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The development of fluorescent sensors for organic molecules is of great practical importance
in chemical, biological, and pharmaceutical sciences. Using L-tryptophan as an example, we
have studied a new way of making polymeric fluorescent sensors using template polymerization
or molecular imprinting techniques. The fluorescent polymers were prepared using functional
monomers with a fluorescent probe attached to it. The fluorescence of this polymer could be
quenched by 4-nitrobenzaldehyde. Addition of the template molecules, L-tryptophan, increased
the fluorescence intensity of the imprinted polymer/quencher mixture in a concentration-depen-
dent fashion, presumably through the displacement of the quencher from the binding sites by
L-tryptophan. This fluorescence intensity change upon mixing with L-tryptophan allows the
binding event to be detected easily. The sensor also exhibited enantioselectivity for the template
molecules. For example, the effect of D-tryptophan on the fluorescence intensity of the polymer
is about 70% that of its L-enantiomer. Furthermore, the effect of L-phenylalanine and L-alanine
on the fluorescence intensity change is much smaller than that of L-tryptophan. Because the
approach used does not require the de novo design of the complementary binding site and does
not rely on any specific structural features of the template molecule or prior knowledge of
its three-dimensional structure, the same principle could potentially be useful for the future
construction of practical fluorescent sensors for many other compounds. q 1999 Academic Press

INTRODUCTION

The development of fluorescent sensors for organic molecules is of great practical
importance in chemical, biological, and pharmaceutical sciences (1–4). Recently,
many very sensitive fluorescent sensors have been developed for peptides (5), metal
ions (6–9), saccharides (10–12), and others (11,13–19). Most of the approaches that
have been used so far are through de novo design of receptors with a built-in fluorescent
probe. Such an approach, while has already yielded much progress, is somewhat
tedious and requires the prior knowledge of the 3-dimensional structure of the analyte.
Furthermore, applying similar strategy for the preparation of fluorescent sensors for
other compounds requires almost complete new de novo design in each case based
on the knowledge of the 3-dimensional structure of each analyte. One approach that
does not require the prior knowledge of the 3-dimensional structure of the analyte
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and the complete de novo design of the complementary binding site is the construction
of polymeric receptors through template polymerization or molecular imprinting.

Molecular imprinting is a technique first demonstrated in the late 1940s by Dickey
(20). The preparation of imprinted polymers involves (Fig. 1): (1) prearrangement of
the print molecule and the monomers at low temperature so that complementary
intermolecular interactions among functional groups can develop; (2) polymerization
of the monomers under conditions that cause minimal disturbance to the print mole-
cule–monomer interactions; and (3) extraction of the print molecules from the poly-
mers, which leaves behind “receptor sites” that are complementary to the templates
or print molecules in terms of size, shape, and functional group orientations. This
technique has been used for the preparation of selective recognition sites for a wide
variety of molecules (21–27). There have also been extensive efforts in developing
polymeric receptors that discriminate enantiomers using amino acids or peptides as
models (28–31). Naturally, such polymeric receptors also have the potential to be
developed as molecular sensors (25,32–36). One critical component of a practical
sensor is the output of a readily detectable signal upon binding and dissociation of
the target molecule. In most of the cases, the binding of the imprinted polymeric
receptors was studied using chromatographic methods or radioligand binding assays.
There have also been efforts in preparing polymeric receptors, for which the binding
events could be monitored using other methods such as pH (37) and electroconductance
measurements (38,39). Obviously, fluorescent sensors have the advantages of ready
detectability and high sensitivity. Efforts have also been made to prepare fluorescent
sensors using molecular imprinting methods with limited success (15,35,40–43). Most
of these systems rely on the use of fluorescent ligands or fluorotag–ligand conjugates
for the fluorescent detections (35,40–43). Therefore, such approaches can only be
used for the detection of fluorescent molecules, but cannot be used as a way to
build fluorescent sensors for nonfluorescent molecules. Developing a way to prepare
polymeric receptors with a fluorescent probe built into the receptor could provide a
general approach to the preparation of fluorescent sensors using molecular imprinting
methods. One difficulty in this approach is that the fluorescent probe built into the
polymer may or may not be sensitive enough to the binding event. Gin and coworkers
have constructed a polymeric receptor for cholesterol with a fluorescent probe built
into it (15). However, the fluorescence of the polymeric receptor was not sensitive
to the binding event. Therefore, tailor-made fluorescent probes might be necessary
for the development of fluorescent sensors for different compounds, which could be
technically very difficult (15).

FIG. 1. A cartoon description of the molecular imprinting process.
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FIG. 2. A cartoon description of the competitive binding of the template molecule and the fluorescence
quencher to the imprinted polymeric receptor.

In this report, we describe our efforts in searching for ways to make fluorescent
sensors through template polymerization of fluorescent monomers. To develop a
method that could be generally applicable to the preparation of fluorescent sensors
for nonfluorescent molecules, we used an external fluorescence quencher in studying
the binding of the imprinted fluorescent polymer. In the absence of the target molecules,
the nonspecific diffusion of the quencher would result in the quenching of the fluores-
cence of the fluorotags either inside the binding cavities or on the surface of the
polymer (Fig. 2). However, in the presence of the target molecules, the displacement
of the nonspecific quencher from the binding cavities by the template molecules could
result in a change of the fluorescence intensity of the imprinted polymer, therefore,
allowing the binding event to be monitored conveniently. With this method, single
digit mM concentration detection could be achieved. Further fine-tuning of this method
could conceivably lead to the development of practical fluorescent sensors for a wide
variety of compounds because the construction of such a fluorescent sensor does
not require the print molecule to have certain specific structural features or to be
fluorescent itself.

RESULTS AND DISCUSSION

The study is focused on demonstrating the proof of the concept, instead of devel-
oping a specific sensor for a particular analyte. We chose L-tryptophan as our initial
model template. The imprinted polymers were prepared using 3,3-dimethylacrylic
acid-based monomers. The dansyl moiety, attached to 3,3-dimethylacrylic acid (1)
via an ethanolamine linker, was used as the fluorescent tag (3).

Polymer preparation. The synthesis of the fluorescent monomer (3) started with
the ester formation between N-Boc-ethanolamine and 3,3-dimethylacrylic acid (1)
through activation with DCC (dicyclohexylcarbodiimide) in the presence of DMAP
(dimethylaminopyridine) to give 2 in 89% yield (Scheme 1). After the cleavage of

SCHEME 1.
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the Boc group using 25% TFA (trifluoroacetic acid) in methylene chloride, the ester
(2) was reacted with dansyl chloride in the presence of NaHCO3 in ethyl acetate to
give the fluorescent monomer 3 in about 80% yield for two steps. The monomer (3)
was then polymerized using ethyleneglycol dimethacrylate (EGDMA) as the cross
linker and AIBN [2,28-azobis-(2-methylpropionitrile)] as the free radical initiator in
the presence of L-tryptophan. Such polymerizations could potentially be carried out
either thermally or photochemically. In the photochemical method, the polymerization
could be carried out at a lower temperature (08C) using UV to initiate the generation
of free radicals from AIBN. It is known that lower temperature polymerization tends
to give polymeric receptors with more specific recognitions (44,45). However, when
UV initiated polymerization was used at 08C, no polymerization occurred within the
first 48 h presumably because of the absorption of the UV light by the dansyl
moiety, which hinders the UV-induced fragmentation of AIBN. Therefore, a thermal
polymerization method was used for the preparation of these fluorescent-imprinted
polymers. In a typical polymerization reaction, the molar ratio of the template (L-
tryptophan), fluorescent monomer (3), and the cross linker (EGDMA) was about
1:4:40. Polymerization was carried out at 458C for 48 h under a continuous flow of
nitrogen. The polymer was then dried in a vacuum oven at 358C overnight, ground
and sieved with a 100-mesh sieve, and washed with mixtures of methanol-acetic acid.
Then the polymer was dried again in a vacuum oven at 358C for 12 h before use for
the binding studies. Control polymers were prepared using the same method in the
absence of the template molecule, L-tryptophan.

Binding studies without the added fluorescence quencher. The binding studies were
carried out in two phases because of the low solubility of tryptophan and other amino
acids in CHCl3, in which the polymer was suspended. Approximately 10 mg/ml of
the polymer was then suspended in chloroform, which was mixed with an equal
volume of tryptophan or other amino acids in 0.03 M citric acid aqueous solution.
After equilibrating for 4 h, the fluorescence spectrum of the organic phase was
recorded (350 nm excitation). The effect of L-tryptophan on the fluorescence emission
of the imprinted polymer was first examined by mixing the L-tryptophan solutions
at different concentrations with the imprinted polymer suspension. However, only
minor changes of the fluorescence emission of the imprinted polymer were observed
at L-tryptophan concentration as high as 10 mM (Fig. 3). Specifically, upon mixing
with l0 mM of L-tryptophan the emission lmax changed from 481 to 485 nm with
very little change in intensity (Fig. 3). This small change was not sufficient for it to
be used as a fluorescent sensor. It also indicates that the binding of L-tryptophan
probably only caused a minor change in the environment of the dansyl moiety. This
is consistent with other literature studies of fluorescent polymers (15).

To overcome the problem of low sensitivity of the dansyl moiety to the binding
event, we designed the method of using an external quencher to study the binding
of the fluorescent polymer. The idea is to use a small molecule quencher, which can
freely diffuse in and out of the binding sites, to quench the fluorescence of the dansyl
moiety of the polymer (Fig. 2). The occupation of the binding sites of the polymer
by the fluorescence quencher would quench the fluorescence of the polymer. However,
upon addition of the more specific ligand, the template molecule, the quencher can
be displaced, which in turns causes a significant fluorescence intensity change (Fig. 2).
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FIG. 3. The effect of L-tryptophan on the fluorescence emission of the L-tryptophan imprinted polymer
in the absence of the fluorescence quencher, p-nitrobenzaldehyde. Top, imprinted polymer equilibrated
with 10 mM L-tryptophan. Bottom, imprinted polymer itself.

The effect of the added fluorescence quencher on the fluorescence of the dansyl
moiety in different environments. We selected p-nitrobenzaldehyde as the fluorescence
quencher because it is smaller than L-tryptophan and is expected to be able to diffuse
in and out of the binding cavities for L-tryptophan. We first examined the effect of
this quencher, p-nitrobenzaldehyde, on the fluorescence of the dansyl moiety in the
fluorescent monomer (3) in solution, in the control polymer, and in the tryptophan-
imprinted polymer (Fig. 4). It was found that p-nitrobenzaldehyde was able to quench
the fluorescence of the dansyl moiety in a concentration-dependent fashion in all
cases. The quenching efficiency was higher for the fluorescent monomer (3) in solution
than for the polymers (Fig. 4). It is interesting to note that the quenching of the
fluorescence of the dansyl moiety of the control polymer was more efficient than that
of the imprinted polymer, which in turn was more efficient than the quenching of
the fluorescence of the imprinted polymer in the presence of the template molecule,
L-tryptophan (Fig. 4). It is easy to understand the lower quenching efficiency of the
imprinted polymer in the presence of L-tryptophan because of the protection of the
“receptor” sites through the binding of the template molecules, which makes certain
part of the imprinted polymer inaccessible by the fluorescence quencher, p-nitrobenzal-
dehyde. It is also easy to understand the difference in the quenching efficiency between
the polymers (control or imprinted) and the fluorescent monomer (3) in solution
because the dansyl moiety in a polymer is not expected to be as readily accessible
as it is in solution by the quencher, p-nitrobenzaldehyde. However, the different
quenching efficiencies for the control and imprinted polymers were somewhat unex-
pected. This difference helps to further indicate that the “imprinting process” does
significantly modify the properties of the polymers even at a macroscopic level so
that the overall accessibility of the fluorescent moiety is altered. The effect of the
“imprinting process” on the macroscopic overall accessibility of the fluorescent moiety
of the polymers can be correlated with the effect of the “imprinting process” on the
microscopic structures of the imprinted polymers. For one thing, the structures of the
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FIG. 4. The concentration-dependent quenching of the fluorescence of fluorescent monomer 3 (●),
control polymer (▫), L-tryptophan imprinted polymer (l), L-tryptophan imprinted polymer equilibrated
with 10 mM L-tryptophan (m). p-Nitrobenzaldehyde was used as the quencher (Q). I0, fluorescence
intensity without the added quencher. I, fluorescence intensity at different concentrations of the added
quencher. All experiments were run in triplicates.

imprinted polymer are probably more well-organized due to the formation of the
“receptor sites” and the structures of the control polymer should be more random. It
should also be noted that the emission lmax of the fluorescent monomer 3 (497 nm),
the control polymer (485 nm), and the L-tryptophan-imprinted polymer (480 nm) in
CHCl3 were also different, further indicating that the environment of the fluorescent
moiety in the imprinted polymer was different from that of either its solution form
(3) or the control polymer. The different structural properties of the imprinted polymer
and the control polymer could very well alter the overall accessibility of the polymeric
fluorescent moiety and, therefore, the quenching efficiency.

Binding studies with the added fluorescence quencher. Subsequent L-tryptophan
binding studies were carried out at fixed concentration of the quencher (3 mM), p-
nitrobenzaldehyde. At 3 mM concentration of the quencher, the fluorescence intensity
of the fluorescent polymer was reduced by more than 75%. Addition of L-tryptophan
was able to decrease the quenching efficiency of p-nitrobenzaldehyde and, therefore,
increase the fluorescence intensity of the imprinted polymer, presumably through the
displacement of the quencher from the binding cavities by L-tryptophan (Fig. 2). Figure
5a shows the L-tryptophan concentration effect on the intensity of the fluorescence. The
fluorescence intensity of the polymeric fluorescent sensor changed by up to about
40% (Figs. 5a and 6; Table 1) upon mixing with a L-tryptophan aqueous solution in
the presence of the fluorescence quencher, p-nitrobenzaldehyde, thus allowing the
binding event to be detected easily. Addition of L-tryptophan to the mixture of the
quencher (3 mM) and the control polymer, however, did not result in such a change
(Fig. 5b). To probe the selectivity of the polymeric receptor, we also studied the effect
of D-tryptophan, L-phenylalanine, L-alanine, indole, tryptamine, and 3-indolepropionic
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FIG. 5. (a) The effect of L-tryptophan on the fluorescence intensity of the L-tryptophan imprinted
polymer in the presence of 3 mM of p-nitrobenzaldehyde. (b) The effect of L-tryptophan on the fluorescence
intensity of the control polymer in the presence of 3 mM of p-nitrobenzaldehyde (Q, p-nitrobenzaldehyde).

acid using the L-tryptophan-imprinted polymer. As shown in Fig. 6, D-tryptophan, L-
phenylalanine, L-alanine, indole, and 3-indolepropionic acid were not able to reduce
the quenching effect of p-nitrobenzaldehyde as much as L-tryptophan, indicating that
their affinities for the polymeric receptors were lower than that of L-tryptophan, the
template molecule. Table 1 summarizes the quantitative results from these studies.
The use of D-tryptophan in the study was designed to probe the enantioselectivity of the
imprinted polymer. As shown in Fig. 6, the effect of D-tryptophan on the fluorescence
intensity of the polymer was about 70% that of its L-enantiomer, indicating certain
enantioselectivity of the imprinted polymer. The effect of L-phenylalanine was about
60% of that of L-tryptophan, indicating that the imprinted polymer was able to
recognize the somewhat minor differences in the side chain structures between the
two aromatic amino acids with the same stereochemistry. The effect of L-alanine on
the fluorescence intensity of the imprinted polymer was much smaller than that of
L-tryptophan (,20%) (Fig. 6 and Table 1), indicating that the “imprinting process”
was able to afford the recognition of the bulky hydrophobic side chain of tryptophan.
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FIG. 6. The concentration effect of L-Trp (C), D-Trp (▫), L-Phe (L), L-Ala (x), indole (m), and 3-
indolepropionic acid (l) on the fluorescence intensity (nI, fluorescence intensity change upon addition
of the amino acid solution; I0, fluorescence intensity of the polymer/quencher mixture in the absence of
any amino acid) of L-tryptophan imprinted polymer-quencher mixture. p-Nitrobenzaldehyde was used as
the quencher.

TABLE 1

The Effect of Different Compounds on the Fluorescence Intensity Change of L-Tryptophan
Imprinted Polymer

DI DI DI/I0 DI/I0

Compound (10 mM of AA) (5 mM of AA) (10 mM of AA) (5 mM of AA)

L-Trpa 39.2 6 8.4 24.7 6 5.8 0.383 6 0.091 0.243 6 0.069
L-Phea 24.2 6 4.7 15.6 6 2.9 0.233 6 0.057 0.157 6 0.058
D-Trpa 25.9 6 4.8 16.9 6 4.2 0.253 6 0.058 0.170 6 0.050
L-Alaa 6.9 6 0.5 4.4 6 0.5 0.0604 6 0.0119 0.0489 6 0.0163
Indoleb 10.3 6 0.6 9.1 6 0.7 0.070 6 0.004 0.061 6 0.005
3-Indolepropionic acidb 9.0 6 0.9 7.2 6 0.3 0.061 6 0.006 0.049 6 0.002

Note. DI: fluorescence intensity change upon addition of the amino acid solution; I0: fluorescence
intensity of the polymer/quencher mixture in the absence of any amino acid.

a Average results from four experiments.
b Triplicate experiment results.

The smaller effects of indole and 3-indolepropionic acid on the fluorescence intensity
change (Fig. 6 and Table 1) than that of L-tryptophan itself indicate that the amino
group of tryptophan is important for the recognition by the imprinted polymer.

In an effort to probe the importance of the carboxyl group in the recognition by
the imprinted polymer, we also examined the effect of tryptamine on the fluorescence
intensity of the imprinted polymer. As expected, the addition of tryptamine to the
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FIG. 7. The effect of tryptamine on the fluorescence emission of L-tryptophan imprinted polymer in
the presence of p-nitrobenzaldehyde (3 mM). From top to bottom [Tryptamine] 5 5, 2.5, 0, 10 mM.

quencher-imprinted polymer mixture resulted in a small increase of the fluorescence
intensity at low concentrations (2.5, 5 mM) (Fig. 7), presumably through the displace-
ment of the quencher by tryptamine from the imprinted polymer. However, at a higher
concentration (10 mM) of tryptamine, a net decrease of the fluorescence intensity
was observed (Fig. 7). To further delineate the effect of tryptamine, we also studied
the net effect of tryptamine on the fluorescence intensity of the imprinted polymer
without the added quencher, p-nitrobenzaldehyde. It was found that tryptamine itself
could also quench the fluorescence of the imprinted polymer in a concentration-
dependent fashion (Fig. 8). However, the quenching efficiency of tryptamine is not
as good as that of p-nitrobenzaldehyde. For example, 10 mM of tryptamine decreased
the fluorescence intensity of the imprinted polymer by a factor of about 1.5. On the
other hand, at 10 mM, p-nitrobenzaldehyde was able to decrease the fluorescence

FIG. 8. The effect of tryptamine on the fluorescence emission of L-tryptophan imprinted polymer in
the absence of p-nitrobenzaldehyde. From top to bottom [Tryptamine] 5 0, 2.5, 5.0, 7.5, 12.5, 15 mM.
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intensity of the imprinted polymer by over 20-fold. Therefore, at low concentration
of tryptamine, because the quenching efficiency of tryptamine is lower than that of
p-nitrobenzaldehyde, the displacement of p-nitrobenzaldehyde from the imprinted
polymer by tryptamine helped to increase the fluorescence intensity of the imprinted
polymer-p-nitrobenzaldehyde mixture. However, at higher concentrations of trypt-
amine, the fluorescence quenching effect of tryptamine itself starts to surpass the
fluorescence intensity increasing effect caused by the displacement of p-nitrobenzalde-
hyde from the imprinted polymer and, therefore, caused a fluorescence intensity
decrease. All of these help to explain the unexpected biphasic effect of tryptamine
on the fluorescence intensity of the imprinted polymer–quencher mixture (Fig. 7).
To examine whether the quenching of the fluorescence of the dansyl moiety by
tryptamine was related to the special environment in a polymer or not, the effect of
tryptamine on the fluorescence of the fluorescent monomer 3 in solution was also
examined. Tryptamine was able to quench the fluorescence of the dansyl moiety in
methanol in a concentration-dependent fashion (Fig. 9), while tryptophan had little
effect on the fluorescence intensity of the fluorescent monomer 3 (Fig. 10).

To quantitate the binding affinities of all the compounds studied for the L-tryptophan
imprinted polymer, we were interested in determining the Kd for all the compounds.
However, such efforts using the Scatchard plots were not successful, presumably
because of the heterogeneous nature of the polymeric receptors thus prepared, which
did not have a single Kd. However, it is not necessary to have a homogeneous
population of receptors for similarly imprinted polymers to be used as sensors. Stan-
dard curve method could be used for the quantitative determination of the concentra-
tions of an analyte using imprinted polymeric sensors.

CONCLUSIONS

In conclusion, using template polymerization or molecular imprinting techniques,
we have demonstrated that a polymeric fluorescent sensor can be prepared for the

FIG. 9. The effect of tryptamine on the fluorescence emission of fluorescent monomer 3 (52 mM)
in MeOH. From top to bottom [Tryptamine] 5 0, 1.0, 2.0, 3.0, 4.0 mM.
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FIG. 10. The effect of L-tryptophan on the fluorescence emission of fluorescent monomer 3 (52 mM)
in MeOH. From top to bottom [Tryptophan] 5 0, 1.0, 2.5, 3.0 mM.

template molecules. Because creating polymeric sensors using the molecular im-
printing method does not require the prior knowledge of the three-dimensional struc-
ture of the target molecule and the complete de novo design of the complementary
binding sites, the same method could potentially be widely used for the preparation
of fluorescent polymeric sensors for a wide variety of compounds. It is recognized
that the fluorescent polymer prepared in this study needs further improvement in its
sensitivity and selectivity before it can be used as a working fluorescent sensor.
However, the method presented demonstrates a new way of making polymeric fluores-
cent sensors using molecular imprinting techniques. This hopefully opens up new
opportunities for others interested in making fluorescent sensors using molecular
imprinting techniques. Further development will need to focus on the polymer chemis-
try aspect to fine-tune the system in search of sensors with higher sensitivity and
selectivity.

EXPERIMENTAL

General. All 1H NMR spectra were recorded on a Varian 300 MHz with tetrameth-
ylsilane as the internal standard. Column chromatography was performed using silica
gel either from EM Science (230–400 mesh) or from Aldrich (200–400 mesh).
Elemental analyses were performed by Atlantic Microlab Inc. (Norcross, GA). Mass
spectral analyses were conducted by North Carolina State University Mass Spectrum
Laboratory. Unless stated otherwise, commercially available starting materials and
reagents were purchased from Aldrich. AIBN was obtained from Janssen Chimica.
All pH values were determined with an Accumet 1003 Handhold pH/mV/Ion Meter
(Fisher Scientific). A Shimadzu 1601 UV-visible spectrophotometer was used for the
UV measurement. A Shimadzu RF-5301PC spectrofluorometer was used for the
fluorescent studies. The excitation wavelength was set at 350 nm. Both the excitation
and the emission slits were set at 1.5 nm. An INSTECK Model 1060 stirrer was used
for stirring the samples during fluorescent studies and a Thermolyn Mixer (Type
16700) vortex was used to mix the biphasic mixtures.



474 LIAO, WANG, AND WANG

(2-N-t-Butoxycarbonyl)ethyl 3,3-dimethylacrylate (2). To a solution of 3,3-dimeth-
ylacrylic acid (1) (2.000 g, 20 mmol) in 20 ml of dry methylene chloride at 08C under
argon atmosphere with a stirring was added DCC (4.944 g, 24 mmol). After stirring
for 2–3 min, Boc-NHCH2CH2OH (3.864 g, 24 mmol) and DMAP (2.948 g, 24 mmol)
were added into the reaction mixture. The resulting reaction mixture was stirred at
08C for 1.5 h, then RT for 4 h. After cooling at 2208C for 0.5 h, the reaction mixture
was filtered to remove the white precipitate. Then solvent was evaporated to afford
a residue. The residue was dissolved in 150 ml of ethyl acetate. Then the solution
was washed with 1 N HCl (2 3 40 ml), saturated NaHCO3 (2 3 40 ml), and brine
(40 ml) and dried over MgSO4. Solvent was removed in a vacuum to give a slightly
yellow solid, which was purified on a silica gel column (55 g), eluting with ethyl
acetate/hexanes (1/4) to afford a white solid (4.330 g, 89%). 1H NMR d (CDCl3)
5.67 (1H, s), 4.82 (1H, brs), 4.14 (2H, t, J 5 5.2 Hz), 3.30 (2H, brd, J 5 5.0 Hz),
2.17 (3H, s), 1.90 (3H, s), 1.45 (9H, s). MS (FAB) m/z: 244.2 (M1H). Anal. Calcd
for C12H21NO4: C, 59.24; H, 8.70; N, 5.76. Found: C, 59.29; H, 8.66; N, 5.76.

(2-N-Dansyl)ethyl 3,3-dimethylacrylate (3). (N-t-Butoxycarbonyl)ethyl 3,3-di-
methylacrylate (2) (1.944 g, 8.0 mmol) was treated with 15 ml of 25% TFA in
methylene chloride at RT under argon atmosphere for 2 h. Then solvent was evaporated
to give an oil, which was used for the next step reaction without purification.

The residue was dissolved in 30 ml of ethyl acetate. Then dansyl chloride (1.660
g, 5.15 mmol) and NaHCO3 (3.616 g, 34.1 mmol) were added. The mixture was
stirred at RT for 24 h. The solid precipitate was filtered off from the reaction mixture.
The solution was diluted with ethyl acetate (150 ml) and then washed with saturated
NaHCO3 (30 ml) and brine (30 ml), and dried over MgSO4. Then solvent was
evaporated to afford a yellow oil, which was purified on a silica gel column (50 g)
eluting with ethyl acetate/hexanes (1/4 then 1/3) to give a green oil (1.87 g, 80%).
1H NMR d (CDCl3) 8.54 (1H, d, J 5 8.4 Hz), 8.25 (2H, d, J 5 8.3 Hz), 7.45–7.58
(2H, m), 7.17 (1H, d, J 5 7.7 Hz), 5.43 (1H, s), 5.06 (1H, t, J 5 5.8 Hz), 4.00 (2H,
t, J 5 5.1 Hz), 3.19 (2H, m), 2.89 (6H, s), 2.07 (3H, s), 1.86 (3H, s). MS (FAB) m/
z: 376.1 (M). Anal. Calcd for C19H24N204S: C, 60.62; H, 6.43; N, 7.44. Found: C,
60.35; H, 6.45; N, 7.41.

A typical polymerization. To a 50-ml round bottom flask was added 314 mg (0.835
mmol) of the fluorescent monomer 3 and 0.5 ml of acetonitrile at 08C. Then 43 mg
(0.211 mmol) of L-tryptophan was added to the solution with stirring. This was
followed by the addition of 1.663 g (8.399 mmol) of ethylene glycol dimethacrylate.
Then 126 ml of acetic acid and 10.5 ml of TFA were added to dissolve the L-tryptophan.
The reaction flask was flushed with nitrogen for about 45 min. Then 20 mg (0.122
mmol) of AIBN was added. After stirring for 2h more, the reaction temperature was
increased to 458C using an oil bath. The reaction was kept at 458C for 48 h under a
continuous flow of nitrogen.

After polymerization, the polymer was dried in a vacuum oven at 358C overnight.
Then the polymer was ground with a mortar and sieved with a 100-mesh sieve. The
sieved polymer was then washed with 100 ml of 20% acetic acid in methanol, 200
ml 10% acetic acid in methanol, and 100 ml methanol with a fritted glass filter. Then
the polymer was dried again in a vacuum oven at 358C for 12 h. The polymerization
yield was normally about 60%.
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Fluorescence measurements of the polymer without the addition of the quencher,
p-nitrobenzaldehyde. For each fluorescence measurement, 40 mg of the L-tryptophan-
imprinted polymer was added to a 25 ml tube, followed by the addition of 4 ml of
CHCl3. Then 4 ml of the amino acid at different concentrations in 0.03 M citric acid
aqueous solution was added. The two phases were then mixed by using a Thermolyn
Mixer for 4.0 h. After waiting for 3 min to allow for the mixture to separate into
two layers, the tube was gently shaken to allow the polymer to evenly suspend in
the CHCl3 phase. Then 3 ml of CHCl3 suspension was transferred into a cuvette for
fluorescence measurement. The emission spectra was recorded from 380 to 650 nm
immediately after the solution was stirred with an INSTECH stirrer for 15 s.

Fluorescence measurement of the polymer with the addition of the quencher, p-
nitrobenzaldehyde. A stock solution of 0.1 M p-nitrobenzaldehyde in chloroform was
used to adjust the concentration of the quencher. Otherwise, the same procedure was
followed as for the experiments without the added quencher, p-nitrobenzaldehyde.
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