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Developing enantioselective catalysts via high-throughput screen- Table 1. Association Constants (Ki/103 M~?) of Boronic Receptors
ing (HTS) entails determination of both reaction conversion (yield) (1=3) with Indicators (PV, AC) and o/L-Phenyllactic Acids (PL)

and enantiomeric excess (éeAmong the methods for ee deter- 1 (89)-2 (RR)-2 (S)3

mination? the use of absorbance and fluorescence spectroscopy has pv 2.3 13 11 15

been the focus of many recent studiés$n those studies, empirical AC 13 63 61 57
D-PL 1.3 34 8.3 1.8

calibration curves for ee are required for each different extent of
conversior#deln this study, we demonstrate that concentration and
ee can be determined with two simple visible absorption measure- ? MeaSUVIEdt_by gogpezﬂvﬁlt leleOCtrf'J\ﬁh:éopr?stfytinf;/z (2/d/V)f mﬁtgafrfm")c

. P . agueous solution bulrered wi m atp . erau urrer),
men_tg The gerlera! ease of this ;ystem, and the ellmlnatlgn Ofdata with PV or AC were taken at 520 and 536 nm, respectively.
empirical ee calibration curves for different analyte concentrations,

L-PL 13 9.6 3.3 2.5

render the technique the power to become a practical assay forthe 0 % ——

discovery of enantioselective catalysts through HTS processes. ¢ D-PLIS,8)-2
Indicator-displacement assays (IDAs) have been used in a number 02 % 2:'_':,';_’1(15’5)'2

of sensing applicationsin this study, we exploit the binding of 04 | A .’aga AL-PLA

boronic acids tax-hydroxyacids and catechols in aqueous média. AT U0, N

For example, the affinity betweenand phenyllactic acid (PL) was S-06 | ‘A ‘e e o g 4 & g

determined to be 1.% 10° M~! (Table 1) using an IDA with the s A * "

catechol-containing indicators (PV and AC). Pyruvic acid, the ' A, N ¢ e, . W

precursor of LC through hydrogenation, does not appear to associate .1 | A L., N M * o+ o

with 1 under such conditions. As expected, achiral receptwund A a A A A

both enantiomers of PL with identical affinities (Figure 1). -1.2 . 5 1‘0 1‘5 - 2'5 3‘0 s

Therefore,.the total concentration Qf an unknown PL sample could [Analyte (D or L-PL)J[Receptor (1 or (S,5)-2)]

be determined through an IDA usirig Figure 1. Absorbance change at 520 nm of PV (149) and receptors

(59-2(0.510 mM), orl (0.575 mM) in the default buffer (footnote, Table

oM om <L i .
@[\NQ @\N EMG N ¢ @E\N, © 1) with increasing concentration of or L-PL (analytes).
B B “OMe B B,

HG OH HG OH HG OH OMe HG OH Table 2. Association Constants (Kg, Ks) between (S,S)-2 and
1 S:5)2 (RR)-2 (5)3 o-Hydroxyacid Substrates@
oH 0 PL MD HI HB LC HM
O OH OH
R}\”/OH OH_COH ‘ Kr/(103 M1 3.4 2.0 4.2 3.2 45 43
O‘O r Ks/(10° MY 9.6 3.0 5.9 4.2 4.3 55
o N._CO,H |
gzgﬁgﬁ\;'l - ﬁqh:':g’gﬁg‘;i ;c(i:n(:;L) e} aMeasured as stated in TableKlr andKs are association constants for
R = isopropyl - hydroxyisovaleric acid (HI) Alizarin Complexone (AC) SO;H OH R- and S-configureda-hydroxyacids, respectively.
: = ethi/rl] -Ih)ng_xybqgr(ilr-:g)cid (HB) OH .
= metnyl - lactic ac

R = cyclohexyl - hexahydromandelic acid (HM) Pyrocatechol Violet (PV) UV absorbances. The diffe renCAAA) can be as large as 0.27.

An A vs ee correlation at 1.5 mM analyte concentration was

By incorporating chirality into the receptor structure, the determined (Figure 2). The absorbance of the sample increased
displacement of the indicator by chiral analytes was anticipated to (filled black diamonds) when the percentage of stronger binding
be enantioselective. Therefore, the binding of chiral recep®rs ( enantiomer (-PL) was decreased because of less competitive
and3) andp/L-PL was studied with an IDA also. All the receptors  binding (see Supporting Information for UWis spectra). When
showed comparable affinities (Table 1)dehydroxyacids and PV the total analyte concentration was adjusted to 3.0 mM, the overall
or AC. (S9-2 showed 2.8 times larger affinity toPL overp-PL absorption of this series of samples (blue diamonds) decreased due
(Figure 1), while RR)-2 favoredp-PL to the same extent (Table to more efficient displacement of the indicator, while the relative
1). Predictably, compounds)-3, which has one less stereogenic correlation betweeA and ee remained unchanged. When receptor
center, displayed less discriminating power betwegnPL. The (S9-2 was replaced by its enantiomd®,R)-2 at a slightly different
association betweerS5§)-2 and othero-hydroxyacids was also  concentration, a near-mirror image—ee correlation (red) was
studied (Table 2) where samples witkconfigurations were observed. Interestingly, th&—ee relationships were found to be

generally favored (with the exception of LC). curved (Figure 2), where the change in absorbance was consistently
When monitoring the absorbance (520 nm) of the receffy greater when the stronger-binding enantiomer was in the minority
complex, the different displacement profilesty-PL dictate that, of the mixture. This is reasonable because the stronger-binding

at a given concentration, the enantiomeric samples have distinctenantiomer is more dominant in the overall signal modulation.
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Table 3. Determination of Concentration and ee of PL Samples

concentration
(determined)/mM

concentration
(actual)/mm

ee
(actual)

ee
(determined)

0
ee

Figure 2. Absorbance change at 520 nm of PV, receptor, and analyte solu-
tions upon increasing ee @fPL. Black diamonds: [[]= 149 uM, [H]:
[(S9-2] = 0.51 mM, [G] = 1.50 mM. Blue diamonds: [{}= 149uM, [H]:
[(S9-2]= 0.51 mM, [G]} = 3.00 mM. Red diamonds: Il 141uM,° [H]:
[(RR)-2]= 0.52 mM, [G} = 1.50 mM. Open diamonds: calculated data.
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Because the behavior of all the species obey solution equilibria,
the absorbance change through the variation of solution composition
could be mathematically modeled.

Four interacting substances are present in solution: indicator I,
chiral receptor H, and two enantiomers of the analy#3s. Their

21.5
28.1
314

1.00
—0.89
—0.82

0.98
—-0.71
—0.68

20.0
26.5
28.5

determined analyte concentration. The effectiveness of this system
is shown in Table 3, where the total concentration and ee of three
PL samples were determined. The accuracy of the overall concen-
tration was+10%, whereas the ee could be determined within
+20% errort®

In summary, because HTS of enantioselective catalysts demands
rapid determination of both the yield and ee from a catalytic reac-
tion, we have created a two-step analysis that utilizes an achiral and a
chiral receptor in sequential IDAs. This approach is simple and
practical compared to a number of reported screening assays for
several reasons: it does not require substrate derivatization, it relies
on a simple analytical technique (absorption spectroscopy), the
production of the chiral receptors does not require lengthy syntheses,
and most importantly, a mathematical analysis eliminates the need
for empirical ee calibration curves for each analyte concentration.
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equilibria: [HGR] = Kg[GRg][H], [HG 5] = K{Gg][H], and [HI] =
Ki[1][H]. These concentrations are related by three mass balances:
(] + [HI] =[], [Gr] + [Gg] + [HGg] + [HGs] = [G], and [H]

+ [HI] + [HGR] + [HGg] = [H]..” The absorbance of the sample
is given by Beer's Law (eq 1), and ee is defined in the terms of
analyte concentrations (eq 2). The total of eight equations are rear-
ranged to afford eq 3 (see Supporting Information). Parameters
enl, andK, are determined from a receptor/indicator binding iso-
therm,Kr andKs from IDAs, [I]; and [H} are gravimetrically deter-
mined, and the analyte total concentration[iGpbtained from an
IDA with achiral receptorl as previously stated. Therefore, there
are only 2 variablesA and ee-in eq 3. Equation 3 is further rear-
ranged into the standard polynomial formatA QA3 + RAZ +

SA + T = 0 with the aid of the commercial software Mathematica
58where P, Q, R, S, T are all functions of ee. Therefore, by solving
the 4th order polynomial equatidrthe absorbance of the displace-
ment cocktail is successfully correlated to the ee of the analyte.
The eight experimentally determined constartse(y, Ki, Kg, Ks,

[N+ [H]:, and [G]) are input into eq 3 to generate theoretical data
(open diamonds in Figure 2). The well-matched data indicate the
predictive power of eq 3 for thA—ee correlations.

A= ¢Db[l] + ey b[HI]
_ ([Grl +[HGR]) — ([G4] + [HGy])
% =
[C];
ebll],— A KRIGli(1 + eg)(¢,b[l], — A)
Ki(A=eybll])  2[AK, — Kg) = b[l] (e K| — ¢ KR)]

KJGJ(1 — eg)(ebll]; — A)
= 3
2[A(K; = Kg) = b[I] (e K) — €Kg)] M. )

1)

@)

A—¢b[l],
bAe

When this IDA system was put into practice to determine the
concentration and ee of azhydroxyacid sample, two independent

absorption measurements were carried out. First, the absorbance

spectrum from an IDA containing the achiral receptbrgnd PV
gave the overall concentration of the-hydroxyacid. Second,
another absorbance reading with a chiral ensemB|§){2 and PV)

was used in eq 3 to quantify the ee of the sample. This was done
without generating an empirical ee calibration curve for the

Mr. Frantz Andersen for helpful discussions.

Supporting Information Available: Syntheses, full derivation of
eqg 3, and representative absorption spectra (PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.
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