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Fluorcscence techniques have been used widely in chemistry
and biology lor over a century.' With the advent of combi-
natorial solid phasc svnthesis. a varicly of [luorcscence
tcchniques for resin beads have been developed and adopled
for broad applications. which include encoding/decoding.”
Muorescent molccule binding assavs.” and catalylic activity
detection.” The split-and-pool method. another important
tcchnique in combinatorial chemistry. facilitates the synthe-
sis of millions of molcculcs in a onc-bead-one-compound
library format: in principle. cach single bead of resin acts as
a scparalc microrcactor. Although comventional screenings
of these split-and-pool librarics have usually been performed
as mixturcs. a scgregation approach of cach single resin has
been demonsirated recently. avoiding complicaicd data
analysis.® To simplify (he handling of a single resin. (he
rescarchers necessarily utilized a super sizc bead (a 500 gm
diameter Rapp PS (polystyrenc) bead. about 5-fold larger in
diameter than an ordinary synthetic resin) with the aid of
bead arraying (ools.

The problem with the kinctics of solid phasc rcactions is
that it demands. in many cascs. if not all. tedious samplc
preparation steps including (iltering. washing and (rans-
ferring. While single resin bead FT-IR spectra have been
utilized successfully to quantify solid phasc reaction rates.’
no comparable fluorescence kinctics has yet been demon-
strated. Herein we report the first example of single resin
bead kinctics using continuous measurement of luorescence
generation on an aclivaled cster resin.

Activated csters on solid support have been developed as
comvenicent labeling reagents. cspecially for amine nuclco-
philes. ™ Most of (he repotied functionalitics. such as nitro-
phenol. N-hydroxysuccinimide. HOBI (1-hvdroxybenzotri-
azolc) and Kaiscr oxime. have been attached (o a polystyrenc
solid support by a Fricdcl-Crafi reaction' or to a thiol resin
by a malcimide linker.” limiting the sclection of tesin
composilions. To overcome (his limitation. we utilized the
well-cstablished amide bond formation to couple tctra-
Muoro-4-hvdroxy benzoic acid with an aminomcethyl resin
(1). which has a broad matcrial sclection. creating a novel
tctrafluorophenol resin (2).!! For kinctic studics under
various conditions. an crvironment-insensitive high quantum
vicld fluorcscence molecule. 4-acctamino-1.8-naphthalimide
(3). was choscen o prepare the acuvaied csier resm (A)"
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When reacted with a small amount of benzyvlamine (B) in
various solvents. resin A gave a pure product (C) without
work-up or purification. and the amount of gencrated
product could be quantificd by fluorescence measurcment.
Similatly obtained fluorescence data was previously used to
calculate the sccond order reaction rate constant of nitro-
phenol resin. after removal of the resin by [filtration followed
by a sample dilution.”

Onc important obscrvation was that the lluorcscence was
quenched almost complcetely in the resin-bound molecule.
while the released product € showed a bright fluorescence:
the Muorcscence on the resin was less than 1% of that of
product € in solution. Considering the fact that the
Muorcscence of a dyc with a large Stokes shift was not sclf-
quenched on the resin bead.' the quenching effect of resin A
may be duc (o physical confincment of the dycs on (o a small
resin rather than duc to a photochemical quenching. This
phenomenon openced up the chance 10 study an #7 situ kinctic
behavior of this resin without any sampling process. which
lacilitated data collection in a short time. Another improve-
ment was achicved by changing the sccond order reaction of
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Scheme 1. (a) letratluoro-4-hyvdroxy benzoic acid. DIC. [IOBL,
DML (b) 3. DIC. DMAP. DML (¢) B. DML
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Figure 1. I'luorescence measurement of LCC PS resin (A) with

BnNli: (10 mM) in DML, X ne resin. circle: single resin,
quadrangle: two resins, triangle: three resins. Standard deviation
was given tor the error bar.

aminolysis into a pseudo-first-order reaction by using an
excess of the amine. This conversion has several significant
advantages: 1) the kinetic reaction measurement time can be
shortened from many hours (or even days) to less than one
hour:; 2) the pseudo-first-order reaction rate constant (k’) can
be obtained from the slope of a linear relationship of In[1/1-
relative corversion)| ws. time:'* 3) althongh the kinetic
starting point was not exactly svnchronized due to an
experimental deviation. it does not affect the calculation of
k. and 4) since the relative comversion, |C|/|Ao]. instead of
the absolute amount of A consumed in the reaction profile. is
utilized in the rate constant determination. measuring the
initial amount of resin is not required. Normally one is
obliged to use at least multi mg resins for each kinetic study.
However. the last advantage allowed us to reduce the scale of
the reaction. even down to a single resin bead.

To miniaturize the reaction. we tested a 384-well plate
format with 30 gL reaction volumes containing benzylamine
(10 mM final concentration). and recorded the fluorescence
change using a plate reader (Ao, = 370 nm. Ay, = 455 nm)."”
To make sure we were measuring a single resin bead’s
behavior. a homogeneous size resin (186 ym. LCC Reacto-
spheres PS aminomethy] resin) was utilized. When diluted
enough. zero to several resin beads could be transferred to
the plate wells by pipetting and the fluorescence generation
was recorded as a function of time as shown in Figure 1.
While almost half of the wells showed no fluorescence.
several wells showed a clear quantization of fluorescence
generated from one. two. or three resin beads; there was no
fluorescence curve intermediate between one and zero resin
wells. A standard curve constructed with product C (1-100
HM in 30 L, DMF solution) indicated that the loading level
of each single bead is about 1.1 nmol/resin (22 ¢4M in 30 pL
DMSO solution. the loading level of original aminomethyl
resin is 2.7 nmol/resin).'” Furthermore. the pseudo-first-
order reaction rate constant k* was also calculated from a
linear plot of the data. finally giving the second order
reaction constant k as 46.9 (£3.5) M 'min™'. As expected.
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the resin number in each well did not affect the kinetic
results.

In conclusion, we have successfully demonstrated the first
single resin bead kinetics based on continuous fluoresecence
measurement. This highthrouput kinetics approach will be
useful to study the statistics of single bead behaviors and
loading level measurements in a short period of time. The
novel fluorescence labeling reagent containing tetrafluoro-
phenol in various solid support materials will be used as key
reagents to generate useful amide libraries and to label
various amine-containing biological probes.
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