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Figure 1. Acetic acid sensor in acyl transfer reactions.
The discovery of new catalysts that mediate selective trans-
formations is a fundamental goal in chemistry. Frequently, the accelerated catalysis. Because these transformations produce an
discovery process involves the synthesis of many catalysts, equivalent of acetic acid for each catalytic turnover, we surmised
followed by an evaluation of individual catalyst performance. that a direct method of detection for this product would provide
More recently, however, new methods for the simultaneous an effective and accurate means of monitoring catalytic turnover.
evaluation of large numbers of catalysts have been repbited. To detect acetic acid evolution, we chose to employ an acid
this regard, IR thermograpBygolorimetric assaysand fluorescent ~ sensor based on aminomethylanthracgifgigure 1). It is well-
substrateéshave been utilized to select reactive catalysts from known that aminomethylanthracenes are pH sensitive fluorophores
libraries of catalyst candidates. In addition, Reddington, et al. which undergo PET (photoinduced electron transfer) processes
successfully applied fluorescent pH sensors to the combinatorialwhen in the free amine form, but fluoresce when protonéfted.
discovery of fuel cell anodesin the present paper, we describe Using fluorometry, we found that a toluene solution of 2-propanol
a method for the simultaneous screening of multiple catalysts (0.2 M), sensof (0.25 mM), and acetic anhydride (0.2 M), upon
based on the use of a molecular sefsdnich fluoresces upon  treatment with 5 mol % of the acylation catalyétmethylimid-
detection of a desired reaction product. The present approach car@zole increases in fluorescence intensity as acyl transfer pro-
be applied both in a spatially addressed solution-phase assay aseeds? In contrast, when the same solution is allowed to stir in
well as in a single-beagsingle-catalyst assdy? the absence of an acylation catalyst, the solution remains
Our interest in this area stems from our ongoing investigation nonfluorescent, corresponding to no reaction.
of enantioselective acyl transfer catalysts. We recently reported An attractive feature of fluorescence-based assays is that it
that incorporation of nucleophilic groups (e.g., 3-alkylimidazoles) allows simultaneous monitoring of several reactions in a high-
into peptides of well-defined structure produces asymmetric acyla- throughput format using a fluorescence plate reader. Thus, to
tion catalysts that providedckvalues of up to 28 for certain kine- ~ demonstrate thdtis capable of reporting relative rate information

tic resolutions (eq 132! Noteworthy during these studies was from several parallel acyl transfer experiments, we examined a
variety of catalysts that are known to exhibit various degrees of

HQ ~ NHAc  Ac0 HO ~ NHAC AcO  NHAc o catalytic activity. As shown in Figure 2, we compared seven cata-
Toluene 7 . N\ . lysts at three different loadings (0.2, 0.6, and 1.8 mol %) for cata-
O e Me™ "OH lytic efficiency in the reaction shown in eq 1. (Only the 1.8 mol
@ O\.JLN ZuMe ‘ % data is shown. See the Supporting Information for the 0.2 mol
Me NY H d=o S8R TomiEsion % and 0.6 mol % plots.) Three replications of 21 uniform reaction
<N o---Nn “ mixtures containing equimolar amounts of racetréns 1,2-acet-
k, / N . O%M amidocyclohexanol, acetic anhydride, and 0.05 mol % sehsor
BOC™ "H-"~

were deposited within a standard 96-well plate. Treatment of the
solutions with the seven catalysts illustrated in Figure 2, followed

the observation that the most selective catalysts typically afforded by measurement of fluorescence intensity at various time intervals
the fastest reactions; we attribute this trend to hydrogen bond- using a fluorescence plate reader, allowed for a direct readout of
reaction rates (i.e., catalyst activity) as a function of acetic acid
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a Fluorescence micrographs of the spatially separated bead sets are
included in the Supporting Information.
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Figure 2.

these observations; the catalytic activity dfvas found to be  beads functionalized wit@ (2-Resin) fluoresced more strongly
substantially greater than eith@ior NMI . Furthermore, peptide than those functionalized witB (3-Resin). Fluorescence from
3is only slightly more active thaNMI, a catalyst which affords  the weakly catalytically activel-Resin was substantially less
no opportunity for hydrogen bond-accelerated catalysis. It may intense, and-Resinwas essentially nonfluoresceft® Impor-
be that the different stereochemical arrays afforded®and 3 tantly, pairwise mixing of beads followed by subjection to the
provide differing opportunities for the key H-bonds between reaction conditions indicated that highly catalytically activated
substrate and catalyst. Most importantly, fluorescence providesbeads can be distinguished from catalytically inert beads while
an excellent opportunity to screen for this subtle type of rate the beads were coexisting in the same vegs&dsin+ 5-Resin).
acceleration, which may be coupled to enantioselectivity for the Remarkably, pairwise mixing of epimeric beada-Resin +
several peptide-based catalysts we have exanthed. 3-Resin) also revealed two sets of unique beads in a single
We then sought to adapt the sensor to experiments designedeaction vessel. Finally, completely analogous results are obtained
to identify highly effective catalysts during a simultaneous single- when all four resins are mixed together in the same reaction vessel.
bead-single-catalyst screening protocol. We covalently attached The results suggest that this approach may be suitable for the
the sensor to Wang resin which was simultaneously functionalized screening of single-beadingle-catalyst libraries using either
with potential catalysts (Table 1). Covalent attachment of both fluorescence microscopy or fluorescence-activated bead séfting.
sensor and catalyst to the same bead sets up a situation in whiclEfforts along these lines are ongoing.
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