CHEMISTHY

Article

Subscriber access provided by American Chemical Society

Well-Defined Azlactone-Functionalized (Co)polymers on
a Solid Support: Synthesis via Supported Living Radical
Polymerization and Application as Nucleophile Scavengers
David Fournier, Sagrario Pascual, Vroniqgue Montembault, David M. Haddleton, and Laurent Fontaine

J. Comb. Chem., 2006, 8 (4), 522-530+ DOI: 10.1021/cc0600122 « Publication Date (Web): 12 May 2006
Downloaded from http://pubs.acs.org on March 22, 2009

[o]
O o)
OW@ o — O_/ Br
O_O_/ CH o s e,
3 CH,

Wang Resin Initiator

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 3 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of Combinatorial Chemistry is published by the American Chemical Society.
1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/cc0600122

522 J. Comb. Chem2006,8, 522—530

Well-Defined Azlactone-Functionalized (Co)polymers on a Solid
Support: Synthesis via Supported Living Radical Polymerization and
Application as Nucleophile Scavengers

David Fournier, Sagrario PascualVéronique Montembault,
David M. Haddletor¥, and Laurent Fontaine*

UCO2M, LCOM-Chimie des Polymes, UMR CNRS 6011, Usrsitedu Maine, Arenue O. Messiaen,
72085 Le Mans Cedex 9, France, and Department of Chemistryelsiy of Warwick,
Coventry, CV4 7AL, U.K.
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Wang resin has been converted to a supported initiator for transition metal-mediated living radical
polymerization often called atom-transfer radical polymerization (ATRP) of 2-vinyl-4,4-dimethyl-5-oxazolone
(VDM) and styrene (S). Several “Rasta” resins with well-defined macromolecular architectures, including
homopolymers PVDM, PS, statistical P§&tVDM), block P(Sh-VDM), and P[Sb-(S-statVDM)]
copolymers, have been elaborated. For the homopolymerization of VDM and S, a sacrificial initiator, benzyl
2-bromoisobutyrate (BBI), has been introduced to monitor the evolution of molar masses and polydispersity
indexes (PDIs) of PS and PVDM onto the Wang resin support without cleavage. After 6 h, 86.7% conversion
of VDM is reached, with the isolated PVDM chains having a molar mass of 18 000 g'rantl a PDI

value of 1.22. Block copolymers have been synthesized in two steps, involving the synthesis of the PS
block isolated at low conversions {5%) to maintain the bromine end-chain functionality and the subsequent
synthesis of the second PVDM or P§&tVDM) block. Polydispersity indexes of the cleaved (co)polymers
were low (PDI= 1.11-1.44), and high azlactone loadings have been reached (load®@ mmol g?).

Such azlactone-functionalized Wang resins have shown high efficiency during the scavenging process of
benzylamine as monitored by HPLC. Moreover, grafted statistical copolymers have shown the best behavior
for removing benzylamine because of an improvement of the accessibility of azlactone rings by the dilution
with styrene units.

Introduction reported. Recent studies have shown that porous polymer
monolith$® and polyHIPE?® materials can be used under

Much of work carried out in combinatorial chemistry has e .
y flow-through conditions. However, most of the solid-

typically been associated with the solid-phase synthesis . )
methodology pioneered by Merrifield more than 40 years ;upported scavengers are based on cross-llnked functional-
ago? In solid-phase synthesis, a starting reagent, covalently 2€d Polystyrene beads. Such materials are prepared by
attached to a solid support is modified by one or more Suspension copolymerization of monomers, such as styrene
reactions. The final product is cleaved from the support and @nd  divinylbenzene (DVB), with a functional monomer
is recovered in a pure form. Solid-phase synthesis has gained?€aring a scavenging group, such as an isocyanaitée-
in popularity as a result of the ease of separation of the final hyde;® or azlactoné! Another strategy is the introduction
product from the reaction mixture and the ability to use a Of a scavenging group onto the commercial polystyrene-based
large excess of reagents to drive reactions to high yields. supports by chemical reactions. Since the pioneering work

However, solution-phase synthesis is often preferred as itof Kaldor et al® with the anchored isocyanate group, many
provides a wide range of organic reactiénghe difficulties electrophilic functional groups, such as aldehy#€,acid
associated with this process include the purification processeschloride? 4 or anhydride’> have been studied. A different
required after each step of the synthesis to remove excessipproach to increase the density of the scavenging groups
reagents and byproducts from the mixture. This has led tois grafting polymer chains from each surface active site of
the development of solid-supported scaventfenich can the solid support. Fehet et al%'” performed free radical
selectively remove one or more components from the reactionpolymerization of an azlactone-based monomer from porous
mixture leaving a purified product in the solution. Different polymer monolithic disks containing a conventional polym-
designs of such solid-supported scavengers have beererization initiator. A polymer-supported ruthenium alkylidene
metathesis catalyst has been repdfted initiate a ring-
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mediated polymerization (NMP) to copolymerize 3-isopro- Bruker AC 200 MHz spectrometet3C NMR spectra of
penylo,o-dimethylbenzylisocyanate with styrene onto Mer- the grafted PVDM onto Wang resin was carried out in
rifield resin. Moreover, the use of NMP allows the length CDCl; by gel-phase NMR on a Bruker 300 MHz NMR.
of all polymer arms to be controlled. These supports have Molar masses and molar mass distributions were measured
been termed “Rasta” resiis. using size exclusion chromatography (SEC) at’@50n a

In the present paper, supported copper-mediated living system equipped with a SpectraSYSTEM AS1000 autosam-
radical polymerization (ATRP) will be used to (co)polymer- pler a guard column (Polymer Laboratories, PL getré
ize 2-vinyl-4,4-dimethyl-5-oxazolone (VDM) onto a Wang Guard, 50 x 7.5 mm), 2 analytical columns (Polymer
resin to obtain “Rasta” resins with well-defined electrophilic Laboratories, 2 PL gel zm MIXED-D columns, 2x 300

functional polymers from the core bead. x 7.5 mm), and a SpectraSYSTEM RI-150 detector. The
Since the discovery of ATRP; 22 (co)polymers have been ~ eluent used was THF at a flow rate of 1.0 mL min
widely grafted onto many solid suppof&4including silica, ~ Polystyrene standards (58@83 x 10° g mol™') were used

cross-linked polymers, gold, and carbon. Haddleton et al. to calibrate the SEC. FTIR spectra of the Wang resin were
polymerizedN,N-dimethylacrylamid& and methyl meth- recorded using a Nicolet Avatar 370 DTGS spectrometer in
acrylaté® from Wang resin via living radical polymerization ~ATR mode. HPLC analyses were achieved on a Waters
using both CuBM-(n-octyl)-2-pyridylmethanimine and CuBr/ ~ system with UV detector (254 nm) and a’Paé amide
N-(n-propyl)-2-pyridylmethanimine catalysts. Well-defined column 3um (4.6 mm ID, 150 mm length) at 40C. The
PMMA has been obtained with a low polydispersity index mobile phase (1.0 mL mit) is based on an aceto-
(PDI = 1.18) after 62% conversion. More recently, grafted nitrile/buffer pH 4 in a volume ratio of 75/25. Elemental
copolymers, such as potgft-butyl acrylateb-styrene), have ~ analyses were performed by the Service Central d’Analyses
been synthesiz&d onto a tritrpticin-functionalized Wang  du Centre National de Recherche Scientifique, Gif-sur-Yvette
resin (tritrpticin is an antimicrobial peptide). Thereafter, (France).

hydrolysis of theert-butyl acrylate units and the ester linkage  Synthesis of Wang Resin Initiator (WRI). In a round-
between the beads and tritrpticin allowed tritrptibipoly- bottom flask, 10 g of commercial Wang resin (0.020 mol),
(acrylic acidb-styrene) with a molar mass of approximately THF (200 mL), triethylamine (6 mL, 0.042 mmol), and
6100 g mot! to be obtained in solution. In an appropriate 2-bromoisobutyryl bromide (5.0 mL 0.04 mmol) were
solvent, polymer micelles have been observed with the introduced. The reaction was carried out with mechanical
tritrpticin inside. Moreover, the polymers have shown stirring (100 rpm) at ambient temperature for 12 h. The beads

biological activity. were subsequently washed with THF, methanol, and water.
We have previously demonstrated that well-defined (co)- The resins were then introduced into a Soxhlet apparatus
polymers based on VDM can be obtained via APRR and kept at reflux in THF for 12 h to remove residual salts.

solution. This present work consists of the homopolymeri- The product was filtered and dried overnight. FTIR (ATR):
zation and copolymerization by ATRP of VDM with styrene vc—o 1732 cm’. Elemental analysis: C, 79.1; H, 6.9; O,
onto Wang resin to obtain a high azlactone loading (i.e., 6.0 5.7; Br, 8.3. A loading of approximately 1.0 mmot'gwvas
mmol g1). The main advantage of using azlactone-func- calculated.
tionalized solid supports as scavenging supports is that the Typical ATRP onto Wang Resin. Wang resin initiator
ring-opening reaction by amines, alcohols, or thiols occurs was introduced with CuBr in a reactor that was deoxygenated
without byproduct eliminatiod? Such materials, with well-  with three vacuum/argon fill cycles. A Schlenk tube was
defined macromolecular architecture arms, have been evalucharged with monomers, toluene, anisole (internal standard),
ated in the scavenging of benzylamine as a model compoundand if necessary, the soluble initiator; all liquids were
degassed using the freeze/pump/thaw method. The solution
was added to the reactor containing resin and CuBr via a
Materials. Benzylamine (99.5%), anisole (99%), styrene cannula. The mixture was stirred with an orbital stirrer
(Sty, 99%, Acros), and 2-vinyl-4,4-dimethyl-5-oxazolone (Advanced ChemTech, PLS-6) at the desired temperature
(VDM, 99.4%, ISOCHEM) were vacuum distilled and stored under argon, and then, the previously degassed ligand was
at —15 °C following purification.N,N,N',N’,N"-Pentameth- ~ added { = 0). Samples were removed periodically via a
ylethylenetriamine (PMDETA, 99%), toluene (99%), metha-  degassed syringe for conversion monitoring and SEC analysis
nol (99%), diethyl ether, 2-bromoisobutyryl bromide (98%), (after the cleavage procedure). After the reaction, the grafted
trifluoroacetic acid (TFA, 99%), and Wang resin (6.8.1 resins were washed with THF and diethyl ether followed by
mmol g%, 75—-150um) were purchased from Acros and used a Soxhlet extraction in THF under argon for 12 h. Resins
as received. Triethylamine (&, 99%, Aldrich) was distilled ~ were then dried under vacuum to a constant mass.
prior to use. Tetrahydrofuran (THF, SDS), CRQEuriso- Cleavage Procedure.The grafted beads (0.1 g) were
Top, 99.9%), and basic alumina (Prolabo) were used asintroduced into a vial with 15 mL of dichloromethane, and
received. The ligand M&rer®® and the initiator benzyl trifluoroacetic acid (2 mL) was added dropwise. The mixture
2-bromoisobutyrafé were prepared according to reported was kept under magnetic stirring at ambient temperature for
procedures. Copper(l) bromide (Aldrich, 99.99%) was puri- 30 min. Filtration was ensured to isolate cleaved polymer.
fied according to the published proceddte. The polymer mixture was precipitated in methanol, recovered
Measurements.Monomer conversion was determined by by evaporation, and dried under vacuum overnight prior to
IH NMR. *H NMR spectra were measured in CR@n a analysis.

Experimental Section



524 Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 4 Fournier et al.

Scheme 1. Synthesis of Wang Resin Initiator for Atom Transfer Radical Polymerization
o]

B Br o

r)>(t:H o o

THF / Triethylamine
CH;
CH;

RT Wang Resin Initiator
(WRI)

Wang resin
Scheme 2. Synthesis of Different Supported Architectures Based on VDM from Wang Resin Initiator

]

;” m d
o i o n 0
Br o o Br s
Q— o, gy " —— A 2 2
- CuBr/ MegTren CuBr / PMDETA CuBr  MegTren
N
o

Toluene

WRI
Wang-g-P5
Wang-g-PVDM
s 1 Wang-g-P(S-b-VDM)
CuBr/ MegTren
/O " pi
CuBrMegTren N
o w d ¥
T=50°C }’f—
o
o
o stat Br
[s] B
m r
O_/ n Biock stat
! o 4 , Y *
- :
4 097&

Wang -g-P(S-stat-VDM)

‘Wang-g-P[S-b-{5-stat-VDM])

General Procedure for Scavenging Benzylamine with  characterized by FTIR spectroscopy and gel-phE&IMR
Azlactone Beads.Resin (100 mg, 1 equiv) and a small spectroscopy. The FTIR spectrum (Figure 1) showed strong
magnetic bar were introduced into a glass tube. Benzylaminestretching bands from azlactone rings at 1818-¢), 1203
(molar concentratior= 0.08-0.1 mol L%, 1 equiv), toluene  (vc—o-c), and 1670 cm* (vc—y).

(internal standard, same volume as benzylamine), and THF The gel-phas¢’C NMR spectrum (Figure 2) shows signals
(3—5 mL) were introducedt (< 0), and reactions were carried from the azlactone group at 180.C<0), 163.2 C=N),
out at room temperature. After fixed time intervals, samples 65.1 (C(CHs),), and 24.3 ppm (C{Hs),). The other peaks
were withdrawn (volume= 50 L) from the reaction mixture  in the NMR spectrum originate from carbons in the poly-
using a syringe and immediately injected into the HPLC (styreneeo-divinylbenzene) core between 120 and 130 ppm.
apparatus to follow the disappearance of benzylamine versusThe cleavage of the polymer from the resin support via the
toluene. benzylic ester linkage was performed using an excess of
trifluoroacetic acid (TFA3® to monitor the molar masses and
Results and Discussion polydispersity index of the grafted PVDM. Unfortunately,

Synthesis of Well-Defined Supported Architectures. the resuIFing polymer was not soluble in THF because .of
The synthesis of initiator-functionalized solid supports from the opening of the azlactone group by traces of water which
Wang resins has already been repdiié8cheme 1). The  Prove to be difficult to remove from TFA. The FTIR
reaction of Wang resin with a hydroxyl loading of 1 mmol SPectrum showed the appearance of a band at 1730, cm
g~ with 2-bromoisobutyrate bromide was performed in the corresponding to an acid group, and the disappearance of

presence of triethylamine in THF at room temperature to the band at 1816 cm relative to the carbonyl group of the
get a Wang resin initiator (WRI). azlactone ring. To circumvent this problem, a soluble initiator

WRI was characterized by FTIR spectroscopy, and the (“sacrificial” initiator), benzyl 2-bromoisobutyrate (BBI), was

acylation of the benzylic hydroxyl groups of the resin is [ 10
shown by the appearance of a=0 (ester) band at 1732
cm%; the bromine loading, determined by elemental analysis, ***&€+VPM /
is equal to 1.0 mmol ¢t. The copper-mediated living radical Wane resin initiator
polymerization of VDM from the surface of the Wang resin )
was performed to provide solid supports with high azlactone
loading. In this way, WRI was used as initiator, and CuBr/ 1203 -
MesTren was the catalytic system (Scheme 2) in 72/1/1/1
molar ratio (VDM/WRI/CuBr/MgTren). Such a catalytic
system was previously used to synthesize well-defined (co)-
polymers based on VDM in solutic. ' N ' ' '
) ) 4000 3500 3000 2500 2000 1500 1000 500

After 7 h, 65.5% conversion of VDM is reached, and the Wavenumber (cm™)
azlactone loading, determined by elemental analysis, is equalrigure 1. FTIR spectra of Wang resin initiator and Wagg-
to 5.8 mmol g*. The PVDM-functionalized support was PVDM.

1818

Q0B WISUBL], 94

40
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Figure 2. 300 MHz gel-phasé3C NMR spectrum of WangrPVDM.
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Figure 3. Dependence of molar mass and PDI on monomer conversion for solution and supported polymerization of styrene (A) and the
relationship of molar mass between cleaved PS and soluble PS (B) (solid lines are the theoretical values):/[St%REREBBI] o/
[CuBr]o/[PMDETA]o = 100/1/1/2/2 in toluene (50% v/v) and anisole (5% v/v) at°@)

added. Such a strategy was first applied by Fukuda¥®&t#l. was performed in toluene at 5€, and 86.7% conversion
who found that PMMA formed in solution and on a solid of VDM was reached after 6 h.

support have similar macromolecular characteristics (molar The kinetic plot (Figure 4) shows that, although the
masses and PDIs). In this work, this approach was first usedreaction was initially fast, the propagation rate decreases after
with styrene as monomer. ATRP of styrene with the 1 h. This reveals a decrease of the active species concentra-
supported initiator (WRI) and the soluble initiator (BBI) was tion probably resulting from irreversible terminations which
carried out in toluene at 9TC using styrene/WRI/BBI/CuBr/ ~ seems to be confirmed by higher experimental molar masses
PMDETA in a 100/1/1/2/2 molar ratio. After the polymer- than theoretical ones (Figure 4). However, prominent ir-
iza’[ion soluble PS and cleaved PS were ana|yzed by SECfeverSible terminations would have led to much hlgher PDI

to compare the evolution of experimental molar masses andvalues than those obtained in our case (1<1RDI < 1.25).
polydispersity indexes. Another explanation of the decrease in the number of active

species could be a progressive reduction of the concentration
of the available catalyst by PVDM complexatiéh.

The addition of a sacrificial initiator resulted in the
conversion of VDM reaching a very high value in a shorter
to 1.11. On the other hand, Figure 3B shows thath@cc  fime (conversior= 64.8% after 1 h) than in ATRP without
values of cleaved PS are similar to tM, ¢ values of BBI where the conversion reached 65.5% in 7 h. Moreover,
soluble PS, indicating that the growth of polymer chains from the azlactone loadings of such materials, determined by
the BBI initiator in solution and from WRI is similar. This  elemental analysis, are high (between 5.8 and 6.0 mmidl g
very useful strategy was applied to VDM as the monomer.  To investigate the potential to prepare block copolymers
Subsequently, a copper-mediated radical polymerization of based on VDM and styrene on a Wang resin, the synthesis
VDM with the supported initiator (WRI) and the soluble was attempted in two steps. First, a PS block was synthesized
initiator (BBI) was carried out using VDM/WRI/BBI/CuBr/  on the Wang resin. After it was isolated and purified, the
MesTren in a 144/1/1/2/2 molar ratio. The polymerization Wangg-PS was used in the second step as the supported

Figure 3A shows that the molar masses of both soluble
PS and cleaved PS increased linearly when monomer
conversion increased up to nearly 80% and the PDI decreased
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Figure 4. (A) Kinetic plot of the ATRP of VDM on WRI with sacrificial initiator added at 3C and (B) the dependence of the experimental
molar masses and PDI on monomer conversion: [VBM]RI]/[BBI] o/[CuBr]o/[MesTrenp = 144/1/1/2/2 in toluene (66% v/v) and anisole
(5% v/v) at 50°C.

Table 1. Supported Block Copolymerization of VDM and Styréne

1st block PS 2nd block PVDM Wang-P(Sb-VDM)
[Sty]/ Mn,SECC Mn,theoc 7 [VDM]/ T time Mn,SECb Mn,theoC Ioading
[WRI] (gmol}) (gmolY) PDI (%) [Wangg-PS] (%) (h) (gmoll) (gmoll) PDI (mmolg?) Fypuf
WBo1o 100/1 7000 4780 1.08 44.3 100/1 88 24 7500 8200 1.11 nd 0.10
WBps; 100/1 1500 1620 1.17 14.0 100/1 55.1 5 —¢ 9200 ¢ 5.8 0.81
WBoss 250/1 3950 4100 1.10 15.1 200/1 239 2 7000 10 600 1.26 4.1 0.64
WBpes 250/1 3950 4100 1.10 15.1 200/1 36.3 1.2 10750 14000 1.44 4.2 0.68

aWBy: W for Wang, B for block copolymer, and for the VDM molar ratio in the copolymer. 1st block: [WRICuBr]o/[PMDETA]o
= 1/1/1,T = 90°C, toluene (50% v/v), anisole (5% v/v). 2nd block: [WagdrS}H/[CuBr]o/[MegTren, = 1/1/1,T = 50 °C, toluene (66%

vlv), anisole (5% v/v)P SEC calibrated with PS standards, .., = ([monomer}/[initiator]o) X Zmonomer X Mmonomer + Minitiator-
d Conversion calculated bjH NMR. ¢ Determined by elemental analysis; azlactone loadin¢?oN/14)/100.f Molar ratio in the block
copolymer.9 The cleaved copolymer was insoluble.

macroinitiator for the ATRP of VDM (Scheme 2) to obtain
Wangg-P(Sb-VDM), also called WK (W for Wang, B for P(S-b-VDM) —_—
block copolymer, andX for the VDM molar ratio in the ~ Mage ~ 10750 gmol®
copolymer). PRI Lag

A PS block was synthesized at 90 using a system based _
on WRI/CuBr/PMDETA in a 1/1/1 molar ratio. Several _,-"
styrene/WRI molar ratios were used to get different experi-
mental molar masses. Thus, several supported PS macroini
tiators with experimental molar mass values between 1500 e
and 7000 g mol' and low polydispersity indexes (PD{ "o Re:mm':imef::m o
117, Tab_le_ :.L) were obtalned._ These were subsequently useq—'igure 5. SEC traces of cleaved block copolymer B&VDM
e_ls macr0|n|t|_ators to synthesize a sec_ond PVD_M block. The gnd macroinitiator PS-Br (W Table 1).
first polymerization attempt was carried out with the mac-
roinitiator havingM, sg of 7000 g mot* and led only to a Statistical copolymers have been also prepared from Wang
small increase of the block copolymer molar malsl 4 resin by ATRP to incorporate styrene units between VDM
= 7500 g mot?, WBo 1, Table 1). This is the result of a  units. Copolymerizations of VDMr(pw = 0.5%") and
loss of the bromine end-functional groups on the PS styrene (s = 0.5¢7) were carried out in toluene at 6@
macroinitiator. To overcome this problem, conversions below using the system based on styrene/VDM/WRI/CuBi/Men
15% were targeted for the other PS macroinitiators (Table (Scheme 2) with an equimolar ratio of WRI/CuBr/Meen.

with low PDI (1.11 < PDI < 1.44.1)._ AS an example, SEC P(SstatVDM), also called W& (W for Wang, S for
traces of the cleaved PS macroinitiator and of the Cleavedstatistical copolymer, and for the VDM molar ratio in the

P(Sb-VDM) resulting the THF-soluble block copolymer
(Figure 5) originating from the Wgsssample (Table 1) show
monomodal curves with no detectable quantities of unreacted "— — "% )
macroinitiator. It indicates that the polymerization of the th€Mpsecis higher (14700 g mof) than the theoretical
second block was initiated in high yield. The polydispersity One (9300 g moF), but the PDI value remains quite low
index of the final block copolymer increased, indicating a (PDI'=1.30). In this case, the azlactone loading is equal to
slightly broad distribution of the PVDM block (PB# 1.44). 2.6 mmol g*. Conversely, when lower molar masses are
The azlactone loadings of such modified supports varied from targeted (W&ss and WS s, Table 2), theM,, ;e values are

4.1 to 5.8 mmol g*. close to the theoretical values, and the PDI values are low

+— PS
Migge = 3 950 gmol”
PDI=1.10

copolymer) are summarized in Table 2.
When a high molar mass is targeted (Y¥$ Table 2),
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Table 2. Results from the Synthesis of Supported Statistical Copolyimers

My sed Mp theo 155 Tvom® loading
[Stylo/[VDM] o (g mol ) (g mol?) PDI (%) (%) Fvom® (mmol gt
WSo.30 160/40 14700 9300 1.30 34.7 60.4 0.30 2.6
WSo.33 80/20 5650 6550 1.33 46.3 90.7 0.33 2.0
WSo50 50/50 3900 3400 1.30 26.7 26.5 0.50 3.1

aWSx: W for Wang, S for statistical copolymer, adfor the VDM molar ratio in the copolymer. [WRJ[CuBr]y/[Ligand], = 1/1/1,
T= 60 °C (ligand MeTren, WS .30, and WS 33, T = 90 °C (ligand PMDETA, W$%5s0, toluene (50% v/v), and anisole (5% v/¥)SEC

calibrated with PS standardsM, y., =

([VDM] Q/[V\/R”o X Typm X MVDM) + ([Sty]o/[WRl]o X Tg X Ms) + Minitiator- d Monomer

conversion calculated byH NMR. € Molar ratio in the statistical copolymerDetermined by elemental analysis; azlactone loading

(%N/14)/100.
Table 3. Synthesis of Supported Copolymers Rf$S-statVDM)] Obtained by ATRP
1st PS block 2nd P(StatVDM) block P[Sb-(S-statVDM)] support
[Sty]/ Mn,SECb Mn,theoc TSd time TVDMd Tsd Mn,SECb Mn,theo IoadingJ
[WRI] (gmolil) (gmoll) PDR (%) (h) (%) (%) Fvwow® (gmoll) (gmoll) PDIP (mmolg?)
WBSy3 100/1 1900 1600 1.13 138 8 417 249 0.30 12 000 8400 1.40 2.2
WBSy24 250/1 3950 4100 1.10 151 375 19.0 213 0.24 7 750 8 560 1.20 1.2

aWBSy: W for Wang, B for block copolymer, S for statistical copolymer, ahfbr the VDM molar ratio in the copolymer. 1st block:
[WRI]o/[CuBI]o/[PMDETA], = 1/1/1, T = 90 °C, toluene (50% v/v), anisole (5% v/v). 2nd block: [St)¥DM] o/[Wang-g-PS}/[CuBr]y/
[MesTren) = 160/40/1/1/1 (WBS30), 147/53/1/1/1 (WBS,4), T = 60 °C, toluene (66% v/v), anisole (5% v/ SEC calibrated with PS

standardst M, yeo = ([Stylod[WRI]o) x 7s x Ms + Minitiator. d Monomer conversion calculated Bif NMR. € Molar ratio in the second
statistical blockf M, j,eo= Mps+ ([VDM] o/[Wang-PSj) x tvom x Myom) + ([Stylo/[Wang-PS§ x s x Ms). 9 Determined by elemental

analysis; azlactone loading (%N/14)/100.

(PDI = 1.33 and 1.30). Furthermore, the azlactone loadings

are equal to 2.1 (W3 Table 2) and 3.0 mmold (WSy s,
Table 2).

Finally, a copolymer based on a first PS block followed
by a statistical copolymer P(8atVDM) was synthesized
by ATRP, namely, WB% (W for Wang, B for block
copolymer, S for statistical copolymer, aXdor the VDM

molar ratio in the copolymer). Such an architecture based
on methacrylates has been previously reported in only one

step by Haddleton et al%Wangg-P[MMA-b-(BMA- stat

+— PS
Milgpe = 1900 g.rnol"

PDI=1.13

P[S-b~(S-stat-VDM)]
Mitgge = 12 000 g:mol !
PDI = 140

T T T T T T T71
15 16 17 14
Retention time (min}

T T T 1T T TT
2 43 14

MMA)]. The strategy chosen in our case consisted of the Figure 6. SEC traces of cleaved block copolymer R{$S-stat

synthesis of Wang-P[Sh-(SstatVDM)] in two steps
(Scheme 2).

VDM)] and macroinitiator PS-Br (WBg&so, Table 3).

With a styrene/WRI molar ratio of 250/1, a macroinitiator

The first step is the synthesis of a well-defined supported \yith a slightly higher molar mass was obtained, (.. =
PS block by ATRP, and the second step is the synthesis 0f3950 g motl) at 15.1% conversion (PD& 1.10). The
a statistical copolymer. In this way, the advantages of block statistical copolymerization using this second macroinitiator
and statistical copolymers previously described were com- led to a P[Sk-(S-statVDM)] copolymer (M = 7750 g
n,SEC

bined. PS macroinitiators were synthesized by the ATRP of
styrene at 90C with a system based on styrene/WRI/CuBr/

PMDETA. Two different styrene/WRI molar ratios (100/1

and 250/1) were used to get two different lengths of
macroinitiators. Conversions below 15% were targeted for

the bromine end-group to survive the reaction.
For the lower styrene/WRI molar ratio, a macroinitiator

with a M, gg¢ value of 1900 g mot* and a PDI value of

mol~Y) of low polydispersity (PD= 1.20).

Figure 6 shows the SEC traces of the BfS-statVDM)]
and the PS macroinitiator for the WB% A monomodal
curve with no detectable amount of unreacted macroinitiator
was observed indicating efficient polymerization of the
second block. Azlactone loadings remained high (1.2 and
2.2 mmol g1), even when styrene units were incorporated
into the copolymer.

1.13 was obtained after a 13.8% conversion of styrene. This  yse of the Azlactone-Functionalized Wang Resins in
was then used to reinitiate the styrene and VDM mixture in he Scavenging ProcessThe previous azlactone-function-

a 160/40 molar ratio using CuBr/MEren in a 1/1 molar

alized (co)polymers grafted onto Wang resin, including

60 °C (WBS 30 Table 3). The experimental molar mass (
M,sec = 12000 g mot?) of the resulting P[S-(S-stat
VDM)] copolymer was slightly higher than the theoretical
one M, e, = 8400 g mot), and the polydispersity index
was 1.40, indicating a slightly broad distribution of the
second statistical block.

Wangg-PVDM), block (WB), and statistical (WS) copoly-
mers, have been tested as amine scavengers. The main
advantage of such an azlactone ring-opening addition is that
this reaction occurs without byproduct eliminati®rn this
study, a primary amine, benzylamine, was selected as a
model compound. The scavenging experiments were per-
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%o scavenged benzylaming

204 ¢

Time (h)
Figure 7. Effect of a PS spacer on the rate of benzylamine

scavenging with support WH¥) and support WBss (<) at ambient
temperature with an azlactone/benzylamine molar ratio of 1/1.

formed in THF at 25°C. The kinetics of benzylamine

consumption was monitored by HPLC using toluene as an
internal standard. The influence of a PS spacer on the amount w0 o ° &
of scavenged benzylamine was studied by comparison of WH

with WB structures and WS with WBS structures. The
kinetics of the benzylamine scavenging using WH and)WB
are shown in Figure 7.

Figure 7 shows that the reactivity of the azlactone-
functionalized supports is similar; after 24 h of reaction,

86.1% of the benzylamine has reacted with WH and 84.1%

with WBoes It appears that a PS spacé (. = 3950 g
mol~1) does not lead to a significant improvement of the

scavenging. Similar results are observed regarding the

comparison between the azlactone materialsyWand

Fournier et al.
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Figure 8. Scavenging studies using block copolymers Wagng-
P(Sh-VDM) with support WB 64 (O) and support WBes (2) at
ambient temperature with an azlactone/benzylamine molar ratio of
1/1.
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Figure 9. Scavenging studies using statistical copolymers Wang-

WBSo 30 The results of the scavenging process have showng.p(sstatVVDM) with support WS s0(O), support WS a3 (), and
that 79% of the benzylamine has reacted after 24 h with support W3so (&) at ambient temperature with an azlactone/

WS, 30and 65.7% of the benzylamine with WB$ after 24
h. It indicates also that anchoring a PS spadéy - =
1900 g mot?) did not improve the efficiency of such
azlactone supports.

In the block copolymers, Wk, and WBy g5, the first PS
block is similar M, sec = 3950 g mot?) in both cases, but
the molar mass of the second PVDM block is lower for
WBQ.64 (Mn,SEC: 3050 g mo‘rl) than for WB).BS (Mn,SEC:

6 800 g mot?). The kinetic behavior of the benzylamine

scavenged, reported in Figure 8, shows that the rates ofWSO-30 My sec

immobilization reaction are very close for VW& and WBy es
After 24 h of reaction, it was found that 1 equiv of W&
and of WBges was able to remove 81.4 and 84.1%,

benzylamine molar ratio of 1/1.

To overcome this problem, a study on benzylamine
scavenging process was performed using different grafted
statistical copolymers, WS, WSy.33 and WS 30 in which
the distance between azlactone rings is effective because of
the incorporation of styrene units. The grafted statistical
copolymers have different experimental molar masses§4VS
M, sec = 3900 g mot?; WSp33 M, gec = 5 650 g mot?;
= 14 700 g mot'). The VDM molar ratios
in the copolymer Eypy) are 0.50, 0.33, and 0.30, respec-
tively.

Two different behaviors were observed during the scav-

respectively, of the benzylamine. Thus, in this case, the sizeenging process: Wi3o and W$,33_supports reacted very
of the second block appears to have no effect on the rap]dly to a nearly complete reaction (98.5% of the benzyl-
efficiency of the scavenger. Moreover, whatever the grafted @mine was removed from the solution for Yégand 96.8%
polymers (homopolymers or block copolymers) used as for _VVSO_,33 after 24 h) Wh|le_ the immobilization of benzyl-
scavengers, incomplete reactions were achieved, and there@Mine is much slower with WS, (79.0% of scavenged
fore, a portion of the azlactone groups do not participate in benzylamine after 24 h). Thus, to explain the difference of

the reaction with the amine. In the VDM blocks, after the

reaction rate, W&z and WS 3o supports must be considered

opening of the azlactone rings, amide links are created at@s they contain the same VDM proportion in the copolymer,

each monomer unit. As THF is a nonsolvent for polyacry-
lamides and its derivativeé$;* a plausible explanation for

while the molar mass of the grafted copolymer from JMS
is higher M, sec= 14 700 g mot?, Table 2) than that from

the incomplete reaction could be the presence of coils WSy33 (M, sec = 5650 g mot?, Table 2). Better results
surrounding the bead because of the presence of a nonwere then obtained with arms of a lower molar mass. When

solvent.

the arms are longer, the copolymer could be confined around
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Figure 10. Scavenging studies using grafted copolymers Wang-
g-P[Shb-(S-statVDM)] with support WBS 24 (0), support WBS 30

(2), and support WB&ss (<) at ambient temperature with an
azlactone/benzylamine molar ratio of 1/1.

itself, limiting the accessibility of the azlactone rings. Thus,
the structure of statistical copolymers P{&+VDM) in-

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 829

low polydispersity indexes (PD¥ 1.20 and 1.40). The
azlactone loadings reach high values (i.e., 6.0 mmé).g

Thus, supported ATRP has allowed the preparation of
“Rasta” resins with different well-defined architectures
containing electrophilic groups. The supports have been
studied in a scavenging process with benzylamine. The
results illustrate the influence of the architecture of the
grafted (co)polymer: grafted homopolymers and block
copolymers show good efficiency in the removal of benzyl-
amine, although the proximity of the azlactone rings prevents
the reaction from being quantitative. The best results in terms
of reactivity and efficiency toward benzylamine were
observed with grafted statistical copolymers. Such result
could be explained by an improvement of the accessibility
of the azlactone rings by the presence of styrene units
between azlactone units.
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volves a distance between the azlactone rings and improvedor technical assistance with HPLC analyses.

the efficiency in the scavenging process with regard to the
Wangg-PVDM resins when experimental molar masses, in
our case, are not too high.

The last studied architecture was Wagp{S-b-(S-stat
VDM)] which combines both advantages previously de-

scribed: a PS spacer to move the azlactone rings away from
the core of the beads and a second statistical block to create

a distance between each VDM unit. Figure 10 shows the
kinetic behavior of benzylamine scavenged for the three
different supports (Table 3).

It appears that WBs g scavenges benzylamine at a higher

rate than the other supports tested. Moreover, at the end of

the reaction (24 h), 90.3% of the benzylamine was anchored
onto WBS 45 While 65.7 and 68.3% were anchored onto
WBS, 30and WBS 24 respectively. In the case of the Wgss

and WBS$ 45 supports, the first PS block is similar, but the
length of the second statistical block is higher in the case of
WBS;.30 (M, sec = 12 000 g mot?) compared to that of
WBS 48 (M,, sec = 2600 g mot?). Thus, a longer statistical
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