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ABSTRACT
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The long-chain aliphatic-group-substituted mandelic acid 3c, which is soluble only in THF and insoluble in water and many polar/nonpolar
organic solvents, has been synthesized. This unique solubility allows 3c to be easily isolated from reaction mixtures and makes it potentially

useful for catalyst screening. The fluorescent sensors ( R)- and (S)-1 can be used to determine the ees of various samples of 3c generated
from a series of catalyst screening experiments. The fluorescence measurements correlate well with the conventional HPLC-chiral column
analysis. This work demonstrates that the enantioselective fluorescent recognition of organic substrates can lead to a fundamentally new
method for chiral catalyst screening.

Development of analytical methods for high-throughput  To conduct a high-throughput catalyst screening experi-
chiral catalyst screening has attracted significant researchment, it would be much more convenient to use a supported
activity in recent year$.® Among these methods, the use substrate since this would allow an easy removal of the
of fluorescence-based enantioselective sensors is particularlycatalysts and reagents and simplify the analysis of the
interesting because fluorescence can potentially provide bothproduct. However, if a fluorescent sensor were used to
high sensitivity and real-time measuremém/ork in this determine the enantiomeric composition of the product, it
area has led to various fluorescent sensors for the chiralwould require a heterogeneous recognition of the supported
recognition of organic substrates in solution. For example, product, which is expected to be difficult because of the
we have found that the bisbinaphthyl macrocyclgs énd nonspecific interaction with the surface of the supported
(R)-1 are highly enantioselective fluorescent sensors for material. To apply the enantioselective fluorescent sensors
mandelic acid in solutiof. to the chiral catalyst screening, we have proposed to prepare
a substrate that would precipitate out of the catalyst screening
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Table 1. Solubility of Compound®2a—c, 3a—c, and5 in Various Solvents

compound methanol diethyl ether methylene chloride ethyl acetate THF
O 2a: R=CgHy30
R~©—/( 2 F;i%?e"';;g moderate good good good good
H - = 2245
OH
CSH1304©_<COOH“ good good good good good
OH
CwaHnO*@—(COOH?'b moderate moderate good good good
OH
CoHLO 3 poor poor
s ‘©_<000H ¢ (<1 mg/9 mL) poor (<1 mg/10 mL) poor good
OH
szH450-©—<COO 5 moderate good good good good
Me

reaction mixtures to allow simple separation but still be 4 was reacted with various linear alkyl bromides in order to
soluble when used to interact with the fluorescent sensors.introduce alkyl groups to its benzene ring. It was found that
Herein, we report our finding on the enantioselective in 90% ethanol at reflux, the alkylation of the highly
fluorescent recognition of a soluble “supported” mandelic functional4 in the presence of KOH occurred with remark-
acid and its use in enantiomeric excess (ee) determination.ably high selectivity at the phenol oxygen to gi8e

We are interested in developing chiral catalysts for the Table 1 summarizes the solubility of the aldehy@as-
conversion of the aldehyd&to the mandelic acid derivative ¢, thea-hydroxy acids3a—c, and the esteb. As the length
3 by various reaction pathways (Scheme 1). The following of the alkyl chain increases, the solubility 8fin organic

solvents decreases. CompouBa containing a 22-carbon

_ chain alkyl group is found to be almost insoluble in most of

Scheme 1. Asymmetric Conversion of Aldehydes to the organic solvents but still has good solubility in THF. It

a-Hydroxy Acids by Various Reaction Pathways is also not soluble in water. This compound seems to have
cat* OH all the desired solution properties. The corresponding alde-
R—@CHO > R O hyde 2c is soluble in most organic solvents, which would
2 X=TMSCN HCN. 3 2 allow its reaction with other reagents to proceed homoge-
KCN, CHCl3, | neously, and the produBt would be precipitated out in the
HCO,H, etc. absence of THF. The good solubility 8t in THF will assist

its interaction with the fluorescent sensoR)-(and ©-1,

which are soluble in many organic solvents, including THF.

properties are desirable for compour2l&ind 3 when an The optically active samples &t were obtained by the

enantioselective fluorescent sensor is used to determine theasymmetric reaction ofc with TMSCN in methylene

ee of3 produced from the catalyst screening: (1) Compound chloride in the presence of Ti(Pr), and &)-/(—)-diisopro-

2 needs to be soluble in various solvents to allow the pyltartrate (DIPT) (70 mol %) at room temperature using a

conversion to be conducted in a homogeneous environmentmodified literature procedureThe product was then treated

(2) After the conversion3 can be precipitated out with or ~ with HCI (g) and MeOH/E{O (1:3) at room temperature,

without the addition of a poor solvent. (3) CompouBid  which gave the methyl estér{Scheme 3§.The enantiomeric

should be soluble in a solvent or a mixture of solvents for

analysis by using a fluorescent sensor. (4) The fluorescen_

sensors should show enantioselectivity in the recognition of  Scheme 3. Asymmetric Reaction ofc with TMSCN in the

3. Presence of+)-/(—)-DIPT and Ti(OPr), to Generateés and 3¢
Introduction of a nonpolar aliphatic group to the benzene 1. TMSCN

ring of the highly polar mandelic acid was examined with " : O  Ti(OPr)4+DIPT (70 mol%) _

. . . . . . OH
the expectation that the combination of such distinctively R—(

. . H 2. HCI (g), MeOH/Et,0 (1:3) CO,Me
different molecular fragments together should lead to inter- 2c 5

esting solution properties. As shown in Scheme 2, compound R ="Cy,H,50
1. KOH, dioxane

60 ° OH 3c
| T g )L

=N
Scheme 2. Synthesis of Alkylated 4-Hydroxy Mandelic Acid 2. HCl(aq.), 0°C CO,H R ="C22HasO
H
HO@—(O + R fOM o OH
CO,H 90% EtOH CO,H . . . .
4 H.0 3a-c purity of 5 was determined using an HPLC-chiral OD

: (R = CgHy30, C1gHa70 column. The ester§)-5, obtained by using4)-DIPT, was

and Cp,Hs50) produced with 79.5% ee (that is, 90%{enantiomer), and

(R)-5, obtained by using)-DIPT, was produced with 72%
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ee (that is, 86%R)-enantiomer). Compouriwas converted On the basis of the interaction of the enantiomeric sensors
to 3c by treatment with KOH in dioxane at 60C, which (R)- and ©)-1 with 3c of various enantiomeric compaositions,
precipitated out with acidification. To determine if the a linear relationship between the fluorescence intensity
hydrolysis condition could racemize the chiral centeBaf difference Al [Al = (Idlsg — (Ir/lro); Is, fluorescence
we converted3c back to5 by reaction with HCI (g) and  intensity of §-1in the presence of the acily, fluorescence
MeOH/ELO (1:3). HPLC analysis ob showed a slight intensity of ®)-1 in the presence of the acitko and o,
increase in ee~3.5%). This demonstrates that no racem- fluorescence intensity oR)-/(S)-1 without the acid] and the
ization took place during the hydrolysis bfto 3c. ee of3cis established (Figure 3). Thus, using Figure 3, one
The optically active R)- and §)-3c obtained above were
allowed to interact with the fluorescent sens@s and R)- _
1. We found that in a ternary solvent of THF/hexane/benzene
(1:5.5:18.5), the sensors (2:0 10> M) showed enantio- 2.57

selective fluorescent responses to the chiral acidsxX210* 1
M) (Figure 1). THF was used to dissolv&c, and the Al 1.5
| ol
-0.5
00T (R-1+(R)-3¢ 154
(R)-1+(S)-3¢ -
700 + (R-1
2.5 Tttt
500 1 -100 -50 0 50 100

300 - ee% of (S)-3¢

100 1 Figure 3. Relationship betweeAl and the enantiomeric composi-
tion of mandelic acid.

-00345 395 445 495
Wavelength (nm)

Figure 1. Fluorescence spectra )1 (2.0 x 107> M) with (R)- should be able to determine the enantiomeric composition
and ©-3c (2.0 x 1074 M) (Aexc = 332 nm, slit= 3.5; 6.5 nm). of a given sample o8c from Al.

We studied the conversion @kt to 3c by the TMSCN

combination of benzene and hexane was necessary for theddition in the presence of the chiral ligan@-((R)-6° and
enantioselective fluorescent response. Although the enantio-()-/(=)-DIPT in combination with Ti(GPr), under various
selectivity of the sensor faBc is significantly lower than ~ conditions as summarized in Table 2. The prodicivas

that for the unsubstituted mandelic acid, it is still useful for

ee determination (vide infrd). |
Samples oBc (2.0 x 104 M) with various enantiomeric  Taple 2. Asymmetric TMSCN Addition ta2c and Fluorescent

compositions were prepared, and their interaction Wa)h1( Ee Determination of Produ@c

(2.0 x 1075 M) in the ternary solvent system was studied. ligand Ti(OPr)s AL = oo

A monotonic relation between the fluorescence intensity and o\ v colvent  (mol %) (mol %) (Us/lso — I/Ire) (%)

the enantiomeric composition of the acid was obtained

(Figure 2). We also studied the interaction of the samples 1 CHCly (+)-DIPT (40) 40 1.92 [
. . . . . 2  CHoCly (—)-DIPT (40) 40 -1.81 =77
with (9-1 and observed a mirror image relationship for thf—:- 3 CH,Cl, (S)-6(10) 8 92.06 84
fluorescence responses. This confirmed the observed chiral 4  cp,c1, ()6 (10) 10 1.33 54
recognition of3c by the fluorescent sensor. 5 CHyCly (S)-6(10) 12 0.38 14
6 THF  (5)-6(10) 10 0.99 39

- T ether  (S)6(10) 10 011 3
8  toluene (S)-6(10) 10 0.95 38

900 9 CHXClL (R)-6(10) 10 -1.26 —54

800 10 CHxCl; (R)-6(10) 2 —-1.31 -56

700

o0 isolated in the range of 6670% yield simply by centrifuga-

tion and filtration because of the insolubility 8C in the
400 = ‘ ‘ ’ absence of THF. The 10 samples3if obtained from the

0 50 o above catalyst screening were treated with the fluorescent
R% of 3¢

500

. 5 . (7) Hayashi, M.; Matsuda, T.; Oguni, N. Chem. Soc., Perkin Trans. 1
Figure 2. Fluorescence responses &4l (2.0 x 10°> M) with 1992 22, 3135-3140. For the modification, see Supporting Information.

3¢ (2.0 x 10°* M) at variousR compositions fexc = 332 nm, slit (8) Tanaka, K.; Mori, A.; Inoue, SJ. Org. Chem199Q 55, 181—185.
= 3.5; 6.5 nm). (9)Li, Z.-B.; Rajaram, A. R.; Decharin, N.; Qin, Y.-C.; Pu, L.
Tetrahedron Lett2005 46, 2223-2226.

Org. Lett, Vol. 7, No. 16, 2005 3443



sensorsR)- and §)-1 under the same conditions as those in
Figure 2. The ees of the samples were determined according
to Figure 3 by measuring\l.

We also used an HPLC-chiral OD column to analyze the
ees of the methyl esterS obtained from the screening
experiments in Table 2. Table 3 compares the HPLC data

Table 3. Comparison of the Ees from HPLC Analysis with
Those from Fluorescence Measurements

sample 1 2 3 4 5 6 7 8 9 10

FL 79 77 84 54 14 39 3 38 -—-54 —56
HPLC 73 —-69 72 49 23 50 8 44 —47 -b4

100
807
607
407
207

ee% 0

-207

-40+

-607

-80

B F| uor esecent

123 4567 8910

Sample

with those from the fluorescence measurements, and a good

correlation is observed.

In summary, we have synthesized the long-chain aliphatic-
group-substituted mandelic ac&t, which is soluble only
in THF and insoluble in water and many polar/nonpolar
organic solvents. This unique solubility allo®sto be easily

3444
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isolated from a reaction mixture and makes it potentially
useful for catalyst screening. We have demonstrated that the
SiBe fluorescent sensor®]- and ©-1 can be used to determine
the ees of3c generated from a series of catalyst screening
experiments. The fluorescence measurements correlate well
with the conventional HPLC-chiral column analysis. This
work demonstrates that the enantioselective fluorescent
recognition of organic substrates may open the door to a
fundamentally new method for chiral catalyst screening.

Acknowledgment. We thank the National Institutes of
Health for partial support of this research (R0O1GM58454/
RO1EB002037).

Supporting Information Available: Syntheses and char-
acterizations of the new compounds and details of the
fluorescence measurements. This material is available free
of charge via the Internet at http://pubs.acs.org.

Org. Lett, Vol. 7, No. 16, 2005



