CHEMISTRY LETTERS, pp. 1187-1190, 1989. © 1989 The Chemical Society of Japan
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Kinetic resolution of racemic a-arylcarboxylic acids is
successfully achieved by a catalytic use of titanium tetra-
isopropoxide and a chiral 1,4-diol in the reaction of the

corresponding 2-pyridinethiol esters and isopropyl alcohol.

Development of chiral catalysts for organic synthesis has attracted
considerable interest in recent years.l) In the previous papers, we reported the

4) and hydrocyanationS)

asymmetric Diels—Alder,Z) [2+2] cycloaddition,3) ene
reactions by employing a chiral titanium reagent generated from titanium
dichloride diisopropoxide and a chiral 1,4-diol 1 which is derived from dimethyl
tartrate. We considered that titanium tetraalkoxide having the chiral 1,4-diol
moiety could be utilized effectively as a chiral metal alkoxide for asymmetric
induction and the application to asymmetric esterification of racemic carboxylic
acid derivatives was investigated.

The chiral titanium alkoxide was prepared in situ by mixing equimolar amounts
of the chiral 1,4-diol 1 and titanium tetraisopropoxide ( Ti(OPri)4 ) at 0 °C in
toluene.6) At first, transformation of acid chloride, acid anhydride, and various
active esters of (t+)-2-phenylbutanocic acid to the isopropyl ester was investigated
by treatment with a half molar amount of the chiral titanium alkoxide in toluene.
And the 2-pyridinethiol ester 2a was found to react with the chiral titanium
alkoxide at -78 ©C and the isopropyl ester 3a was obtained in 69% yield with high
(91% ee) optical purity. The reaction of 2a with Ti(OPri)4 alone or with a
mixture of Ti(OPri)4 and isopropyl alcohol, however, proceeded very slowly at -78
OC, and these evidences revealed that the nucleophilicity of isopropoxide is
increased significantly by the introduction of the 1,4-diol moiety in the titanium
alkoxide.

Good to high asymmetric induction was also observed in the esterification of
several 2-pyridinethiol esters 27) of a-arylcarboxylic acids by applying the above
method, and the (R)-isopropyl esters 3 were obtained preferentially when the (R)-

1,4-diol was employed.(Eg. 1, Table 1)
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Table 1. The Reaction of 2 with the Chiral Titanium Alkoxide
R Ar Temp/°C vield/s8) ee/3?) kR/kslo)
2a Et Ph -78 69 91 34
2b Me Ph -78 86 74 12
2c Prt Ph -45 56 90 27
2d Pr' p-Cl-CgH,  -45 49 91 28
2e Bul Ph -78 88 92 52

Although the reaction between 2a and the chiral titanium isopropoxide
proceeded at -78 ©C, the reaction of equimolar amounts of 2a and isopropyl alcohol
was not accelerated effectively at this low temperature with a catalytic amount of
the chiral titanium isopropoxide (10% mol). These results indicate that, in the
catalytic process in the following scheme, regeneration of the chiral titanium
isopropoxide 4a from titanium 2-pyridinethiolate 4b and isopropyl alcohol does not
take place smoothly at the low temperature. At higher temperature (0 Oc), the
isopropyl ester 3a was produced in good yield even with a catalytic amount of the
chiral titanium alkoxide but in lower enantioselectivity. In order to facilitate
the regeneration of the chiral titanium isopropoxide 4a even at low temperature,
the catalytic reaction was performed in the presence of excess amounts (5 molar
amounts) of isopropyl alcohol and Molecular Sieves an.1l) 1n fact, the catalytic
reaction proceeded smoothly at ~78 ©°C to afford the (R)-isopropyl ester 3a in high
optical purity (69% yield, 92% ee; kr/kg= ca. 39).
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The experimental procedure is as follows: To a toluene (9 mL) solution of
the (R)-chiral diol 1 (60.6 mg, 0.115 mmol) was added a 1.00 mol/L toluene
solution of Ti(OPri)4 (0.10 mL, 0.10 mmol) at 0 ©C in the presence of Molecular
Sieves 4A (200 mg) under an argon atmosphere, and the mixture was stirred for 1 h.
At -78 °C isopropyl alcohol (0.38 mL, 5.0 mmol) and then a toluene (4.5 mL)
solution of racemic 2-(2-phenylbutanoyl)thiopyridine (2a) (261.9 mg, 1.02 mmol)
was added dropwise and the mixture was stirred for 90 h at this temperature. The
reaction was quenched with pH 7 phosphate buffer, and the organic layer was
extracted with dichloromethane and the extracts were dried over anhydrous sodium
sulfate. After evaporation of the solvent, the crude product was purified by
preparative TLC to afford the isopropyl ester 3a (72.9 mg, 0.353 mmol).

The above catalytic procedure found a general application to the catalytic
kinetic resolution of various a-arylcarboxylic acids. As summarized in Table 2,
2-pyridinethiol esters were successfully resolved to the corresponding optically
active esters in high ratios of rates of esterification of the two enantiomers
(kg/kg). Concerning kinetic resolution of a-arylcarboxylic acids, few methods
which involve the enantioselective esterification of the acid anhydrides with
chiral alcohols have been reported.lz) On the other hand, by employing the chiral
catalyst the kinetic resolution proceeds using an achiral nucleophile (isopropyl
alcohol), giving isopropyl esters in high optical purity. Consequently the
present procedure will provide a practical method for resolution of racemic a-

arylcarboxylic acids.
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Table 2. The Catalytic Kinetic Resolution of

Various ae-Arylcarboxylic Acids

R Ar Temp/°C vield/38) ee/3?) kR/kslo)
2a Et Ph -78 69 92 39
2b Me Ph -78 81 88 29
2¢c prt Ph -45 43 94 42
2d Pr' p-Cl-CgH,  -45 37 91 26
2e But Ph -78 78 91 38
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