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a b s t r a c t

The synthesis of a water-soluble ionic methacrylate monomer containing a sodium 4-hydroxy-
benzenesulfonate reactive blocked isocyanate is described. The optimized synthetic procedure is fast and
easy to use, yielding a monomer of high purity and in good yields. An investigation of the hydrolytic
stability of this electrophilic reagent indicated that it could be stored under reasonable conditions.
A polyelectrolyte exhibiting the pendant reactive functionalities as side groups was obtained by free-
radical polymerization. The obtained polymer exhibited excellent reactivity toward a primary aliphatic
amine in water at room temperature, supporting the possible use of this monomer in the bioconjugation
area.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Experimental procedures available for macromolecular bio-
conjugation, i.e. the covalent attachment of proteins and other
biomolecules to synthetic polymers, are based on a limited
array of highly efficient organic reactions [1–3]. Due to the
practical importance of these procedures in modern biotech-
nology, many investigations over the years have concentrated
on refining the experimental conditions of existing coupling
reactions, identifying the most efficient experimental protocols,
and screening for possible alternatives. Two very important
classes of coupling reactions exploit the presence of nucleo-
philic residues on the periphery of most biomacromolecules. In
particular, electrophilic moieties are often used to trap primary
amines available on lysine residues, in a competitive reaction
with less nucleophilic hydroxyl groups and/or ubiquitous water
molecules.

A key issue associated with these otherwise highly efficient
reactions is the poor compatibility of the needed reactive groups
(acyl halides, nitro groups, activated C]C bonds, thiols, phenols.)
with living/controlled free-radical polymerization techniques,
making the synthesis of tailored architectures (block, star.)
difficult or impossible. For instance, activated carbonyls such as
acyl chlorides, thiols or nitro-containing groups are known to react
x: þ33 1 49 78 12 08.
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with free radicals and to interfere with free-radical
polymerizations.

In this contribution, an attempt is made to identify a novel
functional group compatible with two central requirements: a high
reactivity with primary amines in water at or near room temper-
ature and a good compatibility with free-radical polymerizations.
This preliminary report will focus on a negatively charged func-
tional group of the blocked isocyanate family (see above), the 4-
carbamoyl benzenesulfonate moiety whose structure is depicted in
Fig. 1.

Blocked isocyanates derive from isocyanates, electrophilic
agents that are highly reactive toward classical nucleophiles such as
hydroxyl-, amine- or thiol- containing molecules (including water).
In order to facilitate the storage of isocyanates in industrial appli-
cations such as textile or paper treatment [4,5], the reactivity of
isocyanates is slightly toned down, using hydrogen labile nucleo-
philes such as phenols, lactams or oximes that can reversibly add on
the C]N part of the isocyanate and regenerate it under appropriate
thermal conditions [5]. Blocked isocyanates are also reactive with
good nucleophiles, for example amino group, under certain
temperature conditions (see Scheme 1). They are usually hydro-
phobic, although at least one example of a water-soluble blocked
isocyanate has been described based on a reversible bisulfite
addition [6,7].

In this contribution, the synthesis and polymerization of
a water-soluble ionic methacrylate monomer containing
a sodium 4-hydroxybenzenesulfonate reactive blocked isocyanate
that could meet the above requirements are described and
discussed.
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Fig. 1. Structure of the ionic blocked isocyanate investigated in this contribution.
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2. Experimental part

2.1. Materials

n-Butylisocyanate (n-BuNCO) (Fluka), sodium 4-hydroxy-
benzenesulfonate dihydrate (NaHBS) (Aldrich), 2-isocyanatoethyl
methacrylate (IEM) (Aldrich), n-hexylamine (Aldrich), n-butyl-
amine (Aldrich), potassium persulfate (Prolabo), dimethylsulfoxide
(DMSO) (Acros) were used without further purification. Water was
purified with a Millipore Elix 3 before use.
2.2. Characterization

1H and 13C NMR spectra were recorded on a Bruker Avance II
Ultrashield Plus 400 NMR spectrometer. All analyses in organic
deuterated solvents were calibrated with TMS and all analyses in
deuterated water were calibrated with DSS. Quantitative NMR
experiments were performed under usual conditions (flip
angle¼ 30�, recycle delay¼ 2 s, temperature¼ 296 K). Solid-state
13C NMR experiments were performed at room temperature on
a Bruker DSX 300 NMR spectrometer operating at a 13C Larmor
frequency of 75.46 MHz, equipped with a 4 mm magic angle spin-
ning (MAS) double-resonance probe. The MAS spinning frequency
was set to 8 kHz. The high-resolution 13C NMR spectra were
obtained using 1H / 13C cross-polarization (CP) experiments, with
a 1H p/2 pulse length of 3.8 ms, a proton (carbon) radio-frequency
field of 66 kHz during the CP step and a contact time of 1 ms. The
13C NMR signal was detected under high-power proton decoupling
(DD, decoupling strength of 93 kHz). The recycle delay was set to
3 s. The 13C chemical shifts were calibrated relative to TMS by
taking the 13C chemical shift of the carbonyl peak of glycine (a-
form) as an external reference standard (176 ppm). FT-IR spectra
were recorded on a Bruker Tensor 27 DTGS spectrometer in ATR
mode. Melting point measurements were observed using a Labe-
quip Electrothermal 9100. Elemental analyses were carried out by
the CNRS Service Central d’Analyse.
2.3. Synthesis

2.3.1. Synthesis of sodium 4-(n-butylcarbamoyl)benzene-
sulfonate (1)

A solution of NaHBS$2H2O (6.97 g, 0.030 mol) in 27 mL of
deionized water was stirred at room temperature. n-BuNCO (3 mL,
0.027 mol) was added rapidly to the solution, which was stirred at
room temperature. The originally colorless solution turned purple
instantaneously. After 10 min, the solution turned slightly yellow
and opaque. Finally, after 1 h, the solution was yellow and clear. The
solution was precipitated in a large volume of acetone. After
filtration and drying under vacuum at 50 �C overnight, 4.54 g of
a slightly brown powder were obtained. A quantitative 1H NMR
indicated the presence of 1 (70 mol%) contaminated by residual
R N C O + BH R N C
H
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Scheme 1. Blocking of an isocyanate and subsequent reac
NaHBS (30 mol%). No further efforts were devoted to purify the
product. Chemical yield of 1¼44% (as determined gravimetrically
and corrected by NMR). 1H NMR (D2O) d (ppm)¼ 0.90 (t, 3H), 1.36
(sext, 2H), 1.52 (quint, 2H), 3.19 (t, 2H), 7.25 (d, 2H), 7.85 (d, 2H). 13C
NMR (D2O) d (ppm)¼ 15.7 (CH3), 21.8 (CH3–CH2–CH2), 33.5 (CH2–
CH2–CH2), 43.2 (CH2–CH2–NH), 124.9 (O–C–CH–CH), 129.9 (CH–
CH–C–SO3

� Kþ), 142.5 (CH–C–SO3
� Kþ), 155.4 (NH–C(]O)–O), 159.3

(O–C–CH). FT-IR (cm�1)¼ 3250 (–NH–), 1720 (–NH–C(]O)O–).

2.3.2. Synthesis of sodium 4-((2-(methacryloyloxy)ethyl)-
carbamoyl)benzenesulfonate (2)

A solution of NaHBS (6.57 g, 0.028 mol) in 28 mL of deionized
water was stirred at room temperature. IEM (5 mL, 0.035 mol) was
added rapidly to the solution, which was stirred at room tempera-
ture. After 1 h, the solution was precipitated in a large volume of
acetone. After filtration and drying under vacuum at 50 �C overnight,
7.18 g of white powder were obtained. Yield¼ 73%. 1H NMR (D2O)
d (ppm)¼ 1.92 (s, 3H), 3.53 (t, 2H), 4.29 (t, 2H), 5.72 (s, 1H), 6.14 (s,
1H), 7.22–7.24 (d, 2H), 7.83–7.86 (d, 2H). 13C NMR (D2O)
d (ppm)¼ 19.9 (CH2]C(CH3)–), 42.2 (–O–CH2–CH2–NH–), 66.4 (–O–
CH2–CH2–NH–), 124.8 (–O–Carom–CHarom–CHarom–Carom–SO3

�),129.7
(CH2¼C(CH3)–), 129.8 (–O–Carom–CHarom–CHarom–Carom–SO3

�), 138.3
(CH2¼C(CH3)–), 142.6 (–O–Carom–CHarom–CHarom–Carom–SO3

�), 155.1
(–NH–C(]O)–O–), 159.1 (–O–Carom–CHarom–CHarom–Carom–SO3

�),
172.1 (]C(CH3)–C(]O)O–). FT-IR (cm�1)¼ 3250 (–NH–), 1720
(–NH–C(]O)O–), 1690 (–C(]O)O), 1650 (–C]C–). Elemental anal-
ysis (Calc)¼ C 44.45, H 4.02, N 3.99, Na 6.54, O 31.88, S 9.13;
(Found)¼ C 44.11, H 4.05, N 3.59, S 8.49.

2.3.3. Polymerization of sodium 4-((2-(methacryloyloxy)ethyl)-
carbamoyl)benzenesulfonate (3)

2 (1.0 g, 2.8 mmol) and potassium persulfate (10 mg,
0.036 mmol) were dissolved in 20 mL of deionized water. The
solution was degassed for 30 min with an argon flow at room
temperature. The solution was stirred and heated at 60 �C during
90 min. 20 mL of deionized water were added to decrease the
viscosity of the solution. After precipitation in ethanol and drying
under vacuum at 50 �C overnight, 0.420 g of a white solid were
recovered. Solid state 13C NMR (ppm)¼ 16.4 (–CH2–C(CH3)–), 39.5
(–CH2–C(CH3)–), 45.0 (–CH2–C(CH3)–), 57.5 (–O–CH2–CH2–NH–),
63.4 (–O–CH2–CH2–NH–), 122.2 (–O–Carom–CHarom–CHarom–Carom–
SO3
�), 127.7 (–O–Carom–CHarom–CHarom–Carom–SO3

�), 141.2 (–O–
Carom–CHarom–CHarom–Carom–SO3

�), 152.9 (–NH–C(]O)–O–), 155.2
(–O–Carom–CHarom–CHarom–Carom–SO3

�), 177.5 (–C(CH3)–C(]O)O–).

2.3.4. Synthesis of n-butyl-n-hexylurea (4)
A mixture of 1 (0.810 g, 2.74 mmol) and NaHBS (0.190 g,

0.82 mmol) was added to a solution of n-hexylamine (1.03 g,
0.01 mol) in 2.5 mL of deionized water. The solution was stirred
overnight at room temperature. After adding 40 mL of hydrochloric
acid (0.5 mol L�1), the solution was stirred for 30 min. The crys-
talline product was filtered, washed with 100 mL of deionized
water and dried at room temperature overnight. After drying,
0.47 g of a white powder were obtained. Yield¼ 87% of pure 4.
m.p.¼ 46 �C (after recrystallization in ethanol). 1H NMR (CDCl3)
d (ppm)¼ 0.86–0.94 (m, 6H), 1.29–1.37 (m, 8H), 1.43–1.49 (quint,
4H), 3.12–3.18 (quint, 4H), 4.66 (s, 2H). 13C NMR (CDCl3)
d (ppm)¼ 13.8 (CH3–CH2–CH2–CH2–CH2–CH2–NH–), 14.0 (CH3–
2NH R N C
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Scheme 2. Protection of IEM with NaHBS.
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CH2–CH2–CH2–NH–), 20.1 (CH3–CH2–CH2–CH2–NH–), 22.6
(CH3–CH2–CH2–CH2–CH2–CH2–NH–), 26.6 (CH3–CH2–CH2–CH2–
CH2–CH2–NH–), 30.3 (CH3–CH2–CH2–CH2–CH2–CH2–NH–), 31.6
(CH3–CH2–CH2–CH2–CH2–CH2–NH–), 32.4 (CH3–CH2–CH2–CH2–
NH–), 40.3 (CH3–CH2–CH2–CH2–CH2–CH2–NH–), 40.6 (CH3–CH2–
CH2–CH2–NH–), 158.6 (–NH–C(]O)–NH–). FT-IR (cm�1)¼ 1570
and 1615(–NH–C(]O)–NH–). Elemental analysis (Calc)¼ C 65.95, H
12.08, N 13.98, O 7.99; (Found)¼ C 65.77, H 11.78, N 13.82, O 8.17.

2.3.5. Modification of 4 with n-butylamine (5)
3 (0.4 g) was added to a solution of n-butylamine (0.241 g,

3.3 mmol) in 50 mL of deionized water. The solution was stirred at
room temperature for 3 days. 66 mL of a hydrochloric acid solution
(0.1 mol L�1) were added. The solution was stirred during 30 min at
room temperature. The solid was collected on a fritted funnel,
washed with water, dried at 50 �C under vacuum overnight to
obtain 0.205 g of a white solid. Solid state 13C NMR (ppm)¼ 14.0
(–CH2–CH2–CH3); 20.3 (CH3–C) et (–CH2–CH2–CH3); 32.6 (–NH–
CH2–CH2–CH2–); 39.1 (–CH2–C(CH3)–); 44.7 (–CH2–C(CH3)–); 54.7
(–CH2–NH–C(]O)–NH–CH2–); 64.2 (–O–CH2–CH2–); 159.6 (–NH–
C(]O)–NH–), 177.3 (–C(]O)O).
3. Results and discussion

3.1. Monomer design and blocking of model compound
n-butylisocyanate with NaBHS

Water-soluble blocked isocyanates are usually prepared using
bisulfite anions (HO–SO2

�) as blocking agents [6,7]. To obtain a vinyl
monomer according to this approach, the most convenient line of
attack involves the direct addition of bisulfite anions such as
potassium bisulfite on commercially available 2-isocyanatoethyl
methacrylate (IEM). Unfortunately, work in our group has indicated
the formation of a hydrogel under these conditions, the in situ
generation of free radicals initiating a concomitant polymerization
[8]. In order to synthesize a water-soluble blocked IEM, the use of
an almost phenylogous equivalent to the bisulfite anion HO–SO2

�,
sodium 4-hydroxybenzenesulfonate HO–Ar–SO3

� (NaBHS), as an
alternative blocking agent is proposed here. Phenols are known to
be good blocking agents for many isocyanates, including IEM
[5,9,10]. Water solubility should be obtained from the anionically
charged sulfonate moiety.

In order to explore this strategy, a first experiment was
attempted with n-butylisocyanate (n-BuNCO) as a model reagent.
The synthesis was inspired by a patent procedure described by
Nakao and coworkers [11]. To a solution of NaHBS in water was
added n-BuNCO in slight excess. After a one-hour reaction and
NaHBS

+ H2O2

CO2

O
NH2

O

2

Scheme 3. Hydrolytic degra
a precipitation in acetone, a product was filtered and dried over-
night under vacuum at 50 �C. A product was obtained as a slightly
brown powder whose 1H NMR spectrum, in D2O, showed the
proton signals corresponding to the alkyl chain and four peaks in
the aromatic area: two at 7.25 and 7.85 ppm corresponding to 1 and
two others at 6.98 and 7.72 ppm corresponding to the aromatic
protons of NaHBS. 13C NMR analysis confirmed the structure of 1,
with the presence of a signal at 155.4 ppm corresponding to the
carbon of the urethane functional group (–NH–C(]O)–O–); no
isocyanate signal at 122.5 ppm was observed. The absence of an
isocyanate was also observed on the FT-IR spectrum, with no signal
at 2250 cm�1 that would typically correspond to an isocyanate.

The integrated areas of peaks assigned to CHarom (I7.25, 2
hydrogens) of 1 (7.25 ppm) and to CHarom (I6.98, 2 hydrogens) of
NaHBS (6.98 ppm) were used to estimate the purity of 1 according
to the following relationship:

Purity ¼ ½I7:25=ðI7:25 þ I6:98Þ� � 100 (1)

where I6.98 and I7.25 correspond to the intensity of peaks charac-
teristic of NaHBS and 1 respectively. The purity of 1 was estimated
to be about 77% according to this technique, indicating a chemical
yield of 44% for the reaction. As an excess of isocyanate had been
used, the residual presence of NaHBS clearly suggests that the
synthesis under these conditions is not complete. This preliminary
experiment indicates that the investigated synthetic route is
simple, fast, and does not require the use of a catalyst as it is
generally the case when isocyanates are protected in organic
media. It is quite probable that better yields and purities can be
obtained by optimizing the experimental conditions for this model
reaction, but no specific efforts were devoted in that direction.

1 was stored in a small container without removing air. After ten
months, a 1H NMR spectrum showed that no significant further
modification had taken place, indicating that the product can be
stored in the solid state without any drastic precaution.

3.2. Monomer synthesis

The methacrylate monomer targeted in this study was first
synthesized using an experimental procedure identical to the one
used during the protection of n-BuNCO (see Scheme 2 and Section
3.1). Monomer 2 was obtained as a white powder. The 1H NMR
spectrum shows signals corresponding to all the expected protons,
but, as previously observed for the model compound, four peaks
are obtained in the aromatic area: two major ones at 7.25 and
7.85 ppm assigned to 2 and two minor ones at 6.98 and 7.72 ppm
corresponding to NaHBS. The fraction of NaHBS contaminating 2,
according to 1H NMR, amounts to 3.5 mol%. The two additional
O
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dation of monomer 2.
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Fig. 2. Hydrolytic stability of the protected monomer 2 as kinetically monitored by
NMR.
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peaks observed at 5.74 and 6.12 ppm correspond to the protons of
the vinyl group. The structure of 2 was further confirmed by 13C
NMR, with a peak at 155.4 ppm for the carbonyl carbon of the
expected urethane, and by FT-IR with the absence of the typical
band for the isocyanate. A band observed at 1650 cm�1 on the FT-IR
confirmed the presence of the methacrylic functional group.

Surprisingly, the reaction led to a much smaller residual amount
of NaHBS than in the model reaction and, consequently, to a higher
purity for 2 (96% instead of 77%), despite the fact the reactions for
both the model compound and the monomer had been carried out
under the exact same conditions. The purity was confirmed by the
good agreement between theoretical and experimental values in
the elemental analysis (see Experimental part).

In order to distinguish between two explanations for the pres-
ence of traces of NaHBS (unreacted reagent or product degradation
according to Scheme 3), a stability study was conducted by
following by 1H NMR the evolution of a sample of 2 (64 mg mL�1) in
D2O. Fig. 2 presents the data extracted from the evolution spectra of
2, using the following parameter:

f ðtÞ ¼ I6:98=ðI7:25 þ I6:98Þ ¼ nNaHBS=ðnNaHBS þ n2Þ (2)

It appears that the kinetics with respect to 2 could not be described
by a simple first or second order law. Half of the initial quantity of 2
was consumed after 15–17 days, but only 3% after 5 h, meaning that
only a small quantity would be hydrolyzed under typical free-
radical polymerization conditions. This observation is crucial to the
success of the polymerization for two reasons: (a) it means that the
Table 1
Protection of IEM using NaHBS: influence of time and solvent.a

Entry Time (min) Solvent Isolated yield (%) nNaHBS/(nNaHBSþ n2)b

1 5 H2O 4 0.72
2 10 H2O 55 0.26
3 15 H2O 67 0.04
4 30 H2O 76 0.04
5 60 H2O 78 0.04
6 120 H2O 77 0.03
7 180 H2O 63 0.07
8 15 DMSO 80 0.11
9 180 DMSO 80 0.40

a nIEM¼ 7 mmol, nNaHBS¼ 7 mmol, VSolvent¼ 7 mL.
b As defined in equation (2), integrations measured by 1H NMR immediately after

dissolution of the product in D2O.
presence of phenolic NaHBS would be minimal during the poly-
merization, limiting the extent of inhibition that could arise by
hydrogen abstraction of the propagating chain to the phenol
(although inhibition data from the literature on related phenols
[12] suggest that this side-reaction might be of limited concern),
and (b) it also limits the occurrence of cross-linking that would
happen in the presence of the bismethacrylate urea that accom-
panies the hydrolytic degradation (see Scheme 3). This hydrolytic
experiment also indicates that the amount of NaHBS contaminating
2 does not result significantly from a hydrolytic side-reaction. It
must be noted that the intermediate amine resulting from the
hydrolysis of 2 is also capable of undergoing aza Michael reactions
as well as isomerization to N-2-hydroxyethyl methacrylamide
although these reactions may not be kinetically competitive with
urea-forming reactions [13].

Based on these information, the influence of the reaction time
(between 5 min and 3 h) and solvent type (H2O or DMSO) on the
yield and purity was investigated for a synthesis of 2 carried out
under stoichiometric conditions. Results are presented in Table 1.
Small variations in these data are complex to interpret as results are
based on isolated products, and as such include the influence of
work-up and separation efficiencies in addition to conversion rates
and reactions selectivities. The best yield (78%) is observed after
1 h. The purity is initially weak at low conversion and increases
after 15 min to remain relatively stable. The best conditions (reac-
tion time, yield and purity) were estimated to correspond to
a reaction time of 1 h (see entry 5).

Two experiments were carried out using dimethylsulfoxide
(DMSO) as solvent (see entries 8 and 9). At the used NaHBS
concentration, the initial solution in DMSO is perfectly clear,
whereas in water the solution is slightly cloudy. The yield was
higher when the synthesis was made in DMSO (compare entries 3
and 8 and entries 7 and 9), but the purity of the product is clearly
weaker.

The influence of the stoichiometric ratio between NaHBS and
IEM was also investigated. Results are presented in Table 2. When
the quantity of NaHBS ranges between 0.75 and 1.00 equivalent,
yields and purities are clearly not affected.

Based on the above experiments, optimized conditions for the
synthesis of 2 are as follows: 1 h in water with 0.8 equivalent of
NaHBS. This protocol leads to a monomer whose contamination by
NaHBS (as measured by 1H NMR) is so low that it most probably
arises from some hydrolysis during sample preparation. It was used
in all polymerization experiments described below.

3.3. Polymerization of monomer 2

A solution prepared from the monomer and potassium persul-
fate as initiator (10 wt% with respect to the monomer) in deionized
water was stirred at room temperature under argon for 30 min,
then heated at 60 �C for 90 min. Polymer 3 was obtained as a white
powder by precipitation in ethanol and filtration, and drying
Table 2
Protection of IEM using NaHBS: influence of the stoichiometric ratio of reagents.a

Entry NaHBS equivalent
with respect to IEM

Yield with respect
to NaHBS (%)

nNaHBS/(nNaHBSþ n2)b

1 1 78 0.04
2 0.95 73 0.03
3 0.8 73 0.02
4 0.75 73 0.02
5 0.5 28 0.03

a Time¼ 1 h, nIEM¼ 7 mmol, VH2O ¼ 7 mL.
b As described in equation (2), integrations measured by 1H NMR immediately

after dissolution of the product in D2O.
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Scheme 4. Reaction of the blocked n-butylisocyanate with n-hexylamine.

J. Barruet et al. / Polymer 50 (2009) 2335–2340 2339
overnight under vacuum at 50 �C. A conversion of 42% was deter-
mined by gravimetry.

The obtained polyelectrolyte is soluble in water at low concen-
trations, but the high concentrations needed to obtain high quality
NMR spectra could not be reached under normal conditions. It was
found to be also insoluble in acetone, CHCl3, DMSO, methanol and
ethanol. As a result, the polymer was analyzed by solid-state 13C
NMR. A dry sample was ground in order to obtain a fine powder.
Fig. 3a displays the obtained spectrum, which is fully compatible
with the proposed structure. The blocked isocyanate functional
group is observed, with a peak at 155 ppm corresponding to the
carbon of the urethane functional group –NH–C(]O)–O– and
peaks of the aromatic moiety at 122 and 128 ppm corresponding to
the two substituted carbons and two peaks at 141 and 153 ppm
corresponding to the two unsubstituted carbons.
3.4. Reactivity of model compound 1 with n-hexylamine

In order to estimate the reactivity of the synthesized blocked
isocyanate toward primary amines, 1 was added to a large excess (3
equivalents) of n-hexylamine in water at room temperature (see
Scheme 4). A product precipitated during the synthesis (one night).
After filtration and drying, a yield of 87% could be evaluated (under
the assumption that proved to be correct (see below) that the
obtained product is urea 4). The 1H NMR spectrum of 4 shows
a good agreement to the expected structure, in particular the
presence at 4.66 ppm of a signal corresponding to the two protons
of the urea group. The 13C NMR spectrum confirms the synthesis of
4 with a signal at 158.6 ppm corresponding to the carbon of the
OO
N
H

C
O

O

SO3
- Na+

n
+

3

Scheme 5. Reactivity of polym
formed urea (–NH–C(]O)–NH–). Melting points before and after
recrystallization in ethanol were constant at 46 �C. This preliminary
experiment indicates that as expected, the addition of a primary
amine on this type of blocked isocyanate in water is efficient.
3.5. Reactivity of polyelectrolyte 3 with n-butylamine

The reactivity of polymer 3 toward primary amines was inves-
tigated under conditions similar to those used for model 1. The solid
polymer was added to an excess of n-butylamine (3 equivalents) in
deionized water in order to obtain a moderately diluted solution
(8 g L�1), which was stirred at room temperature (see Scheme 5).
After 3 days, the solution was filtered and the resulting solid was
dried. As it was not possible to solubilize the product in conventional
solvents such as acetone, methanol, chloroform, dimethylsulfoxide
or water, the polymer was characterized by solid-state 13C NMR
(see Fig. 3b).

The spectrum displays all the expected signals for 5. Peaks from
(a) to (f) correspond to those unaffected by the polymer modifi-
cation. In contrast, aromatic and urethane signals have dis-
appeared. The addition of n-butylamine is confirmed by the
presence of new peaks in the area of the alkyl carbons, corre-
sponding to the alkyl chain of the n-butylamine, and by the pres-
ence at 160 ppm of a new peak, corresponding to the urea carbonyl
group –NH–C(]O)–NH–. Fully quantitative analysis was not
possible under the NMR conditions used during the experiment,
but by considering the relative intensity of the signals, it appears
that most of the urea functions are indeed of the n-butylurea type,
confirming that the formation of the urea functions arises from the
NH2

OO
N
H

C
O

N
n H

H2O

5

r. t.

er 3 with n-butylamine.
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addition of the amine and not from the hydrolysis of the
polyelectrolyte.

During the previously described experiment, a low fraction of
insoluble polymer is present throughout the reaction, and increases
over time. This rising loss of solubility can be explained by the fact
that progressive substitutions of the charged groups into neutral
ureas occur during the reaction, lowering water solubility. This
explanation was confirmed by the observation that precipitation
occurs as well if the reaction is carried out on a fresh solution of
polymer obtained by polymerization but without precipitation. The
initially clear solution immediately became cloudy, and a white
precipitate appeared rapidly. Solid-state 13C NMR analysis of this
product provides a spectrum identical to the one already described
in Fig. 3b.
4. Conclusions

The synthesis of a water-soluble blocked isocyanate monomer
has been achieved from 2-isocyanatoethyl methacrylate using
sodium 4-hydroxybenzenesulfonate as a blocking agent. To the best
of our knowledge, this monomer is the only water-soluble blocked
isocyanate methacrylate monomer described in the literature.
Optimization of the experimental procedure has led to an efficient
synthesis and access to a highly pure product with a good yield. The
monomer has been polymerized in water using free-radical poly-
merization conditions. The good reactivity of the blocked isocya-
nate located on the polymer toward an aliphatic primary amine in
water at room temperature has been proved. The hydrolytic
stability of the polymer in water at room temperature is limited but
sufficient to maintain the efficient coupling with reactive nucleo-
philes such as amino compounds.

These encouraging results suggest that polymer 3 or derived
(co)polymers could be used as a tool for the attachment of
reactive biological molecules, a rather new area in bioconjugation
[14–20].
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