAP
5 mol% DMAP
8 mol% DMAP
10 mol% DMAP

Relative Intensity

Time [min]

Figure S43. SEC chromatograms of PES samples prepared with 2, 5, 8 and 10 mol% DMAP; RI (full) and UV
detector (dashed).
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9. Bulk NMR Experiments

Bulk NMR experiments with a benzene-ds insert capillary were carried out.
Interface

A NMR tube containing a capillary insert with benzene-ds was filled with 200 pL divinyl
sulfone and 200 pL water (Figure S44). The NMR coil was positioned at the interface of the
DVS and water layer resulting in a spectrum in which both shifts of the bulk divinyl sulfone
layer as well as of the bulk water layer can be observed. Shifts for bulk water are in accordance
with Oka et al.[*4]

H,O

. . . . . . . . .
7.1 7.0 69 6.8 6.7 6.6 6.5 6.4 6.3
(ppm)

0

L #

4
(ppm)

Figure S44. Initial *H-NMR spectrum at the interface of water and DVS layer; DVS layer (blue) as well as DVS

dissolved in water (green) observed.

After the addition of 5 mol% DMAP dissolved in water the bulk reaction mixture was not
shaken in order to still observe the interface of the two layers. Hardly any water dissolved in
the DVS layer (Figure S45, bottom). After shaking the NMR tube water dissolved in DVS is
observed (Figure S45, top).

41



after shaking

without shaking

I U | SR SN

T T
8 7 6 5 4 3
(ppm)

Figure S45. Comparison of *H-NMR spectrum after the addition of DMAP without shaking (bottom) and after

shaking (top).
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DVS layer

A NMR tube containing a capillary insert with benzene-ds was filled with 400 pL divinyl
sulfone and 172 pL water in which 5.1 mg DMAP were dissolved. Only after shaking the NMR
tube water dissolved in DVS and minor product formation was observed (Figure S46, bottom).
After 24 h without stirring only a low amount of product formed in the DVS layer (Figure S46,
top).

t=24h

H,O

ML )

t=20 min

. . . . . . . . .
8 7 6 5 4 3 2 1 0
(ppm)

0

Figure S46. Comparison of *H-NMR spectrum after 20 min after shaking (bottom) and 24 h reaction time without

stirring (top).

43



Water layer

A NMR tube containing a capillary insert with benzene-ds was filled with 50 pL divinyl sulfone
and 350 pL water (Figure S47, bottom). Thereafter, 5.5 mg DMAP dissolved in 40 pL water
was added (Figure S47, top) without shaking. Once catalyst is present hardly any unreacted
DVS in the water layer can be detected. However, minor product formation can be observed.
After 1.3 h (without stirring) still only small amounts of product as well as 1 were detected in

the reaction mixture (Figure S48, top).

with cat.

H,O

DVS

0

no cat.

. . . . . . . . .
8 7 6 5 4 3 2 1 [}
(ppm)

Figure S47. Comparison of *H-NMR spectrum before (bottom) and after the addition of DMAP (top).
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t=13h

t=20 min

4
(ppm)

Figure S48. Comparison of *H-NMR spectrum after 20 min (bottom) and 1.3 h (top) reaction time showing only

a small increase in product formation.
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KRA_123_24h_liquid layer

4
(ppm)

Figure S49. 'H-NMR spectrum of liquid layer on top of precipitated polymer catalyzed by DMAP after 24 h
reaction time in DMSO-ds.

Result: OH-terminated oligomers, coordinated DMAP™ species, cyclic side product (1)
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1,4-oxathiane 4,4-dioxide (1) prepared from bis(2-hydroxyethyl) sulfone (HES)

In a 4 mL reaction vessel 4.7 mol% (4.7 mg, 0.084 mmol) KOH was dissolved in 428 mg
(1.80 mmol) bis(2-hydroxyethyl) sulfone solution (65 wt% in water). The solution was put into
an oven at 80 °C overnight. Exclusively 1,4-oxathiane 4,4-dioxide (1) was obtained as a
brownish, off-white solid.

KRA-162, Ratzenboeck —

3.97
3.20
— 2.50 DMSO

N I

4.01{

e
<

T T T T T T T
7 6 5 4 3 2 1 0
(ppm)

Figure S50. 'H-NMR spectrum of 1,4-oxathiane 4,4-dioxide (1) prepared from 2-hydroxyethyl sulfone in
DMSO-ds.
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10. Properties

PES = semi-crystalline PES (without acidic work-up)
amorphous PES = PES melted at 120 °C for 1 h (without work-up)
pure PES = PES after acidic work-up
(2) (b)
PES amorphous PES
254 25
., 20+ 20
2 B
% 15 A % 154
§ 104 -§ 104
I I
5 5
-10 T T T r r r . . -10 T T T T T T T T
-20 0 20 40 60 80 100 120 -20 0 20 40 60 80 100 120
Temperature [°C] Temperature [°C]
(©
35 4 pure PES
30 4
g 25 1
g- 20 +
§ 15 4
o
5 1
T o
54
-10 T T T T T T T T
-20 0 20 40 60 80 100 120

Temperature [°C]

Figure S51. DSC spectra of PES (a), amorphous PES (b) and pure PES (c).

Table S4. DSC data of polymer; heating and cooling rate of 20 °C/min for the 1%t and 2" run and 40 °C/min for

the 3" run.

Tq[°C] Tq[°C] T[°Cl  Tw[C]
2" heat run 3heatrun 2™ cooling run 1% heat run
PES 18.7 22.8 11.4 82
amorphous PES 13.3 16.8 7.1 -
pure PES 23.6 26.6 16.2 88
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Figure S52. XRD spectrum of PES (crude powder) (bottom) and amorphous PES (after melting at 120 °C) (top).
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Figure S53. Thermogravimetric analysis of PES and pure PES compared to amorphous PES (left). Comparison
of thermogravimetric analysis of PES prepared with DMAP, TMG and KO'Bu (right).

Table S5. Degradation onset temperature (Tqs0%) determined of various polymer samples by TGA.

Sample

PES (DMAP)
pure PES
amorphous PES
PES (TMG)
PES (KO'Bu)

Temperature [°C]
Mass loss 5%

184
211
209
161
171

49



11. Electrochemical Application

For the preparation of a solid polymer electrolyte (SPE) PES was synthesized on a large scale.
A 50 mL round bottom flask was charged with 5.0 mol% (198 mg, 1.62 mmol) DMAP, 6.01 g
(334 mmol, 10 equiv.) deionized water and 3.85 g (32.6 mmol, 1 equiv.) divinyl sulfone. The
reaction mixture was stirred and kept at room temperature by cooling with a water bath. After
24 h reaction time, the supernatant was removed and the precipitated product was dried in

vacuo. The yellow crude material (yield = 4.42 g (95%)) was used without further purification.

Sample preparation by solvent-free melt process:

The crude polymer (PES) was ground into a fine powder in mortar and pestle and dried in high
vacuum. The dried polymer was mixed thoroughly with LiTFSI salt (pre-dried at 100 °C in
vacuum) in stoichiometric ratios (0-20 wt.%) inside an argon filled glovebox with H.O and O>
levels < 0.1 ppm. The mixture was placed on a Teflon plate and transferred into an oven for
melting at 120 °C overnight (t > 16 h). Thereafter, the melted electrolyte was slowly cooled
down to room temperature and pressed into a uniform layer (thickness: 0.9-1.0 mm). Thereof,
membranes were punched into discs of 12 mm diameter and further characterized. The obtained
polymer membrane could easily be peeled-off the Teflon plate. The materials characteristics
are soft, slightly sticky and formable.

Five different compositions of polymer membranes containing 0 wt.%, 5 wt.%, 10 wt.%,
15 wt.% and 20 wt.% LiTFSI were prepared.

The material of the SPE can be reused upon deformation or cutting. By putting it into an oven
at 80 °C, the material again melts into a uniform piece which again can be pressed and cut into

a membrane.

Figure S54. a) Membrane of SPE b) after cutting membrane in two pieces c) two pieces were aligned d) uniform

melt after heating the material at 80 °C for 15 min.
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Characterization

PES = semi-crystalline PES (without work-up)
amorphous PES = PES melted at 120 °C for 1 h (without work-up)
SPE = melted PES with 15 wt.% LiTFSI
— PES
X —— SPE
o
[¢]
=
g
£ |
g " M/
©
|_
O v 1 H 1 H 1 H 1 H 1 H 1 H 1
4000 3500 3000 2500 2000 1500 1000 500

v [em™]

Figure S55. IR spectrum of semi-crystalline PES (top) and polymer electrolyte SPE (melted PES with 15 wt.%
LiTFSI) (bottom). Bands at 1184 and 1053 cm* correspond to LiTFSI salt.

7 — SPE
——— amorphous PES

Intensity [a.u.]

A .
_/ -

20 40 60 80
26 [°]

Figure S56. XRD spectrum of amorphous PES (bottom) and SPE (melted PES with 15 wt.% LiTFSI) (top).
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PES + 15 wt.% LiTFSI
35

30

25

20

15 4

10 H

Heat flow endo up [mW]

-5 T T T T T T T T
-20 0 20 40 60 80 100 120
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Figure S57. DSC spectrum of polymer electrolyte SPE (melted PES with 15 wt.% LiTFSI).

Table S6. DSC data of polymer electrolyte SPE (melted PES with 15 wt.% LiTFSI); heating and cooling rate of
20 °C/min for the 1% and 2" run and 40 °C/min for the 3™ run.
Ty [°C] Ty [°C] Ty[°C]  Twm[°C]
2" heat run 3 heatrun 2™ cooling run 1% heat run

amorphous PES 13.3 16.8 7.1 -
SPE 7.6 10.6 -3.0 -
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Figure S58. Thermogravimetric analysis of polymer electrolyte SPE compared to PES (red) and amorphous PES
(blue).

Table S7. Degradation onset temperature (Tq9s%) determined of amorphous PES and polymer electrolyte SPE by
TGA.

Sample Mass loss [%0] Temperature [°C]
amorphous PES 5 209
SPE 5 210
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Electrochemical Impedance Spectroscopy (EIS)

The dried solid polymer membranes (discs of 12 mm diameter) were assembled into stainless
steel Swagelok-type symmetrical cells inside an argon-filled glove box. EIS measurements
were performed in a frequency range of 1 MHz to 1 Hz at 25 °C for all the compositions and
from 25 °C to 100 °C for a membrane containing 15 wt.% LiTFSI, using Biologic VMP-300
impedance analyzer.

(a)-4 (c)
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ool - i
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g) -7 2.6 2.8 3.0 3.2 34
o 1000x 7"/ K

log v/ Hz

Figure S59. (a) Conductivity isotherms o'(v) of PES as a function of the salt concentration ranging from 0 to
20 wt.%. (b) Conductivity isotherms of PES incl. 15 wt.% LiTFSI recorded in a temperature range from 25 to 100
°C. (c) Arrhenius plot of the temperature dependence of the Li-ion conductivity of PES with 15 wt.% LiTFSI.

The real part of the complex conductivity as a function of the frequency is shown in
Figure S59a. In general, such isotherms reveal three characteristic regions;™*®! (i) the electrode
polarization towards low frequencies, (ii) the so-called DC conductivity plateau at intermediate
frequencies (characterizes long-range ion transport), and (iii) the dispersive regime at high
frequencies that is associated with the so-called nearly constant loss regime and is almost
independent of temperature.l*! The conductivity values, odc, can be directly read off from the

distinct dc-plateaus.

The corresponding Arrhenius plot (o4cT, plotted vs. 1000/T) is shown in Figure S59¢ showing
a linear behavior according to ouacT = ooexp(Ea/(ksT)). Here, Ea is the activation energy, ks
denotes Boltzmann's constant, T is the absolute temperature and oo represents the Arrhenius
pre-factor.
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Figure S60. Temperature dependence of the Li-ion conductivity of PES with 15 wt.% LiTFSI.

Cell assembling

A two electrode cell was assembled in a Swagelok cell. The setup consisted of a stainless-steel
electrode, the PES membrane as polymer electrolyte and a lithium metal as a reference

electrode. Three cells were tested at 45 °C to confirm the stability of the polymer electrolyte.

20
——PES: 45°C
10 4
EL 04 - /
Lithium metal AYPonmer membrane
-10 4
Stairjless Steal
-20 ' . ' . ' . ' . T . . . .
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Figure S61. Cyclic voltammetry of PES membrane with 15 wt.% LiTFSI at a scan rate 0.1 mV/s.
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