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In this communication we describe the facile Pd-
catalyzed synthesis, supramolecular ordering, and spec-
troscopic behavior of glycosylated poly(p-phenyleneethy-
nylene)s (PPE). Sugars—carbohydrates—are ubiquitous
in bioscience. Their cellular receptors, lectins, define
blood groups and modulate cell agglutination, inflam-
matory responses, and pathogen/host interactions.12 At
the same time sugars are hydrophilic modules that can
make polymers biocompatible and potentially useful for
highly specific biosensory and biodevice applications in
the detection of pathogens.1b

In a structural sense, sugars are attractive as building
blocks in polymer science. Attachment of sugars to
macromolecules will guide supramolecular nanoscale
organization of polymers and organic materials, even
though this aspect has attracted less interest than
biosensing and disease-related applications. While
Grubbs, Schrock, Whitesides, Kiessling, Roy, and
others?=® have made significant contributions to the
field of nonconjugated neoglycopolymers, much less is
known about sugar-decorated conjugated polymers.
Notable exceptions are sugar-coated polydiacetylenes’
and sugar-coated polythiophenes® which have been
investigated by Charych. PPEs are fascinating conju-
gated polymers that show high fluorescence in solution
and in the solid state.® They have successfully been used
in light-emitting and sensory devices, and while several
ionic, water-soluble PPEs have been reported by now,
PPEs with biologically active substituents are not
known.19~13 We present herein the first example of a
sugar-coated PPE.

Reaction of 2,5-diiodohydroquinone with penta-O-
acetyl-g-p-glucose in the presence of BFs;—etherate
according to the literature!* furnished the sugar-
substituted monomer 1 in 39% vyield (see Scheme 1).
Reaction of 1 with 1,4-diethynyl-2,5-bisethylhexylben-
zene under standard Pd-catalyzed coupling conditions
furnished a yellow, highly blue-green emissive solid in
almost quantitative yields. The polymer was soluble in
THF, hot DMSO, and hot DMF but surprisingly in-
soluble in chloroform and in aromatic solvents.

IR and NMR spectroscopy revealed that under the
reaction conditions the deacetylated polymer 2 had
formed. The characteristic band for the ester C=0
stretch in the IR and the characteristic band for the
methyl protons of the acetyl groups in the 'TH NMR
spectrum of the polymer were not present. Under the
reaction conditions of the synthesis of the sugar-coated
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Figure 1. Top: absorption and emission of polymer 2 in
different solvents (THF Amax 412 nm; em 438 nm. CH3CN Amax
398 nm (sh); em 434 nm. Hexanes Amax 384 nm; em 440, 470
nm). Bottom: absorption and emission spectra of 2 in the solid
state (Amax 399 nm, em 450, 468 nm) and in THF (Amax 412
nm, em 438 nm).
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Figure 2. Transmission electron micrographs of thin films
of 2 obtained by evaporation of a drop of a solution of 2 in a
mixture of H,O/THF. Scale bars are shown; no staining
reagent or shadowing was utilized.

polymer the acetyl groups are hydrolyzed off cleanly to
furnish 2 directly. Gel permeation chromatography in
THF shows that the polymer has a degree of polymer-
ization (Pp) of 75 with an M/M, = 2.2.15
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To obtain more information about the electronic and
structural properties of 2, absorption and emission
spectroscopy was performed (Figure 1) in a series of
different solvents and in thin solid films. As expected,
the primary absorption of 2 is significantly dependent
upon solvent and aggregation state. In hexane the
absorption is most blue-shifted in comparison to the
absorption spectrum of 2 in THF. The difference of the
spectra of 2 in THF solution and in thin solid films is
relative small. It suggests that the large glucose sub-
stituents diminish planarization of the main chain and
interchain interactions at the same time. The relatively
small differences in the solution and solid-state emission
spectra give likewise testimony to this interpreta-
tion.

Macroscopic samples of 2 form fibrous mats of sig-
nificant mechanical strengths and are not powdery as
the dialkyl-PPEs. Concentrated solutions of 2 in THF
show birefringence, and dried lyotropic samples display
a small but distinctive Schlieren texture under crossed
polarizers, similar to those observed for the dialkyl-
PPEs. To elucidate the nature of the phase, we per-
formed transmission electron microscopy upon dried
samples of 2 (Figure 2). This polymer forms a lamellar
morphology, with the lamellae showing a width of
approximately 30—50 nm. Upon higher magnification,
the lamellae are doubled and display a fine structure
with an apparent interstrand connection every 50 nm.
The two-dimensional picture could represent an inter-
twined composite formed from two PPE strands. The
curious double-stranded feature has been observed
earlier in another hydrophilic PPE derivative!®1’ where
its genesis likewise is not clear. In conclusion, we have
prepared the first sugar-substituted PPE derivative and
have examined its supramolecular ordering and its
spectroscopic behavior. In the future we will report upon
interaction of the sugar-coated PPEs with biomolecules
and novel PPE-based morphologies.
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