JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Functional Oligo(vinyl acetate) CO-philes for Solubilization and Emulsification
Bien Tan, and Andrew |. Cooper
J. Am. Chem. Soc., 2005, 127 (25), 8938-8939+ DOI: 10.1021/ja052508d  Publication Date (Web): 01 June 2005
Downloaded from http://pubs.acs.org on March 25, 2009

More About This Article

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

. Supporting Information

. Links to the 6 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 the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja052508d

JIAIC[S

COMMUNICATIONS

Published on Web 06/01/2005

Functional Oligo(vinyl acetate) CO ,-philes for Solubilization and
Emulsification

Bien Tan and Andrew |. Cooper*
University of Lverpool, Department of Chemistry, Crown Streetydrpool L69 7ZD, United Kingdom

Received April 18, 2005; E-mail: aicooper@liv.ac.uk

Supercritical carbon dioxide (scGQs an inexpensive, nontoxic,  Scheme 1
and nonflammable medium for materials synthesis and procéssing 9 ]
and is a potential replacement solvent for applications such as dry-wo\/\%&. WO\/\OJ\NC,N _Row WO\/\O o
cleaning, bioprocessing, lithography, and precision cleahing. & THF, KoH /Ogo
Carbon dioxide is a relatively weak solvent: important classes of
materials which tend to exhibit low solubility in scG@nclude These fractions were soluble in G0p to significant concentra-
polar biomolecules, pharmaceutical actives, and high-molecular tjons—for example, a fraction wittM, of 840 g/mol andM,, of
weight polymers3 Such issues are not unique to €6ndeed, 1048 g/mol was soluble at 11.8 wt % in liquid G(®5 °C) at a
an enormous variety of surfactants and phase transfer agents havgressure of 100 bar (see Supporting Information). A “high
been developed to disperse poorly soluble molecules in water. A throughput” solubility screen established that the maximum (kinetic)
technical barrier to the use of sce@ the lack of an equivalent  sojubility in CO, was observed for the underivatized monohydroxyl
range of inexpensive C&soluble (and preferably biodegradable) materials at aw,, of around 2000 g/mad
surfactants, ligands, and phase transfer agents. The majority of e have utilized carbonyldiimidazole (CDI) coupling, as ex-
SyStemS reported thus far have been h|gh|y ﬂuorine'substifuted, p|o|ted previous|y for the Synthesis of dendrimers and hyper-

and the associated costs and low bIOdegl’adablllty may pI’OthI’[ branched po|yme}g (Scheme l)‘ to form functional Q@)hmc
industrial-scale use in key applications. The discovery of inexpen- architectures by end-group modification.

sive CQ-soluble materials or “C@philes” is therefore an important This route has a number of advantages. First, the OVAc-
challeng€. Inexpensive poly(ether carbonate) (PEC) copolymers imidazolide intermediate can be isolated, purified, and then coupled
have been reported to be moderately soluble in.€Similarly, with a wide range of alcohols (or amines) to produce a variety of
sugar acetates have been proposed as renewabipl@es’ Such structures. Second, the route introduces a carbonate linkage that
materials could, in principle, function as G@hilic building blocks may further enhance GGolubility® and could also improve the

for inexpensive ligands and surfactants, but this potential has not pjodegradability of the resulting materials.

yet been realized, and numerous practical difficulties remain. For T illustrate the use of OVAc as a solubilizing group, an organic
example, CQ@ solubility does not in itself guarantee performance dye, Disperse Red 19 (DR19), was functionalized with OViig (

in the various applications of interest. Effective surfactants, in = 1070 g/mol,M,, = 1430 g/mol) to producd (Figure 1). The
particular, tend to require specific asymmetric topologies such as
diblock copolymers$.This in turn necessitates a flexible and robust
synthetic methodology to produce well-defined architectures for
specific applications.

In this study, we have used end-functionalized poly(vinyl acetate)
oligomers (OVAc) as C@philic building blocks. Poly(vinyl
acetate) (PVACc) is an inexpensive, high-tonnage bulk-commodity
polymer which, unlike most vinyl polymers, is moderately biode- et L
Qradab'e and has been used in pharmacel.Jtl.caI excipient formula—Figure 1. Photograph showing the dissolution of an OVAc-functionalized
tions? PVAc has also been shown to exhibit anomalously high gye 1 in cO, (200 bar, 20°C, 0.77 wt %).
solubility in CO, with respect to other vinyl hydrocarbon poly-
merst®although the polymer is soluble only at relatively low molec-  stoichiometry of the reaction was controlled such that one OVAc

ular weights under conditions of practical relevanee<(300 bar, chain was attached to each DR19 molecule, as confirmed by GPC
T < 100 °C). PVAc has been used previously in &€bluble and'H NMR. DR19 itself had negligible solubility in CQup to
fluorocarbonr-hydrocarbon block copolyméfsbut as the C@ pressures of 300 bar/28C (no color was observed in the GO
phobicblock rather than as the G@hilic solubilizing functionality. phase)> By contrast, the functionalized dy#, was found to be

Our synthetic strategy is based on the preparation of monohy- soluble in CQ (100—200 bar) at least up to concentrations of
droxyl functionalized PVAc (Scheme 1) by free-radical polymer- around 1 wt % (Figure 1). This suggests that fractionated OVAc
ization in the presence of a chain-transfer agent, 2-isopropoxyeth-has potential as a less expensive and more biodegradable replace-
anol (IPE)*? The bulk PVAc-OH material was then fractionated ment for the highly fluorinated materials used previously to

by supercritical fluid extraction (COpressure 76300 bar) to solubilize species such as dyes, catalysts, proteins, and nanoparticles
produce a series of end-functionalized OVAc-OH materials with in CO,.416
number average molecular weighit4,, ranging from 800 to 4000 Another important area in scG@chnology is the formation of

g/mol (see Supporting Information). The fractionated OVAc-OH water-in-CQ (W/C) and CQ-in-water (C/W) emulsions and
samples exhibited relatively narrow molecular weight distributions microemulsiong®1”The same CDI route was used to couple OVAc
(My/Mp) in the range 1.141.40. with poly(ethylene glycol) monomethyl ethers (HO-PEG-OMe) and
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Figure 2. Structures of C@philic surfactants for C/W emulsion forma-
tion: OVAc—b-PEG diblock polymerZa) and OVAc-b-PEG-b-OVAc
triblock polymer @b).

poly(ethylene glycol) diols (PEG) to produce diblock (Figure 2,
2a) and triblock @b) copolymers, respectively.

The solubility behavior of these materials can be controlled by
varying the overall molecular weight and the molar ratio of OVAc
to PEG. It was found that both G&oluble and HO-soluble
structures can be synthesized in this way. A range g-doluble

diblock and triblock architectures was produced, and it was found

that both structures could stabilize highly concentrated C/W
emulsions (Figure 3).

T

Figure 3. (a) Photograph of highly concentrated &£i@-water (C/W)
emulsion (97% v/v C@) stabilized by a triblock copolymer surfactagh
(200 bar, 20°C, 1.6 wt %2b based on total emulsioM, = 7030 g/mol,
Mw = 8270 g/molm ~ 60, n ~ 30). A water-soluble dye, methyl orange,

was included in the aqueous phase. (b) Emulsion-templated poly(acrylamide)
material synthesized by polymerization of a concentrated C/W emulsion

(90% v/v CQ) stabilized with a diblock surfactaa (M, = 3020 g/mol,
My = 3300 g/mol,m ~ 60, n ~ 9).

For example, an OVAeb-PEG-b-OVAc triblock surfactant
(type 2b, m ~ 60, n ~ 30) was found to emulsify up to 97% v/v
CQ;, in water and to form a uniform, opaque emulsion which was
stable for at least 48 h (Figure 3€)The remarkable stability of

these emulsions was further demonstrated by polymerization of the
continuous aqueous phase to give porous, cross-linked poly-

(acrylamide) (PAM) materials, as produced previously from C/W
emulsions stabilized with perfluoropolyether (PFPE) ammonium
carboxylate surfactant8.Figure 3b shows an electron micrograph

of such a material formed from a 90% v/v C/W emulsion stabilized
using an OVAe-b-PEG diblock copolymer surfactan2a. The

structure demonstrates unambiguously that the emulsion was C/W

shown that these structures can outperform perfluorinated analogues
in specific application$? This synthetic route should allow the
design of a wide range of related @hilic materials.
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