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ABSTRACT: RAFT polymerization of 4-acryloxyphenyldimethylsulfo-
nium triflate (SR-AEM) using pentafluorophenyl-(4-phenylthiocarbonyl-
thio-4-cyanovalerate) as the chain transfer agent and AIBN as a radical source
in acetonitrile at 90 °C yielded poly(4-acryloxyphenyldimethylsulfonium
triflate) (poly(SR-AEM))s in high yields with well-controlled molecular
weights and polydispersity indices. The reactive polymer poly(SR-AEM)
was converted using an excess amount of amines, e.g., isopropylamine
yielding predominantly poly(N-isopropylacrylamide) with defects of
poly(4-acryloxyphenyl methylsulfide) in a minor ration of less than 16%.
Furthermore, poly(SR-AEM) could be converted by thermo-triggered
release of methyl group at dimethylsulfonium ion group to afford poly(4-
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acryloxyphenyl methylsulfide) (poly(APM)) as proved by 'H NMR mea-

surements, which did not react with amines anymore. To the best of our

knowledge, this represents the first temperature-induced “on—off switching” of the reactivity of an activated ester by using
4-dimethylsulfonim phenol as the stimuli-responsive leaving group.

B INTRODUCTION

In a growing area of functional polymer science, polymers with
readily clickable groups receive increasing attention because of
their robust and reliable ability to yield functional materials
such as bio-related polymers. Such post-polymerization
processes can be conducted not only in solution but also on
surfaces.' " To expand the scope of click ready functional
materials, many click type reactions have been utilized. This
includes Cu(I)-catalyzed'” and metal-free” 1,3-dipolar cyclo-
addition reactions between organo-azides and acetylenes as well
as thiol—ene,® thiol—maleimide,” isocyanate—nucleophile,'” ™"
and activated ester—amine'® reactions, which all practically lead
to quantitative conversions during the post-polymerization
modification step. Although the variety in reactants, catalyst,
and reaction conditions can be varied, the click reaction site
itself provides only a fixed reactivity toward certain molecules.
Hence, incorporation of different functionalities into a polymer
by post-polymerization modifications has been achieved by
orthogonal click reaction sites, which eventually leads to
orthogonally functionalized block copolymers.**~>*

Among the number of functionalities that are potentially
useful in material science, polymers with stimuli responsive
properties are particular appealing.”®> When such stimuli
responsive properties could be combined with a click reactivity,
stimuli-induced switching of reactivity in click chemistry is
rationally expected, which would lead to a new functionaliza-
tion methodology for polymer scientists. Despite the great
importance and potential of stimuli triggered reactivity
switching for click type reactions, almost no attention has
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been paid to this synthetic area yet. While poly(4-vinylbenzoyl
azide) could be used to generate isocyanate groups upon
heating,* i.e,, showing in principle the possibility of temperature-
responsive functionalization, it was Locklin and co-workers who
reported a photoresponsive polymer film consisting of cyclo-
propenone as a photoresponsive clickable reaction site, and they
succeeded in a spatially controlled functionalization.”” However,
cyclopropenone-based click chemistry suffers from the difficulty
of the monomer synthesis.28 Furthermore, it was unfortunate
that neither conversions were reported nor any reaction in
solution investigated.””

In order to realize an external-stimuli triggered reactivity
switching for click type reactions, phenoxy ester type activated
ester chemistry possesses intrinsic advantages over other click
type reactions: (1) no catalyst for the post-polymerization
process is required, ensuring a high tolerance toward other
coexisting functional groups, (2) structural diversity of the
benzene ring providing a variability in solubility and reactivity,
and (3) ease of chemical modification on benzene ring of
phenoxy ester type activated ester because of their chemical
stability other than nucleophiles. The rational requirement for
stimuli-triggered reactivity switching of activated ester based on
phenoxy ester type activated ester would be a switching from an
electron deficient leaving group to an electron-rich leaving
group triggered by external stimuli. In order to meet this
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Scheme 1. Schematic Representation of Temperature-Triggered Reactivity On—Off Switching of an Activated Ester
Functionality Embedded in Poly(4-acryloxyphenyldimethylsulfonium triflate)

Activated Ester “Non"-activated Ester
RAFT Polymerization heating %
- Ar/ 90 °C oo “ oo
) PFP-CTA / AIBN s
(o] 4 > u
CH,CN g - — Electron
Stimuli Triggered donatin
o ® h 1 S 9
O Electron _s”  Structure Change !! 7
; . ; Me Me
Mé withdrawing s
CF3S0s CFsS0s™  Treatment with amine
Reactivity Reactivity

"0/7”

‘Off”

" /
™

requirement, we turned our attention to the 4-dialkylsulfonium
phenol as a stimuli-responsive leaving group.*® First, 4-dialkyl-
sulfonium phenol itself possesses highly acidic phenol proton
with a pK, & 7.5 and hence represents a good leaving group
within ester derivatives because of the strong electron-with-
drawing nature of sulfonium cation.”” In addition, 4-dialkyl-
sulfonium phenol is well-known to be decomposed applying
a temperature stimuli to yield 4-alkylthiophenol, with a pK, ~
10.0, and hence its leaving-group ability of the respective
ester derivatives is dramatically decreased because of electron-
donating nature of the alkyl sulfide group.” In fact, Nagai and
co-workers showed that incorporation of 4-dialkylsulfonium
phenoxy ester moieties within a polymeric micelle exhibited
a facile reactive site toward amines.’*">* Furthermore, 4-acryl-
oxyphenyldimethylsulfonium ion was revealed to possess facile
radical polymerizability under both free and controlled radical
polymerization conditions.**™>* On the other hand, to the best
of our knowledge, no detailed characterization about activated
ester reactivity was yet reported for well-defined homopolymers
featuring 4-dialkylsulfonium phenoxy ester moieties. In addition, a
stimuli-triggered reactivity change of a 4-dialkylsulfonium
phenoxy ester moiety within polymers has also never been
examined.

Hence, in this article, we describe (i) the evaluation of our
concept of external-stimuli triggered reactivity switching of
4-dialkylsulfonium phenoxy esters by means of model
compounds and reactions, (ii) the RAFT polymerization of
the corresponding monomer 4-acryloxyphenyldimethylsulfonium
triflate to afford a polymeric activated ester, and (iii) the
investigation of the post-polymerization modifications taking
advantage of the switching behavior of the reactivity (Scheme 1).

B RESULTS AND DISCUSSION

Monomer Design Concept of Stimuli-Responsive
Activated Ester Monomer (SR-AEM). The monomer design
concept in this article is comprised of the following two points:
(1) a structural change of the leaving group from an electron-
withdrawing state to an electron-donating group triggered by
a temperature stimuli and (2) the reactivity change in the
ester linkage along with the structural change in leaving group.
To meet these requirements, 4-(dimethylsulfonium)phenol
was selected as stimuli-responsive leaving group. First, model
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reactive compounds using the 4-acetoxyphenyldimethylsulfonium
triflate (DMS-Ac) as an activated ester form and 4-(methysulfide)-
phenoxy acetate (MS-Ac) as the corresponding deactivated ester
were investigated to confirm whether the concept of reactivity
change properly works or not (see Scheme 2). In order to provide

Scheme 2. Schematic Representation of Temperature-
Triggered Reactivity On—Off Switching in Activated Ester
Functionality for Model Compounds
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a direct evidence of the structural change of the sulfonium ion
group triggered by temperature, the reaction of DMS-Ac during
heating was directly monitored by 'H NMR. The thermal
reaction of DMS-Ac was conducted in DMSO by heating to
120 °C for 1 h. As shown in Figure 1, the thermal treatment
induced distinct structural changes and the observed 'H NMR
signals are in a perfect agreement with the peaks observed for
the corresponding MS-Ac as the deactivated ester compound.
To investigate the reactivity change, the model reactions
between the model compounds MS-Ac or DMS-Ac with
hexylamine were also directly monitored by '"H NMR. As a
direct consequence of the electron-donating nature of the
methyl sulfide group, the deactivated ester of MS-Ac showed
0% conversion even after 1 h in the presence of 2.0 equiv of
hexylamine (see Figure S-1, Supporting Information). By
design, this is in a clear contrast to the results that had been
obtained for the reaction of DMS-Ac in the presence of just
1.1 equiv of hexylamine. Because of the introduction of the
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Figure 1. "H NMR spectra in DMSO-d, of (A) DMS-Ac, (B) DMS-Ac
after thermal treatment at 120 °C in DMSO-d4 for 1 h without
purification, and (C) MS-Ac.

sulfonium ion group at the para position in the benzene ring,
a drastic reactivity change was induced, resulting in over
95% conversion within 40 min (see Figure 2A). Because
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Figure 2. (A) Conversion of the DMS-Ac for the reaction between
DMS-Ac and hexylamine in CDCl; (line; guidance). (B) Kinetic plots
for the reaction between DMS-Ac and hexylamine in CDCl,.

trialkylsulfonium ions are well-known to act as methylating
agent for nucleophiles, which might cause potential side
reactions, IR measurements of the reaction system were
conducted to provide a direct evidence that the amidation
reaction indeed took place at the carbonyl group (Figure 3). To
be more precise, in the FT-IR spectrum of the DMS-Ac after
reaction with hexylamine (Figure 3A) a distinct band at 1653 cmi™*
owing to the C=0O stretch of amide group developed while
the band at 1763 cm™! owing to the C=0 stretch of activated
ester group disappeared. Thus, the amidation reaction of DMS-Ac
indeed took place at the carbonyl group. Furthermore, a kinetic
study for the model reaction between DMS-Ac and hexylamine
revealed a very fast amidation reaction at 25 °C and followed a
second-order kinetic nature, which is consistent with the two
component reaction of DMS-Ac with hexylamine (Figure 2).
Thus, these model reactions supported that the main concept
of thermally induced reactivity change can be achieved by using
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Figure 3. IR spectra of the DMS-Ac before (A) and after (B) the
reaction with hexylamine in CHCl,.
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4-(dimethylsulfonium)phenol triflate as a thermoresponsive
leaving group.

RAFT Polymerization of Stimuli-Responsive Activated
Ester Monomer (SR-AEM). In order to realize the RAFT
polymerization of 4-acryloxyphenyldimethylsulfonium triflate
(SR-AEM), the synthetic procedure to obtain SR-AEM
followed general design principles based on a methodology
employed by Huck et al>® Briefly, 4-methylsulfide phenoxy
acrylate, obtained by standard esterification chemsitry of
4-methylsulfide phenol with acryloyl chloride, was reacted with
methyl triflate (MeOTf). The key step was the methylation of
the sulfide linkage using MeOTY, which avoided the possibility
of metal contamination and hence shows high compatibility
with RAFT technique. Next, we carried out the RAFT
polymerization of SR-AEM using pentafluorophenyl-(4-phenyl-
thiocarbonylthio-4-cyanovalerate) as the chain transfer agent
(PFP-CTA) and AIBN as a radical source in acetonitrile at
90 °C under an argon atmosphere with a ratio of [SR-AEM],/
[PFP-CTA],/[AIBN], being 50:1:0.5.*° The SR-AEM mono-
mer conversion reached 86% after 2 h, yielding poly(SR-AEM)
with a degree of polymerization (DPyyr) of 504 and a
molecular weight distribution (M,,/M,) of 1.32 in 70% isolated
yield. The degree of polymerization of the obtained poly(SR-
AEM) (DP = 50.4) was in good agreement with theoretical
DPpeoretical = 43.1, which was calculated from the initial ratio of
[SR-AEM],/[PFP-CTA],. In addition, the SEC curve of the
obtained polymer was unimodal, and its M,,/M,, value was fairly
narrow,*! indicating that the polymerization occurred in a
controlled fashion. In the '"H NMR spectrum of the obtained
polymer, the major signals in the range both from 7.2 to
7.6 ppm and from 7.9 to 8.2 ppm were assigned to the aromatic
protons and the sharp singlet signal in the range from 3.0 to
3.3 ppm was assigned to the methyl protons of disulfonium ion
moiety, while the remaining broad signals appearing in the
range from 1.9 to 2.5 ppm were assigned to the protons of the
polyacrylate backbone (see Figure 4, upper spectrum). Thus,
these results indicated that the RAFT polymerization of SR-
AEM proceeded in a controlled manner with fairly good con-
trol over polymerization yielding poly(SR-AEM).
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Figure 4. '"H NMR spectra of the SR-AEM (upper) and poly(SR-
AEM) (lower) in DMSO-dj.

To confirm that the polymerization system proceeded in a
controlled fashion, we carried out the RAFT polymerization of
SR-AEM using various ratios of the [SR-AEM],/[PFP-CTA],
from 20 to 80 (Table 1 shows the polymerization results). As a

Table 1. RAFT Polymerization of SR-AEM Using PFP-CTA
as Chain Transfer Agent”

[M],/[CTA],/ time conv?
run [AIBN], min) (%) DPy.. DPyyr® M,/M,°
1 50/1/0.5 120 862 43.1 48.8 1.32
2 50/1/0.5 20 0 n.d. n.d. n.d.
3 50/1/0.5 30 17.0 8.5 8.7 1.18
4 50/1/0.5 40 45.0 225 28.9 117
s 50/1/0.5 50 64.3 322 30.0 1.18
6 50/1/0.5 60 79.4 39.7 413 1.30
7 50/1/0.5 90 81.3 40.7 48.8 1.28
8 20/1/0.5 120 90.5 18.1 18.6 117
9 80/1/0.5 120 90.2 73.6 65.5 1.44

“[M] = 0.93 mol LY; solvent, CH;CN; temperature, 90 °C. “Deter-
mined by 'H NMR in CDCl,. “Calculated from ([M],/[1],) X conv.
“Determined by end-group analysis using ’F NMR in DMSO-d,.
“Determined by SEC in THF using PSt standards. The poly(SR-
AEM)s were thermally treated prior to injection to the SEC7.

direct consequence of the living nature of the RAFT poly-
merization of SR-AEM, the obtained poly(SR-AEM) had
molecular weights that matched the theoretical values cal-
culated by the [SR-AEM],/[PFP-CTA], (SEC traces of runs 1,
8, and 9 in Table 1 are shown in Figure S). It turned out,
however, that a better control was obtained for smaller ratios of
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Figure S. SEC traces of the poly(SR-AEM) (runs 1, 8, and 9; eluent,
THF; flow rate, 1.0 mL min™"). The poly(SR-AEM)s were thermally
treated prior to injection to the SEC.

[SR-AEM], to [PFP-CTA], as SEC revealed a slight tailing for
the ratio of 80:1. For further evidence of the controlled nature
of the RAFT polymerization of SR-AEM, we carried out a
kinetic investigation in acetonitrile at 90 °C under an argon
atmosphere with a ratio of [SR-AEM],/[PFP-CTA],/[AIBN],
being 50:1:0.5. Although a short induction period was observed,
the kinetic experiments showed a distinct first-order relationship
between the reaction time and monomer conversion until the
polymerization system reached around 80% monomer con-
version (Figure 6A). Furthermore, the molecular weight of the
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Figure 6. (A) Kinetic plots for the polymerization of SR-AEM (line;
guidance). (B) Dependence of degree of polymerization (DPyyr) and
polydispersity (M,,/M,) on the monomer conversion.

obtained poly(SR-AEM) increased linearly with the reaction
time (Figure 6B). It thus can be concluded that SR-AEM can be
polymerized with a good control to molecular weights up to
25 kg/mol, making a very suitable candidate for a further
investigation in post-polymerization modifications.

On—Off Reactivity Switching of the Activated Ester
Moiety Embedded in Poly(SR-AEM). As a direct con-
sequence of the successfully demonstrated preliminary model
study (vide supra), the obtained poly(SR-AEM) was rationally
expected to show a stimuli-responsive switching of its activated
ester moiety. Hence, to verify the presence of the activated
ester, the obtained polymer was reacted with an excess amount
of i-Pr-NH, in CH;CN for 19 h. After the reaction mixture was
purified by dialysis in MeOH, a polymer powder was obtained
in more than 83% isolated yield. The FT-IR spectrum of the
obtained polymer revealed the development of a distinct band

dx.doi.org/10.1021/ma202175z | Macromolecules 2012, 45, 1331-1338
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at 1645 cm™' owing to C=0 stretch of amide group, while
C=0O stretch band of the activated ester group at 1750 cm™'
decreased dramatically (see Figure 7). Furthermore, in the 'H
NMR spectrum of the obtained polymer, distinct peaks due to
isopropyl group appeared from 0.8 to 1.1 ppm and from 3.7 to
4.0 ppm while the peaks in the range from 7.1 to 7.6 ppm and
from 7.8 to 8.2 ppm owing to the activated ester moiety
disappeared (see Figure 8). Additionally, the 'H NMR spec-
trum of the obtained polymer was in a good agreement with that
of poly(N-isopropylacrylamide) synthesized by direct RAFT
polymerization of N-isopropylacrylamide (see Figure 8B,C).
The 'H NMR spectrum of the obtained polymer revealed
small but distinct peaks from 2.4 to 2.5 ppm owing to methyl
sulfide linkage, showing that side reaction of methylating of
amine took place in minor ratio of not more than 16%, based
on 'H NMR integration. The post-polymerization reaction took
place predominantly with high efficiency. Thus, these results
supported that the reaction between poly(SR-AEM) and
i-Pr-NH, proceeded with high conversion affording poly-
(N-isopropylacrylamide) as a product, which showed that
poly(SR-AEM) acted as a facile polymeric activated ester very
similar to poly(N-succinimidyl acrylate) or poly(pentafluorophenyl
acrylate).'

We next focused on the external stimuli responsive property
of poly(SR-AEM). The thermal reaction of poly(SR-AEM) was
conducted in DMSO at 120 °C, and the reaction progress was
directly monitored by '"H NMR measurement. As successfully
demonstrated by the model reaction, poly(SR-AEM) was
converted by thermo-triggered release of methyl group at
dimethylsulfonium ion group to afford poly(4-acryloxyphenyl
methylsulfide) (poly(APM)) as a nonactive form of poly(SR-
AEM), which was directly proven by 'H NMR measurement
(see Figure 9). The signals in the ranges from 7.1 to 7.6 ppm
and from 7.8 to 82 ppm due to phenyl ring bearing
dimethylsulfonium ion group were completely shifted to the
signal in the range from 6.8 to 7.3 ppm. In addition, the sharp
peak in the range from 3.1 to 3.3 ppm owing to dimethyl-
sulfonium ion group disappeared completely while a new peak
appeared in the range from 2.4 to 2.5 owing to methylthio
group. Furthermore, the '"H NMR spectrum of the decomposed
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Figure 8. 'H NMR spectra in DMSO-dg of (A) poly(SR-AEM),
(B) poly(SR-AEM) after the treatment with i-Pr-NH, in CH,;CN
overnight, and (C) poly(N-isopropylacrylamide) synthesized by
radical polymerization.

polymer by thermo-reaction was in perfect agreement with the
'"H NMR spectrum of poly(4-methylthiophenoxy acrylate),
which was prepared by direct RAFT polymerization of 4-methyl-
thiopheoxy acrylate (see Figure 9). In addition to the spectral
evidence, the solubility of the decomposed polymer differed
from poly(SR-AEM). As a direct consequence of the highly
ionic nature of poly(SR-AEM), poly(SR-AEM) showed a good
solubility in only polar solvents such as MeOH, DMSO, DMF,
and acetonitrile while it was insolubile in THF or CHCl;. In a
clear contrast, the nonactive form of poly(SR-AEM) was only
soluble in nonpolar solvents such as THF, CHCl;, CH,Cl,, and
1,4-dioxane, which strongly supported that the obtained poly-
mer lost its ionic nature and thus its activated ester behavior
during the decomposition. Thus, it turned out to be very clear
that poly(SR-AEM) was converted to poly(4-methylthio-
phenoxy acrylate) by the temperature-triggered reaction, which
also resulted in a solubility change from an even water-soluble
polymer to nonpolar polymer by a simple thermal treatment.
We finally focused on the examination of on—oft reactivity
switching in poly(SR-AEM) triggered by the temperature
stimulus. We evaluated the reactivity for both poly(SR-AEM)
and poly(APM) using 1.1 equiv of various amines in CD;CN
and CDCl,, respectively, for 1 h at room temperature, and the
reactions were directly monitored by '"H NMR measurements.
It has to be noted that longer reaction times will lead in

dx.doi.org/10.1021/ma202175z | Macromolecules 2012, 45, 1331-1338



Macromolecules

Water

THF

Water

DMSO
RVA%N J B)
g
Water ?
Me
DMSO
JY\ s C)
8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 15 1.0
3 (ppm)

Figure 9. "H NMR spectra in DMSO-d; of (A) poly(SR-AEM), (B) poly(SR-AEM) after thermal treatment at 120 °C in DMSO overnight, and
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particular for the reactive poly(SR-AEM) to higher conversions.
However, to obtain comparable data, reaction times of 1 h were
chosen. As shown in Figure 10, poly(SR-AEM) reacted with
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Figure 10. Reactivity comparison of poly(SR-AEM) with poly(APM)
using various amines.

various amines except for aromatic amines, such as aniline. This
reactivity tendency is similar to that of poly(pentafluorophenyl
acrylate).”" Thus, poly(SR-AEM) can be referred to the “on”
state with respect to reactivity. On the other hand, the non-
active form of poly(SR-AEM), mainly poly(APM), which was
obtained after decomposition of poly(SR-AEM), showed a
dramatically decreased reactivity toward various amines includ-
ing even primary amines which are known to show high
reactivity toward activated ester such as pentafluorophenyl
ester.”’ When morpholine was used, the side reaction of methyl-
ation reaction was also observed as in the case of isopropyl-
amine. Because of high vapor pressure of isopropylamine, it was
not used in this comparative study; however, isopropylamine
can successfully be used in the post-functionalization reaction
for the post-modification of poly(SR-AEM) (vide supra).
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Interestingly, 2-methoxyethylamine showed a relatively low
conversion of only 40% after 1 h. In contrast, the experiments
with pyrrolidine and 2-dimethylaminoethylamine showed very
high conversions of the activated ester poly(SR-AEM) after 1 h
(77% and 94%, respectively), while almost no conversion of the
deactivated poly(APM) could be observed.*” This result clearly
showed that decomposed state of poly(SR-AEM) can be
termed as “off” state with respect to reactivity. Accordingly, this
study represents the first example of a stimuli-triggered “on—
off” switching in reactivity of an activated ester by utilizing
4-dimethylsulfonim phenol as stimuli-responsive leaving group.

B CONCLUSIONS

In this study, we succeeded in the establishment of a new
concept of external-stimuli triggered reactivity switching in
phenoxy ester type click reaction using 4-dialkylsulfonium
phenol as stimuli-responsive leaving group. The successful con-
cept was demonstrated by means of model compounds and
reactions. In addition, the RAFT polymerization of 4-acryl-
oxyphenyldimethylsulfonium triflate was achieved using PFP-
CTA as chain transfer agent affording polymeric activated ester
of poly(SR-AEM) with good control over the polymerization.
Obtained poly(SR-AEM) was successfully converted to
deactivated ester state of poly(APM) by heating, ie., stimu-
lation by temperature. To the best of our knowledge, we
realized the first temperature induced “on—off” switching in
reactivity of activated ester by using 4-dimethylsulfonium
phenol as stimuli-responsive leaving group.

B EXPERIMENTAL SECTION

Materials. The methyltriflate was available from the Sigma-Aldrich
Chemicals Co. and used as received. The 4-(methylthio)phenol was
purchased from the Tokyo Kasei Kogyo Co. Ltd, and used as
received. For polymerization, HPLC grade acetonitrile (>99.9%) was
purchased from the VWR Co., Inc, and used without further

dx.doi.org/10.1021/ma202175z | Macromolecules 2012, 45, 1331-1338
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purification. The pentafluorophenyl-(4-phenylthiocarbonylthio-4-
cyanovalerate) was synthesized according to a previous report.*® All
other chemicals were commercially available and used without further
purification unless otherwise stated.

Instruments. All 'H and *C NMR spectra were recorded on a
Bruker 300 MHz FT-NMR spectrometer in deuterated solvents and
chemical shifts (§) were given in ppm as solvent peak as internal
standard. '°F NMR spectra were recorded on a Bruker 400 MHz FT-
NMR spectrometer in deuterated solvents. The size exclusion
chromatography (SEC) was performed at room temperature using a
Jasco high performance liquid chromatography (HPLC) system (PU-
1580 Intelligent HPLC pump, RI-1530 Intelligent RI detector, AS-
1555 Intelligent HPLC autosampler, and DG-2080-53 degasser)
equipped with three MZ Analysetechnik MZ-Gel SDplus columns in
THF at a flow rate of 1.0 mL min™". The number-average molecular
weight (M,) and polydispersity (M,,/M,) of the polymers were
calculated on the basis of a polystyrene calibration. IR spectra were
recorded on a Bruker Vector 22 FT-IR spectrometer using an ATR
unit.

Synthesis of Stimuli-Responsive Activated Ester Mono-
mer. Synthesis of 4-Acryloxyphenyl Methylsulfide. To the CH,Cl,
solution (30 mL) of 4-methylsulfide phenol (10.0 g 71.4 mmol)
and triethylamine (7.96 g, 78.6 mmol) was added acryloyl chloride
(7.12 g, 78.6 mmol) in CH,Cl, (20 mL) at 0 °C for 30 min. After the
reaction mixture was stirred at room temperature overnight, the
mixture was filtered. The filtrate was collected and washed with
1 N HCl(aq), 1 N Na,COs(aq), and water. The organic layer was
dried with MgSO,. The solution was evaporated to give 4-acryl-
oxyphenyl methylsulfide as pale brown liquid. Yield: 11.3 g (58.2
mmol, 81.5%) 'H NMR (CDCl,, 300 MHz) § (ppm): 7.26 (2H, d, ] =
8.9 Hz), 7.05 (2H, d, ] = 8.9 Hz), 6.58 (1H, dd, ] = 17.3, 1.3 Hz), 6.29
(1H, dd, J = 17.3, 104 Hz), 5.98 (1H, dd, ] = 104, 1.3 Hz), 245
(3H, s). *C NMR (CDCl;, 75 MHz) § (ppm): 164.50, 148.27,
135.72, 132.64, 127.96, 127.81, 121.97, 16.44.

Synthesis of 4-Acryloxyphenyldimethylsulfonium Triflate (SR-AEM).
To a CH,Cl,/CH;CN mixture solution (40/4 mL) of 4-methylsulfide
phenoxy acrylate (8.0 g, 41.2 mmol) methyl triflate (7.4 g, 45.2 mmol)
was slowly added at 40 °C and allowed to react for 16 h. Afterward,
the reaction mixture was cooled down to room temperature, and the
mixture was poured into large portion of diethyl ether. The precipitate
was collected and dissolved in hot THF. The THF solution was
poured into large portion of diethyl ether to yield 4-acryloxyphenyldi-
methylsulfonium triflate as pale yellow solid. Yield: 14.6 g (40.7 mmol,
98.8%). '"H NMR (DMSO-d,, 300 MHz) & (ppm): 8.14 (2H, d, ] =
8.9 Hz), 7.59 (2H, d, ] = 8.9 Hz), 6.58 (1H, dd, J = 17.2, 1.5 Hz), 6.44
(1H, dd, J = 17.2, 10.1 Hz), 621 (1H, dd, J = 10.1, 1.5 Hz), 3.27
(3H, s). C NMR (DMSO-ds, 75 MHz) & (ppm): 163.75, 154.18,
134.68, 131.85, 127.26, 124.14, 123.98, 120.79 (q, ] = 322.2 Hz), 28.47.
F NMR (DMSO-d¢) & (ppm): —78.1 (3F, s). FT-IR (ATR-mode):
1739 cm! (C=0 reactive ester band) Anal. Calcd for C;,H;;F;0;S,
(358.35): C, 40.22; H, 3.66. Found: C, 40.09; H, 3.57.

General Procedure for RAFT Polymerization of SR-AEM. RAFT
polymerization of SR-AEM was carried out as follows: An acetonitrile
solution (1.5 mL) containing SR-AEM (500 mg, 1.4 mmol),
pentafluorophenyl-(4-phenylthiocarbonylthio-4-cyanovalerate) (12.5 mg,
0.028 mmol), and AIBN (2.3 mg, 0.014 mmol) was degassed with Ar at
room temperature for 15 min. After degassing, the reaction mixture was
stirred at 90 °C for 2 h. The reaction mixture was then cooled down and
exposed to air to quench the polymerization. A portion of the reaction
mixture was collected for the purpose to determine the monomer
conversion, while the rest of the reaction mixture was diluted with
acetonitrile. The polymer was purified by reprecipitation (acetonitrile/
THF) to produce pale red solid. Yield: 368 mg (73.6%).

Synthesis of Model Compounds. Synthesis of 4-Acetoxy-
phenyl Methylsulfide (MS-Ac). To a CH,Cl, solution (15 mL) of
4-methylsulfide phenol (5.0 g, 35.7 mmol) and triethylamine (3.98 g,
39.3 mmol) acetyl chloride (7.12 g, 39.3 mmol) in CH,Cl, (10 mL)
was added at 0 °C for 30 min. After the reaction mixture was stirred at
room temperature overnight, the mixture was filtered. The filtrate was
collected and washed with 1 N HCl(aq), 1 N Na,CO5(aq), and water.
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The organic layer was dried with MgSO,. The solution was evaporated
to give 4-acetoxyphenyl methylsulfide as pale yellow solid. Yield: 5.9 g
(32.6 mmol, 91.3%). '"H NMR (CDCl,;, 300 MHz) § (ppm): 7.25 (d,
J = 8.9 Hz, 2H), 7.00 (d, J = 8.9 Hz, 2H), 2.45 (s, 3H), 2.26 (s, 3H).
BC NMR (CDCl,;, 75 MHz) & (ppm): 169.47, 148.37, 135.67, 127.97,
122.03, 21.07, 16.44.

Synthesis of 4-Acetoxyphenyldimethylsulfonium Triflate (DMS-Ac).
To a CH,Cl,/CH;CN mixture solution (10/1 mL) containing 4-acet-
oxyphenyl methylsulfide (2.0 g, 11.0 mmol) methyl triflate (2.0 g,
12.1 mmol) was slowly added at 40 °C and allowed to react for 13.5 h.
Afterward, the reaction mixture was cooled down to room temper-
ature, and the mixture was poured into large portion of diethyl ether.
The precipitate was collected and dissolved in acetone. The acetone
solution was poured into large portion of diethyl ether to yield
4-acetoxyphenyl dimethylsulfonium triflate as white powder. Yield: 3.3 g
(9.5 mmol, 86.4%). "H NMR (DMSO-d,, 300 MHz) & (ppm): 8.12
(2H, d, ] = 8.8 Hz), 7.51 (2H, d, ] = 8.8 Hz), 3.26 (6H, s), 2.31
(3H, s). °C NMR (DMSO-d,, 75 MHz) § (ppm): 168.91, 154.4S,
131.79, 12420, 123.71, 120.79 (q, ] = 322.2 Hz), 28.48, 20.94. F
NMR (DMSO-dg) 6 (ppm): —78.1 (3F, s). FT-IR (ATR mode):
1763 cmi ! (C=0 reactive ester band). Anal. Calcd for C;;H,3F;0:S,
(346.34): C, 38.15; H, 3.78. Found: C, 37.86; H, 3.64.

Determination of Theoretical Degree of Polymerization for
RAFT Polymerization. In a RAFT polymerization, a theoretical
degree of polymerization was calculated as follows:

[monomer]

X (monomer conv)
[CTA],

DDBeoretical =

The monomer conversion was directly determined from the "H NMR
measurements of the polymerization mixtures.

SEC Measurements of the Polymers. Based on the fact that the
obtained polymers are of highly ionic nature, the SEC measurement
of the polymer was very difficult. Hence, the polymer was dissolved
in DMSO and kept at 120 °C overnight in order to selectively
decompose sulfonium ion structure in the polymer. The polymer
solution was poured into large amount of MeOH. The obtained
polymer was then used for SEC measurements in THF.
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