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Abstract

Introduction

Post-polymeriation modification (PPM), a powerful and
effective approach to the synthesis of functional polymers, are
often complementary to those advanced polymerization
methods in polymer chemistry.™'! For a long time, most of
PPM reactions have been applied to append a limited amount
of functional groups into polymer backbone without altering
the mechanical properties of polymers.t3810.12 On the other
hand, the reaction types for “exhaustive (nearly quantitative)”
post-polymeriation modifications, which completely modify
the original polymers and create the new types of polymers,
were relatively limited.*713-21

Except for a few classic transformations, the majority of
novel “exhaustive” PPMs rely on “click” reactions since
Sharpless proposed the concept of "click chemistry" in
2001.22723 |In 2014, Sharpless reported another highly efficient
reaction, namely sulfur(VI) fluoride exchange (SuFEx),?* which
is also known as the "second-generation click chemistry"?°-2°
due to the unique reactivities and selectivities of S(VI)—F.
Nowadays, SuFEx reactions have emerged as a powerful
synthetic tool to create molecular diversity?*#3°-34 and have
been widely utilized for biomedical 3543 polymer
chemistry,**%> and material science.®7*

Although SuFEx reactions using phenol nucleophiles are well
established, the broad-spectrum sulfonamidation of S(VI) —F
and amines has not been developed until recently. In 2018,
Ball, am Ende, and their coworkers developed an efficient
method to synthesize sulfonamides from sulfonyl fluorides and
amines using a stoichiometric amount of Ca(NTf,),.7277% In 2021,
our research group developed the first catalytic SuFEx
sulfonamidation by using 1-hydroxybenzotriazole (HOBt) as
catalyst and tetramethyldisiloxane (TMDS) as fluoride
scavenger.”> Compared to the high cost of Ca(NTf),, The cost of
catalyst and reagent used in our sulfonamidation is much more
cost-effective and hence preferable for polymer synthesis.
Although SuFEx chemistry has been applied in polymer
synthesis since its emergence,** the majority of these studies
focus on developing novel SUFEx polymerizations.**>%> In
2015, Locklin and coworkers reported the first PPM reaction of
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Fig. 1 Postpolymerization SuFEx modification.
sulfonyl fluoride-containing vinyl polymers.®® Later, they

further investigated the kinetics and reactivity of aromatic
sulfonyl fluoride, aromatic fluorosulfonate and alkyl sulfonyl
fluoride in SUFEx PPM reaction.®® In 2016, Fokin investigated
the PPM reaction of fluorosulfates-containing vinyl polymers.>®
In 2021, Li, Wu, Zuilhof, Moses, Sharpless and their coworkers
developed a novel polymerization method of post-modified by
aryl silyl ethers.®®> Recently, Liao group studied the atom-
transfer radical polymerization (ATRP) of4-
vinylbenzenesulfonyl fluoride (VBSF) and the PPM reaction of
poly (4-vinylbenzenesulfonyl fluoride) (PVBSF).®* However,
most of these reported SuFEx PPMs on the linkage of O-
nucleophiles with polymer backbone, studeis on post-
sulfonamidation of polymers remain underdeveloped.’*7¢
Herein, we demonstrate that VBSF is a suitable monomer for
the reversible addition-fragmentation chain transfer (RAFT)
polymerization and the exhaustive SUFEx postpolymerization
sulfonamidation of PVBSF has been also achieved.
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Results and Discussion

As our long-term interest in developing exhaustive PPMs for
the synethesis of novel polymer materials, we started to
investigate the efficiency of our catalytic SuFEx
sulfonamidation for PPM reactions. Initially, we selected two
monomers, 4-vinylbenzenesulfonyl fluoride (VBSF, 1) and 4-
vinylphenyl sulfurofluoridate (VPSF, 2) for the evaluation.

RAFT polymerization of VBSF and VPSF
RAFT polymerization of VBSF 1 was investigated using two
common RAFT agents, CPDT (CTA-1) and CPFDB (CTA-2) (Table
1). The results (Table 1) showed that the molecular weight and
polymer dispersity index (PDI) of 1 and 2 can be well controlled
under RAFT polymerization conditions.

Optimization of PPM conditions for PVBSF

The reaction parameters for the PPM sulfonamidation was
optimized using the PVBSF prepared from RAFT polymerization
and dibenzylamine. Notably, dibenzylamine was chosen due to
its relatively low nucleophilicity. Such a choice will facilitate
the expansion of the substrate scope for the proposed
postpolymerization sulfonamidation. The optimization results
were shown in Table 2. When 0.50 equiv of HOBt was used as
a promoter, the PPM sulfonamidation proceeded smoothly at
35 °C and the conversion of the PVBSF was 65% (Table 2, entry
1). Further studies disclosed the unique role of TMDS. The full
conversion of the PVBSF has been achieved using HOBt and
TMDS (Table 2, entry 2 and 3). In these cases, all of the sulfonyl
fluoride groups have been transformed into sulfonamides.
Notably, the conversion was lowered to 83% when 1,1,1,3,3,3-
hexamethyldisiloxane (TMS,0) was used instead of TMDS
(Table 2, entry 4). Subsequently, the catalytic amount of HOBt
was proved to be sufficient to drive the PPM reaction
complete (Table 2, entry 5 and 6). When the amount of HOBt
was further reduced to 0.02 equiv, the elevated temperature
(50 °C) was required (Table 2, entry 7 and 8). To obtain the
broad substrate scope for the postpolymerization
sulfonamidation, we selected the optimal protocol using 0.05
equiv of HOBt, 2.00 equiv of DIPEA, and 2.00 equiv of TMDS in
DMSO at 35 °C for further evaluation.

The Reactivity Difference between PVBSF 3a and PVPSF 4 in
Postpolymerization Sulfonamidation

The performance of PVBSF 3a and PVPSF 4 in PPM
sulfonamidation was evaluated using our HOBt/TMDS protocol
(Table 3, entry 1 and 2). PVBSF 3a was quantitatively post-
modified while the conversion of PVPSF 4 was low (23%).These
results indicated that PVBSF 3a was much more reactive than
PVPSF 4. As a comparison, the SuFEx protocol using strong
organic bases such as 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD)
was also investigated. Unfortunately, low conversions were
obtained for the postpolymerization sulfonamidation of both
PVBSF 3a and PVPSF 4 (Table 3, entry 3 and 4), although such a

protocol was well suited for SuFEx reactions with
phenols.24_25'27_28'32'44'66'68

Characterization of the Exhaustive PPM Product 5a

The exhaustive PPM product 5a was characterized after the
PPM conditions were determined. Firstly, As shown in Figure 2,
after PPM, the ratio of area integral of the methylenel
characteristic peak (e’) and the entire aromatic region (c’+d’+{’)
was 4:14, which indicated that sulfonylated polymer 5a was
successfully prepared by PVBSF 3a.

Subsequently,3a and 5a were characterized by SEC (DMF
as eluent) and the results were shown in Figure 3. The
molecular weight of polymers 3a and 5a showed little
difference on the SEC spectra after sulfonamidation which may
due to the polarity and solubility of the two polymers are too
different. 3a is strong polarity polymer and can only be
dissolved in a few polar solvents such as DMF and DMSO.
However, the polarity of 5a was weakened after PPM and it
began to be soluble in acetonitrile, dichloromethane and other
solvents. In this work, sulfonylated polymer 5a has a relatively
strong intermolecular force through n-mt packing distinguished
to 3a whose sulfonyl fluoride group forms strong force with
DMF, which results in a significantly lower SEC molecular
weight of 5a . To verify this hypothesis, we synthesized PVBSF
3b with a theoretical molecular weight of 3,000 to 4,000 and
its sulfonylated polymer 5b for MALDI-TOF MS testing.

Table 1. RAFT polymerization of VBSF and VPSF?

0.017 equiv. CTA,
0.0033 equiv. AIBN

- >

.,

S
%SJ\SJ(CN

o

DMF, 60 °C
1:R=S02F R CTA-1 CTA-2
2 R = OSO2F
3:R=S02F
4 :R=0S0O2F
MI’U b
Entry  Monomers  RAFT agents x PDI°
/103
1 1 CTA-1 9.8 1.08
2 1 CTA-2 7.9 1.07
3 2 CTA-1 8.9 1.08

aStandard polymerization conditions: under nitrogen protection, monomers (11.9 mmol, 1.0 equiv), RAFT agents (0.2 mmol, 0.017 equiv) and AIBN (0.04
mmol, 0.0033 equiv) were added to DMF (2.0 mL) and stirred at 60 °C for 17 h. °M, sec is the number-average molecular weight determined by size
exclusion chromatography in N,N-Dimethylformamide (SEC-DMF) for the polymer, using PEO standards as calibration. °PDI is polymer dispersity

index.
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Table 2. Sulfonamidation conditions optimization of PVBSF?

. H
1.2 equiv. ©\/N\/© n

HOBt

DMSO, 24 h
SO,F

3a

Entry HOBL (equiv) base Silicon reagents Temperature (°C) Conv. (%)°
1 0.50 - - 35 65

2 0.50 DIPEA - 35 69

3 0.50 - TMDS 35 >99

3 0.50 DIPEA TMDS 35 >99

4 0.50 DIPEA TMS;0 35 83

5 0.10 DIPEA TMDS 35 >99

6 0.05 DIPEA TMDS 35 >99

7 0.02 DIPEA TMDS 35 82

8 0.02 DIPEA TMDS 50 98

aStandard experimental conditions: under nitrogen protection, PVBSF 3a (50.0 mg, including 0.27 mmol repeat unit, 1.00 equiv), dibenzylamine (0.32 mmol,
1.20 equiv), HOBt, DIPEA (95 pL, 0.54 mmol, 2.00 equiv) and silicon reagent (0.54 mmol, 2.00 equiv) were added to DMSO (500 pL) and stirred at a fixed
temperature for 24 h. ®The conversion of reaction was calculated by internal standard method using nuclear magnetic fluorine spectrum, and the internal

standard was 1-fluoronaphthalene.

Table 3. Comparison of Sulfonamidation between PVBSF and PVPSF

e (LG
.2 equiv.
n n N

Condition 1 or 2

i

SO,F

25 0C, 24 h, DMSO

%

O//

O
/, \N/\©

S
S<g
3a 4 5a 6
Entry Polymer Condition Conv. (%)°
1 3a A? >99.9
3 3a B 34

2Condition A: under nitrogen protection, PVBSF 3a or PVPSF 4 (0.27 mmol repeat unit, 1.0 equiv), dibenzylamine (0.32 mmol, 1.2 equiv), HOBt, (0.027 mmol,
0.1 equiv), DIPEA (0.54 mmol, 2.0 equiv) and TMDS (0.54 mmol, 2.0 equiv) were added to DMSO (500 pL) and stirred at a room temperature for 24 h.
bCondition B: under nitrogen protection, PVBSF 3a or PVPSF 4 (0.27 mmol repeat unit, 1.0 equiv), dibenzylamine (0.32 mmol, 1.2 equiv), and TBD (0.054
mmol, 2.0 equiv), were added to DMSO (500 pL) and stirred at a room temperature for 24 h. The conversion of reaction was calculated by internal standard
method using nuclear magnetic fluorine spectrum, and the internal standard was 1-fluoronaphthalene.

As shown in Figures 4(a) and 4(b), 3b and 5b showed
molecular weight distributions similar to normal distribution.
The molecular weight intervals were 186.3 and 363.9
respectively (Figures 4(c) and 4(d)), which were consistent
with the molecular weight of repeating units of 3b and 5b
indicating the successful preparation of the polymers. The
absolute molecular weight of 3b and 5b were 3.4 kDa and 6.5
kDa respectively according to the statistics of the maximum
abundance isotope peaks which was quite different from the
results of the SEC-DMF (both of which are 4.3 kDa). Therefore,
absolute molecular weight tests including MALDI-TOF MS are
important when testing the molecular weight of these two
polymers.

Thermodynamic properties of 3a and 5a were analyzed by
DSC and TGA. As shown in Figure 5(a), thermogravimetric loss

reached 30% of both 3a and 5a after heated to 800 °C in
nitrogen atmosphere, which was significantly different from
the conventional linear polystyrene thermogravimetric loss
process (the thermogravimetric loss at 800 °C is close to
100%). This attracted our interests of these polymers. The
DSC curve in Figure 5(b) showed that after sulfonamidation,
the glass transition temperature (Tg) of 5a was greatly
reduced than 3a. The high Tg of 3a is not only due to its rigid
structure, but also due to the strong intermolecular force
caused by the interaction of polar sulfonyl fluoride group and
ni-rt packing. The introduction of two benzyl groups through
PPM weakened the polarity of 5a and also increased the
distance between molecular chains of 5a which caused the
decrease of Tg.
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Fig. 2. 'H NMR spectra of 3a and 5a: (a) before and (b) after PPM sulfonamidation. The NMR spectra were recorded using (CD3),SO as a solvent.

Other exhaustive sulfonamidation of PVBSF

The conditions for exhaustive sulfonamidation using
dibenzylamine as nucleophiles can also apply to other
nucleophiles (including arylamines, chiral aliphatic amines,
phenols, etc.). We prepared 7a-7e then and SEC, DSC and
TGA characterizations were tested on them (Figure 6). The
results of SEC showed that the relative molecular weight of
7a-7d were significantly higher than 5a in DMF. We infer that
it is because primary sulfonamide polymers 7a-7d has an
acidic hydrogen so its polymer polarity is generally stronger
than that of secondary sulfonamide polymer 5a, thus the
solubility of 7a-7d in DMF is stronger than that of 5a which
caused the difference of their relative molecular weight.

It can also be found that in this series of polymers, Tg of 7a
was significantly higher than that of other polymers through
DSC, which may relate to that 4-(4-morpholinyl) aniline
enhances the polarity and rigidity of the polymer after
introducing into the polymer through sulfonamidation.

In addition, such sulfonylated polymers have a high
carbonization rate in carbonization procedure. Taking
polymer 7d as an example, it can reach a carbonization rate
of 49.7% under nitrogen atmosphere at 800 °C which is
similar to the carbonization rate of polysulfone (48.0%) and
polyimide (49.2%) according to literature reported (Figure
6).77

By comparing the thermogravimetric curves (Figure 7) of
7d in oxygen 7d (O2) and polystyrene in nitrogen PS (N,), it
can be found that only 0.6% of the weight of 7d remained
when heated to 800 °C in oxygen, which excluded the
possibility of inorganic impurities in the sample. The residual
weight of polystyrene heated to 800 °C under nitrogen was
close to 0%, confirming that the introduction of sulfonamide
groups can lead to a substantial increase in the carbonization
rate.

a) ——PVBSF 3a b)
— 5a

22 23 24 25 26 27 24 25 26 27 28

Time (min) Time (min)

Fig. 3 Comparison of SEC traces (a) before and (b) after exhaustive
sulfonamidation of PVBSF 3a and 3b.
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Fig. 4 Comparison of MALDI-TOF MS spectra (a) before and (b) after
exhaustive sulfonamidation of PVBSF 3b.
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Fig. 5 (a) TGA and (b) DSC tests of 3a and 5a.

Exhaustive sulfonamidation of VBSF copolymers

The copolymer 8 with 60/40 repeating unit ratio (VBSF/St)
was prepared by free radical polymerization of VBSF and St
monomers with 50/50 monomer feeding ratio (Figure 8). The
copolymer showed little change in PDI after exhaustive PPM
(Figure 9 (a)). The carbonization rate of the modified
copolymer 9 was only 9.2% under nitrogen atmosphere at
800 °C (Figure 9 (b)) compared with 49.7% of the
homopolymer 7d. We speculate that the main reason is that
the structure of 7d is conducive to condensation into
aromatic carbon during combustion. The introduction of
styrene group prevents the condensation of phenyl
sulfonamide structure in the copolymer 9, resulting in a
significant decrease in the carbonization rate.

Conclusions

In summary, a highly reactive monomer for both RAFT
polymerization and exhaustive SuFEx postpolymerization
sulfonamidation, 4-Vinylbenzenesulfonyl fluoride (VBSF) was
designed and synthesized based on the sulfonyl fluorine
catalyzed sulfonylation system developed by our group in the
early stage. This monomer has been proven to be well
compatible with living/controllable polymerization methods
such as RAFT. We optimized conditions of using poly (4-
vinylbenzenesulfonyl fluoride, PVBSF) as a substrate for
exhaustive sulfonamidation or sulfonation esterification and

functional groups of PVBSF. In addition, this PPM process
showed to be compatible with copolymers.
Thermogravimetric analysis had shown that these
sulfonamides (or sulfonic esters) polymers exhibited a much
lager carbonization rate than ordinary polystyrene. Among
them, the polymer obtained by sulfonation of
methoxybenzylamine (7d) as an amine reagent has a
carbonization rate of 49.7% under nitrogen atmosphere at
800 °C, which is comparable to polysulfone (48%) and similar
to polyimide (49.2%). The higher carbonization rate of this
polymer may be due to its favorable structure for
condensation into aromatic carbon during combustion.

Experimental section

Synthesis of 4-vinylbenzene sulfonyl fluoride and their
homopolymers

4-vinylbenzenesulfonyl fluoride (VBSF, 1) was prepared
according to a modification of literature procedure. Under an
N2 atmosphere, sodium 4-vinylbenzene sulfonate (6.34 g, 90
wt%, 30.0 mmol) and phosphorus pentachloride (60.0 mmol,
12.49 g) were added to dichloromethane (120 mL) and
cooled to 0 °C. The reaction mixture was then allowed to
warm to room temperature slowly and reacted for 4 h and
then washed with half-saturated brine (150 mL). The organic
phase was dried with anhydrous sodium sulfate and then
filtered, concentrated in vacuo to get the crude product of 4-
vinylbenzene sulfonyl chloride. The crude 4-vinylbenzene
sulfonyl chloride and potassium hydride fluoride (120.0 mmol)
were added to a mixture of acetonitrile (90 ml) and water (12
mL) at room temperature for 18 h. After that most of the
acetonitrile in the reaction mixture was removed in vacuo,
dichloromethane (150 mL) and distilled water (100 mL) were
added for extraction. The organic phase was combined after
the water phase was extracted with dichloromethane (3 X
100 mL). The combined organic layers were washed with half-
saturated brine (100 mL), dried over anhydrous sodium
sulfate, filtered, and concentrated in vacuo. The crude
product was purified by flash column chromatography over

[
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Fig. 6. Exhaustive PPM of PVBSF.
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Fig. 9 Comparison of (a) SEC traces and (b) TGA data before and after
exhaustive sulfonamidation of PVBSF-co-PS 8.

silica gel (eluent: petroleum ether/ethyl acetate, 20:1 v/v) to
afford the title compound as a white liquid.

Polymer Synthesis

4-vinylbenzene sulfonyl fluoride RAFT polymer: A 10-mL
Schlenk flask was charged with compound 1 (2.22 mg, 11.9
mmol), CPDT (68.6 mg, 0.20 mmol), AIBN (6.5 mg, 0.04 mmol)
and N, N-dimethylformamide (2.00 mL). The mixture was
deoxygenated by three freeze-pump-thaw cycles under an N;
atmosphere and then stirred at 60 °C for 24 h. The reaction
mixture was cooled to room temperature and then quenched
by opening the flask to air. Volatiles were removed in vacuo
and the polymer was precipitated in ethanol (3 X 40 mL)
three times. The precipitate was collected and dried in a
vacuum oven for 12 h at 45 °C to afford title polymer as a
solid for further characterization.

Preparation of Sulfonamide polymer: The general reaction
procedure was: Under nitrogen protection, PVBSF 3a (150.0

mg, containing 0.81 mmol repeat units), amine (0.96 mmol),
HOBt (5.4 mg, 0.04 mmol), N, N-diisopropylethylamine (281
uL, 1.61 mmol), 1,1,3, 3-tetramethyldisiloxane (285 uL, 1.61
mmol) was mixed with anhydrous DMSO (1.50 mL). After
stirring at 35 °C for 24 h, the mixture was settled in ethanol.
After the sedimentation was repeated three times, the
solvents were removed in vacuo and the precipitate was
dried in a vacuum oven for 45 °C for 12 h.

Preparation of PVBSF copolymer: Under nitrogen protection,
PVBSF-co-PS 8 (150.0 mg), dibenzylamine (186 uL, 0.96 mmol),
HOBt (5.4 mg, 0.04 mmol), N, N-diisopropylethylamine (281
uL, 1.61 mmol), 1,1,3,3-tetramethyldisiloxane (285 puL, 1.61
mmol) was mixed with anhydrous DMSO (1.50 mL). The
mixture solution was settled in ethanol after 24 h of stirring
at 35 °C. After sedimentation was repeated three times, the
solvents were removed in vacuo and the precipitate was
dried in a vacuum oven for 45 °C for 12 h, then the solid
polymer was obtained.

Exhaustive Sulfonamidation of PVBSF copolymer: Under
nitrogen protection, PVBSF-co-PS 9 (150.0 mg),
dibenzylamine (186 pL, 0.96 mmol), HOBt (5.4 mg, 0.04
mmol), N, N-diisopropylethylamine (281 uL, 1.61 mmol), 1,1,3,
3-tetramethyldisiloxane (285 uL, 1.61 mmol) was mixed with
anhydrous DMSO (1.50 mL). The mixture solution was settled
in ethanol after 24 h of stirring at 35 °C. After sedimentation
was repeated three times, the solvents were removed in
vacuo and the precipitate was dried in a vacuum oven for 45
°C for 12 h, then the solid polymer was obtained.
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1. Materials and Methods
Materials.

Characterization Methods. 'H and '3C NMR spectra were recorded on a Bruker AVANCE III 400 MHz
spectrometer at 298 K and referenced to residual protium in the NMR solvent (CDClz ¢ 7.26, CDCl, 6
5.30 in '"H NMR) and the carbon resonances of the solvent (CDCl; & 77.16, CD2Cl» & 53.52 in '*C NMR).
Chemical shifts were reported in parts per million (ppm, 8) downfield from tetramethylsilane. NMR peaks
are described as singlet (s), doublet (d), triplet (t), multiplet (m), approximate (app), and broad (br).

Size exclusion chromatography (SEC) was conducted using an Agilent Technologies 1260 Infinity
equipped with a differential refractometer and serially connected PLgel columns (10 um MIXED-BLS, 5
um MIXED-C, and 5 ym MIXED-D). The system was equilibrated at 40 °C in DMF as the eluent with a
flow rate of 1.0 mL-min"'. The weight-average molar mass (My) and the number-average molar mass (M,)
of the polymers were determined relative to the linear polystyrene standards and used to estimate the
dispersity (D = My/M,).

Differential scanning calorimetry (DSC) was performed with a NETZSCH DSC 214 Polyma instrument
under an atmosphere of nitrogen at a heating rate of 10 °C-min’!. The glass transition temperatures (7g)
were obtained from the second heating run.

Thermogravimetric Analysis (TGA) was performed with a NETZSCH STA449F3 Jupiter instrument at a
heating rate of 10 °C-min™! from room temperature to 800 °C under an atmosphere of nitrogen.
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2. Synthesis of 4-vinylbenzene sulfonyl fluoride monomers and their homopolymers

Synthesis of 4-vinylbenzene sulfonyl fluoride

=z PCls (2.0 equiv. = i

/\©9 5 5 ( quiv.) /\©\9 . KHF; (4.0 equiv.) /\©\O
§// g//O
cl E

$” DCM, 0 °C - rt, 4h MeCN/H,0, rt, 18 h
Na
1

The title compound 1 was prepared according to a modification of literature procedure. Under an N>
atmosphere, sodium 4-vinylbenzene sulfonate (6.34 g, 90 wt%, 30.0 mmol) and phosphorus pentachloride
(60.0 mmol, 12.49 g) were added to in dichloromethane (120 mL) and cooled to 0 °C. The reaction
mixture was then allowed to warm to room temperature slowly and reacted for 4 hours and then washed
with half-saturated brine (150 mL). The organic phase was dried with anhydrous sodium sulfate and then
filtered, concentrated in vacuo to get the crude product of 4-vinylbenzene sulfonyl chloride. The crude 4-
vinylbenzene sulfonyl chloride and potassium hydride fluoride (120.0 mmol) were added to a mixture of
acetonitrile (90 ml) and water (12 mL) at room temperature for 18 h. After most of the acetonitrile in the
reaction mixture was removed in vacuo, dichloromethane (150 mL) and distilled water (100 mL) were
added for extraction. The organic phase was combined after the water phase was extracted with
dichloromethane (3 x 100 mL). The combined organic layers were washed with half-saturated brine (100
mL), dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The crude product was
purified by flash column chromatography over silica gel (eluent: petroleum ether/ethyl acetate, 20:1 v/v)
to afford the title compound 1 as a white liquid (3.40 g, 61%). Ry = 0.60 (petroleum ether/ethyl acetate,
5:1 v/v). 'TH NMR (400 MHz, CDCl5): 8 7.98-7.95 (m, 2H), 7.63-7.61 (m, 2H), 6.81-6.76 (m, 1H), 5.97
(d, J=17.6 Hz, 1H), 5.54 (d, J = 10.9 Hz, 1H). *C NMR (101 MHz, CDCl3): § 144.9, 134.9, 131.7 (d,J
=24.6 Hz), 128.9, 127.3, 119.5. ’F NMR (376 MHz, CDCls): 8 66.24.

Synthesis of 4-vinylbenzene sulfonyl fluoride copolymer

PVBSF (3a)
Me S
NC/*\S)J\S/HMe
Me 11 Me LPO (2.0 equiv),
Z o AIBN NC STS(\/}Me AIBN (100.0 equiv) NC
”//O n 1
g DMF, 60 °C Me s MeCN, 80 °C Me
F
SO.F
1 3c 3a

A 10-mL Schlenk flask was charged with compound 7 (2.22 mg, 11.9 mmol), CPDT (68.6 mg, 0.20
mmol), AIBN (6.5 mg, 0.04 mmol) and N, N-dimethylformamide (2.00 mL). The mixture was
deoxygenated by three freeze-pump-thaw cycles under an N, atmosphere and then stirred at 60 °C for 24
h. The reaction mixture was cooled to room temperature and then quenched by opening the flask to air.
Volatiles were removed in vacuo and the polymer was precipitated in ethanol (3 x 40 mL) three
times.The precipitate was collected and dried in a vacuum oven for 12 h at 45 °C to afford title polymer
3c as a yellow solid (2.10 g, 95%) for SEC analysis. SEC (DMF, PMMA calibration): My: 12.6 kDa, My:
15.0 kDa, P: 1.19.

Trithioester end group of RAFT polymer 3¢ was removed according to a modification of the literature
procedure. A 50-mL Schlenk flask was charged with PVBSF 3¢ (1.40 g, containing 0.12 mmol RAFT end
groups), lauryl peroxide (96.9 mg, 0.24 mmol), AIBN (2.00 g, 12.2 mmol), and acetonitrile (12 mL). The
mixture was deoxygenated by three freeze-pump-thaw cycles under an N> atmosphere and then stirred at
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80 °C for 6 h. The reaction mixture was cooled to room temperature and then quenched by opening the
flask to air. Volatiles were removed in vacuo and the polymer was precipitated in ethanol (3 x 40
mL).The precipitate was collected and dried in a vacuum oven for 45 °C for 12 hours to obtain a white
solid polymer 3a (1.97 g, 94%). '"H NMR (400 MHz, C2D¢SO): & 7.94-7.31 (m, Hs7), 7.31-6.47 (m, Hay),
2.65-0.80 (m, Hi). 3C NMR (101 MHz, C2D6SO): & 153.9 (C3), 132.0-129.3 (Cs,7), 129.3—-127.0 (Cag),
45.6-42.1 (C2), 42.1-39.2 (C1). F NMR (376 MHz, C2D¢S0O): 8 66.69. SEC (DMF, PMMA calibration):
My: 13.6 kDa, My: 16.3 kDa, D: 1.20. TGA: 372 °C (50% weight loss). DSC: Ty: 179.7 °C.

PVBSF (3b)
NC/~\S s’@Me
Me 11 Me LPO (2.0 equiv.), Me 2 . Me
= o AIBN NC STS(\/}Me AIBN (100.0 equiv.) NC 1 ’\%\l
1_0 n 11 s|'n
E DMF, 60 °C Me S MeCN, 80 °C Me 2.,
7 5
6
SOzF SO,F
1 3d 3b

A 10-mL Schlenk flask was charged with compound 7 (779.0 mg, 4.2 mmol), CPDT (96.5 mg, 0.28
mmol), AIBN(9.2 mg, 0.06 mmol) and N, N-dimethylformamide (800 pL). The mixture was
deoxygenated by three freeze-pump-thaw cycles under an N, atmosphere and then stirred at 60 °C for 24
h. The reaction mixture was cooled to room temperature and then quenched by opening the flask to air.
Volatiles were removed in vacuo and the polymer was precipitated in ethanol (3 x 40 mL) three
times.The precipitate was collected and dried in a vacuum oven for 12 h at 45 °C to afford title polymer
3d (846.5 mg, 96%) for SEC analysis. SEC (DMF, PMMA calibration): M,: 3.8 kDa, My: 4.4 kDa, D:
1.15.

Trithioester end group of RAFT polymer 3d was removed according to a modification of the literature
procedure. A 50-mL Schlenk flask was charged with PVBSF 3d (700.0 mg, containing 0.22 mmol RAFT
end groups), lauryl peroxide (177.8 mg, 0.45 mmol), AIBN (3.66 g, 22.3 mmol), and acetonitrile (10 mL).
The mixture was deoxygenated by three freeze-pump-thaw cycles under an N, atmosphere and then
stirred at 80 °C for 6 h. The reaction mixture was cooled to room temperature and then quenched by
opening the flask to air. Volatiles were removed in vacuo and the polymer was precipitated in ethanol (3
x 40 mL).The precipitate was collected and dried in a vacuum oven for 45 °C for 12 hours to obtain a
white solid polymer 3b (626.9 mg, 90%). 'H NMR (400 MHz, C:DsSO): 6 7.94-7.31 (m, Hs7), 7.31-6.47
(m, Hag), 2.65-0.80 (m, Hi2). 3C NMR (101 MHz, C:D¢SO): 8 153.9 (C3), 132.0-129.3 (Cse.7), 129.3—
127.0 (Cag), 45.6-42.1 (C>), 42.1-39.2 (Cy). 'F NMR (376 MHz, C:D6SO): 8 66.69. SEC (DMF, PMMA
calibration): My: 4.3 kDa, My: 5.0 kDa, D: 1.14.
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3. Preparation of SuFEx Postpolymerization Sulfonamidation Reaction Optimization

0.025 equiv. HOB,
2.0 equiv. DIPEA,
2.0 equiv. TMDS or HMDSO

DMSO, 35°C, 24 h

.0 .0
z _S<
F/S\O HO™ ~O
2a

The general reaction procedure was: Under nitrogen protection, PVBSF 3a (50.0 mg, containing 0.27
mmol repeat units), 1-hydroxybenzotriazole (HOBt), N, N-diisopropylethylamine (94 pL, 0.54 mmol),
1,1,3, 3-tetramethyldisiloxane (95 pL, 0.54 mmol) or hexamethyldisiloxane (115 pL, 0.54 mmol) mixed
with anhydrous DMSO (500 pL). After stirring for 24 hours at a certain temperature, 1-fluoronaphthalene
(calibrated by the known mass of PVBSF raw material and 1-fluoronaphthalene) was added as an internal
standard for conversion determination by '°F NMR.
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4. Preparation of Sulfonamide polymer

0.025 equiv. HOB,

2.0 equiv. DIPEA, n
n n 2.0 equiv. TMDS
* Ri™ Ry
DMSO, 35 °C, 24 h 5
Ri-. .S%
,S:(o ™N""%0
F %0 !

R2
3a Ry, Ry=Ar Alkyl

The general reaction procedure was: Under nitrogen protection, PVBSF 3a (150.0 mg, containing 0.81
mmol repeat units), amine (0.96 mmol), HOBt (5.4 mg, 0.04 mmol),N, N-diisopropylethylamine (281 pL,
1.61 mmol), 1,1,3, 3-tetramethyldisiloxane (285 pL, 1.61 mmol) was mixed with anhydrous DMSO (1.50
mL). After stirring at 35 °C for 24 hours, the mixture was settled in ethanol. After the sedimentation was
repeated three times, the solvents were removed in vacuo and the precipitate was dried in a vacuum oven
for 45 °C for 12 hours.

Poly(N,N-dibenzyl-4-vinylbenzenesulfonamide) (3a)

22 9 S‘i/O
-9,
20 18 10~J1 13
19
16 14
5a 15

Target polymer 5a was isolated as a white solid (258.2 mg, 84%) with dibenzylamine (186 pL, 0.96
mmol) as an amine reagent according to the general procedure. 'H NMR (400 MHz, C2DSO): & 8.30—
6.15 (m, Ha57,8,12,13,14,15,16,18,19.2021,22), 4.74-3.84 (m, Ho,10), 2.46-0.77 (m, H;2). 3C NMR (101 MHz,
C2D6S0): 6 150.2 (C3), 138.6 (Cs), 130.4 (Ci1,17), 130.0-126.2 (C4,5,7,8,12,13,14,15,16,18,19.2021,22), 51.4 (Co,10),
44.2-39.0 (C12). SEC (DMF, PMMA calibration): My: 14.1 kDa, My: 17.5 kDa, D: 1.24. TGA: 405 °C
(50% weight loss). DSC: Tg: 100.9 °C.

Poly(N-(4-morpholinophenyl)-4-vinylbenzenesulfonamide) (7a)

Target polymer 7a was isolated as a black solid polymer (163.0 mg, 56%) using 4-(4-morpholinyl) aniline
(160 uL, 0.96 mmol) as an amine reagent according to the general procedure. 'H NMR (400 MHz,
C2D6S0O): 6 10.3-9.00 (m, Ho), 8.16-5.61 (m, Ha575,11,12,14,15), 4.09-3.45 (m, His,17), 3.15-2.64 (m, His,19),
2.40-0.51 (m, Hi2). *C NMR (101 MHz, C:DsSO):  148.6 (C3), 137.8 (Cs), 133.3-114.0
(C45,78,10,11,12,13,14,15), 44.2-39.0 (C12). SEC (DMF, PMMA calibration): My: 18.6 kDa, M: 22.3 kDa, B:
1.20. TGA: 373 °C (50% weight loss). DSC: Ty: 196.3 °C.

Poly((S)-N-(1-phenylethyl)-4-vinylbenzenesulfonamide) (7b)
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Target polymer 7b was isolated as a white solid polymer (181.7 mg, 73%) using S-1-phenethylamine

(125 pL, 0.96 mmol) as an amine reagent according to the general procedure. 'H NMR (400 MHz,
CzDésO)Z 0 8.64-7.77 (1’1’1, Hg), 7.76—6.04 (m, H4,5,6)7)13)14,15)16,17), 4.74-3.94 (m, H11), 2.35-0.49 (m, Hl,z,lo).
BC NMR (101 MHz, C:D6SO): § 151.4-145.8 (C3), 143.8 (C12), 140.0 (Ce), 129.7-127.6 (Cs,7,14,16),
127.6-125.5 (C43,13,15,17), 53.2 (C11), 44.2-39.0 (C12), 23.7 (C10). SEC (DMF, PMMA calibration): M,:
18.4 kDa, My: 21.4 kDa, D: 1.16. TGA: 500 °C (50% weight loss). DSC: T,: 110.7 °C. SEC (DMF,
PMMA calibration): My: 16.6 kDa, My: 19.5 kDa, D: 1.17. TGA: 376 °C (50% weight loss). DSC: T:
136.8 °C.

Poly(N-(pyridin-2-ylmethyl)-4-vinylbenzenesulfonamide) (7c)

Target polymer 7c was isolated as a white solid polymer(205.8 mg, 87%) using

2-aminomethylpyridine(100 pL, 0.96 mmol) as an amine reagent according to the general procedure. 'H
NMR (400 MHz, C2DsSO): 6 8.61-8.26 (m, His), 8.26-7.86 (m, Ho), 7.86—7.42 (m, Ha4z,13), 7.42-7.23 (m,
His), 7.23-7.04 (m, Hi2), 7.04-6.19 (m, Hs7), 4.54-3.69 (m, Hio), 2.46-0.93 (m, H;2). *C NMR (101
MHz, C2DsSO): 6 157.5 (Ci1), 149.6 (Cs), 149.0 (Cis), 138.8 (Cs), 137.0 (Ci3), 128.3 (Cs.7), 127.1 (Capg),
122.7 (C12), 122.0 (C14), 48.3 (Ci0), 46.1-41.6 (C2), 41.4-39.0 (C1). SEC (DMF, PMMA calibration): My:
18.4 kDa, My: 21.4 kDa, D: 1.16. TGA: 500 °C (50% weight loss). DSC: Tg: 110.7 °C.

Poly(N-(4-methoxybenzyl)-4-vinylbenzenesulfonamide) (7d)

Target polymer 7dwas isolated as a white solid polymer (218.2 mg, 84%) using

p-methoxybenzylamine (126 uL, 0.96 mmol) as an amine reagent according to the general procedure. 'H
NMR (400 MHz, C2D¢SO): 8 8.38-7.77 (m, Hy), 7.77-7.30 (m, Hag), 7.30—6.99 (m, Hs7), 6.99-6.10 (m,
H12,13,16,17), 4.13-3.73 (1’1’1, Hlo), 3.73-3.53 (1’1’1, Hls), 2.48-0.70 (m, Hl,z). BC NMR (101 MHz, CzDsSO)Z )
158.9 (Ci4), 149.8 (C3), 139.3 (Cs), 130.0 (Ci1), 129.4 (Ci217), 128.2 (Cs,7), 127.0 (Cag), 114.0 (Ci3,16),

16
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55.5 (Cis5), 46.1 (C1o), 44.8-41.4 (Cy), 41.4-38.6 (C1). SEC (DMF, PMMA calibration): My: 18.8 kDa, My:
21.9 kDa, D: 1.16. TGA: 773 °C (50% weight loss). DSC: T,: 103.9 °C.

Poly(N-(4-methoxybenzyl)-4-vinylbenzenesulfonamide) (7e)

Target polymer 7e was isolated as a white solid polymer (265.7 mg, 87%) using

p-4-bromo-2-fluorophanol (106 pL, 0.96 mmol) as an amine reagent.according to the general procedure.
"H NMR (400 MHz, C2D6SO):  8.03—7.43 (m, Hsg11), 7.43-7.23 (m, His), 7.23-6.27 (m, Hs7,13), 2.82—
0.58 (m, Hi2). *C NMR (101 MHz, C2D6SO): 8 155.5 (C10), 153.0 (C3), 135.7 (Cy), 132.5 (Cs), 130.9—
127.4 (Cag,13), 127.4-125.1 (Cs,7), 121.4-119.8 (Ci1,12,14), 43.4-41.6 (C2), 41.6-39.3 (C1). 'F NMR (376
MHz, CDCI): 6 —124. 53. SEC (DMF, PMMA calibration): My: 15.9 kDa, My: 19.3 kDa, B: 1.21. TGA:
370 °C (50% weight loss). DSC: Ty: 104.6 °C.
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5. Preparation of PVBSF copolymer
Poly(N,N-dibenzyl-4-vinylbenzenesulfonamide)-co-polystyrene (8)

2 10
0.04 iv. AIBN 160Mm
.04 equiv. n 1
SO,F 65°C 7 5 15@ 13
6 14
VBSF St SO.F

n: m=60: 40
8

Under nitrogen protection, VBSF (466.5 mg, 2.50 mmol), styrene (287 puL, 2.50 mmol), AIBN (16.4 mg,
0.10 mmol) and DMF (1.00 mL) were added to a 10-mL Schlenk flask. The mixture was deoxygenated
by three freeze-pump-thaw cycles under an N> atmosphere and then stirred at 65 °C for 10 h. The reaction
mixture was cooled to room temperature and then quenched by opening the flask to air. After the
sedimentation operation was repeated three times, the solvents were removed in vacuo and the precipitate
was dried in a vacuum oven for 45 °C for 12 hours. The white solid polymer 8 (589.3 mg, 81%) was
obtained. SEC (DMF, PMMA calibration): M,: 30.7 kDa, M,: 67.8 kDa, D: 2.21. TGA: 394 °C (50%
weight loss). DSC: Tg: 159.8 °C.

18
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6. Exhaustive Sulfonamidation of PVBSF copolymer

co 0.025 equiv. HOBt,
n m 2.0 equiv. DIPEA,
2.0 equiv. TMDS

DMSO, 35 °C, 24 h
SO,F

n: m=60: 40
8

Under nitrogen protection, PVBSF-co-PS 8 (150.0 mg), dibenzylamine (186uL, 0.96 mmol), HOBt (5.4
mg, 0.04 mmol), N, N-diisopropylethylamine (281 pL, 1.61 mmol), 1,1,3, 3-tetramethyldisiloxane (285
pL, 1.61 mmol) was mixed with anhydrous DMSO (1.50 mL). The mixture was stirred at 35 °C for 24 h.
After the sedimentation operation was repeated three times, the solvents were removed in vacuo and the
precipitate was dried in a vacuum oven for 45 °C for 12 hours. The white solid polymer 9 (229.6 mg,
82%) was obtained. SEC (DMF, PMMA calibration): My: 37.5 kDa, My: 87.1 kDa, D: 2.32. TGA: 397 °C
(50% weight loss). DSC: Ty: 86.3 °C.
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