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A straightforward preparation of a polystyrene thiol resin
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Abstract—Amild and efficient two-step synthesis of a polystyrene thiol resin is reported. Firstly, a polystyrene resin was reacted with
an activated sulfoxide to afford the resin bound bis-(2-methoxy-carbonylethyl)-sulfonium trifluoromethanesulfonate. Smooth b-
elimination based dealkylations afforded the polystyrene thiol resin with good and controlled loading. Its reactivity was assessed
through a derivatisation step.
� 2004 Elsevier Ltd. All rights reserved.
The establishment of solid phase synthesis processes
over the last decade has resulted in tremendous work
devoted to the preparation of original resins, linkers,
scavengers and supported reagents.1 Among the numer-
ous specialised resins, the synthesis of a polystyrene thiol
resin is of particular interest because of its strong radi-
cals, metals and nucleophiles scavenger properties.2,3

The general procedures for the thiolation of aromatic
substrates rely on a two-step process, the first to intro-
duce an alkylsulfanyl group via either nucleophilic4

or electrophilic5 aromatic substitution, the second, a
dealkylation reaction to generate the free thiol. These
procedures are not amenable to the solid phase synthesis
because the drastic reaction conditions (high tempera-
tures and polar solvents) necessary to uncover the aryl-
thiols cause the resin degradation.

Preparation of a polystyrene thiol resin relies on the use
of a functionalised 4-bromo-polystyrene resin, which is
firstly converted to the corresponding aryllithium resin
and then trapped with sulfur.6 The major drawback of
this procedure is the ill-defined loading of the final poly-
styrene thiol resin due to the formation of di- and poly-
sulfide bridges. To our knowledge, there is no alternative
preparation of a polystyrene thiol resin with controlled
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loading and using a non functionalised polystyrene resin
as starting material.

Recently, a two-step procedure for the introduction of a
thiol group on aromatic substrates via an aromatic elec-
trophilic substitution reaction, followed by two succes-
sive b-elimination promoted dealkylations has been
reported by our group.7

Herein, this reaction sequence was transposed to the
solid phase for an efficient two-step synthesis of a poly-
styrene thiol resin. For this purpose, 3-(2-methoxy-
carbonyl-ethanesulfinyl)-propionic acid methyl ester 1
was activated with triflic anhydride to give the highly
electrophilic intermediate 1a, which was further reacted
with a polystyrene resin to afford the corresponding sul-
fonium trifluoromethanesulfonate resin 2. Deprotection/
dealkylation reactions in basic medium yielded the
desired polystyrene thiol resin 3 (Scheme 1).

Each step of our procedure was monitored using on-
bead IR spectroscopy recorded with a Perkin–Elmer
2000 FT-IR coupled to an auto-image microscope.
Several amounts of 1a were reacted with 1g of unfunc-
tionalised polystyrene beads (150–400 mesh). The loadings
of the polystyrene sulfonium trifluoromethanesulfonate
resin 2 were measured by elemental analysis of sulfur
and fluorine.

Initial experiments were performed by reacting 1g of a
polystyrene resin with 0.90mmol of 1a (Scheme 2 and
Table 1, entry 1). The resin 2a was best generated by
adding triflic anhydride dropwise to a suspension of
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Scheme 1. Reagent and intermediates involved in the preparation of a

polystyrene thiol resin.

Scheme 2. Reagents and conditions: (a) (i) Tf2O, �40�C, 20min, (ii)

0 �C to rt, 12h; (b) (i) 1M t-BuOK, THF, �50 �C, 1h, (ii) rt, 24h; (c) 4-
nitro-benzylbromide, NaOH, dioxane/H2O 3:1, 60�C, 24h.

Table 1. Reaction of several amounts of 1a with the polystyrene resin

Entry mmol 1aa Loadingb Resin

1 0.90 0.33 2a

2 2.60 1.05 2b

3 3.50 1.46 2c

a Reaction with 1g of a polystyrene resin and 1.2equiv of triflic

anhydride.
bMeasured by elemental analysis of sulfur and fluorine.
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the polystyrene resin and 1 in dry DCM (12mL) at
�40 �C under an atmosphere of argon. The slurry was
gently stirred at �40 �C for 20min, then warmed to
0 �C and eventually to rt for 12h (Scheme 2). The result-
ing resin was then filtered and washed three times, sub-
sequently, with DCM, MeOH and Et2O. The resin 2a
was finally dried under vacuum overnight. The forma-
tion of 2a was assessed by FT-IR spectroscopy that
showed two intensive carbonyl bands at 1739 and
1731cm�1. Sulfur and fluorine elemental analysis,
showed a consistent loading of 0.33mmolÆg�1.

In order to achieve higher loadings, larger amounts of
1a were reacted with the polystyrene resin (Table 1)
using the same amount of DCM. Reacting 1g of the poly-
styrene resin with 2.60mmol of 1a gave the resin 2b with
an increased 1.05mmolÆg�1 loading (entry 2). Even
tually, a loading of 1.46mmolÆg�1 was obtained by using
3.50mmol of 1a (entry 3). Noteworthy, by varying the
polystyrene resin and 1a ratio, the loading of 2 could
be adjusted from low to high.

The deprotection/dealkylation of the resin 2b to the cor-
responding arylthiol resin 3b was performed by adding
dropwise at �50 �C a 1M solution of t-BuOK in THF
to a suspension of 2b in dry THF under an atmosphere
of argon. The slurry was gently stirred at �50 �C for 1h,
then slowly warmed to rt for 24h (Scheme 2). Notewor-
thy, as proved by FT-IR spectroscopy, shorter reaction
times gave an incomplete reaction. The resulting resin 3b
was then filtered, washed twice subsequently with THF,
1M HCl and H2O. The resin was then washed with a
0.8M solution of PBu3 in a 1:1 mixture of THF/H2O
(to reduce possible disulfide bridges), then three times
with THF, MeOH, DCM and Et2O. The resin 3b was
eventually dried under vacuum overnight. The forma-
tion of 3b was assessed by FT-IR spectroscopy that
showed the disappearance of the two carbonyl bands
at 1739 and 1731cm�1. Sulfur elemental analysis showed
that the loading of 3b was 1.25mmolÆg�1 (theoretical
loading starting from 2b: 1.57mmolÆg�1).

Next, the presence of free arylthiol functions in the poly-
styrene thiol resin was probed by reacting 3b with an
excess (30equiv) of 4-nitro-benzylbromide and NaOH
in a 3:1 mixture of dioxane/H2O at 60 �C for 24h
(Scheme 2). The resulting resin 4b was then filtered
and washed three times, subsequently with THF,
DCM and Et2O. The resin was finally dried under vac-
uum overnight. The formation of the desired resin 4b
was confirmed by FT-IR spectroscopy that showed the
presence of a nitro band at 1522cm�1. Sulfur elemental
analysis showed a loading of 1.10mmolÆg�1 (theoretical
loading starting from 3b: 1.07mmolÆg�1). Nitrogen ele-
mental analysis gave a loading of 1.29mmolÆg�1 proba-
bly resulting from the presence of sulfonium moieties in
the resin due to overalkylation. This derivatisation step
proved the functional efficacy of 3b and confirmed the
presence of nucleophilic arylthiol functions.

The scavenger property of our thiol resin was assessed
by reaction of 3b with a default of bromodecane. For
this purpose, the polystyrene thiol resin 3b (2g) was re-
acted with bromodecane (1.0mmol) in a mixture of
dioxane and 0.5M NaOH. After 24h stirring at rt, the
reaction mixture was filtered and the solvent was con-
centrated under vacuum. 1H NMR and GC analysis of
the filtrate showed that there was no bromodecane left.
This reaction confirmed the high scavenger capacity of
our polystyrene thiol resin.

In conclusion, a versatile two-step synthesis of a polystyr-
ene thiol resin has been developed. Reaction of the poly-
styrene resin and sulfoxide 1 in the presence of triflic
anhydride, followed by two one-pot b-elimination reac-
tions yielded the polystyrene thiol resin. Noteworthy,
our synthesis has been realised successfully on a 10g
scale.8,9 Applications of our polystyrene thiol resin for
the preparation of supported reagents, catalysts and
scavengers are currently in progress.
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Preparation of a polystyrene sulfonium resin 2: Triflic
anhydride (5.27mL, 31.2mmol) is added dropwise at
�40 �C to a suspension of a polystyrene resin (10g) and 1
(5.78g, 26.0mmol) in dry DCM (120mL) under an atmos-
phere of argon. The reaction mixture is gently stirred at
�40 �C for 20min, warmed to 0 �C and to rt for 12h. The
orange resin is filtered under vacuum and washed three
times subsequently with DCM (3 · 150mL), MeOH
(3 · 150mL) and Et2O (3 · 150mL). The polystyrene sul-
fonium resin 2 is finally dried under vacuum overnight
(15.4g, loading: 1.09mmolÆg�1).

9. Preparation of a polystyrene thiol resin 3: A 1M solution of
t-BuOK in THF (75.0mL, 75.0mmol) is added dropwise at
�50 �C to a suspension of 2 (10g) in dry THF (90mL)
under an atmosphere of argon. The reaction mixture is
gently stirred at �50 �C for 1h, then warmed to rt for 24h.
The orange resin is filtered under vacuum and washed twice
subsequently with THF (2 · 200mL), 1M HCl (2 · 200mL)
and H2O (2 · 200mL). The resin is then washed with a
0.8M solution of PBu3 in a 1:1 mixture of THF/H2O
(200mL), then three times subsequently with THF
(3 · 200mL), MeOH (3 · 200mL), DCM (3 · 200mL)
and Et2O (3 · 200mL). The polystyrene thiol resin 3 is
finally dried under vacuum overnight (7.16g, loading:
1.34mmolÆg�1).
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