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Abstract

A new free recoverable and reusable mono-alkaloid-type ligand has been synthesized by a simple method. With highly polar

groups, the ligand can be recycled and reused eight times to prepare ethyl (2R,3S)-2,3-dihydroxy-3-phenylpropionate with high

yield and ee via asymmetric dihydroxylation (AD) reaction.
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Ethyl (2R,3S)-2,3-dihydroxy-3-phenylpropionate is a valuable building block in the production of pharmaceuticals,

agrochemicals and other fine chemicals. With this optical material, C13 side chain of anticancer drugs, taxol and

docetaxel, can be prepared [1]. Meanwhile, the asymmetric dihydroxylation (AD) of ethyl cinnamate works as the

most efficient method to achieve it [2]. This catalytic reaction was devised and improved by Sharpless et al. [3]. Since

then, many ligands with excellent results obtained have been developed. In most cases, more attention was paid to

dimeric cinchona alkaloids and the reaction gave better results than those of mono-alkaloids. But the synthesis of

dimeric ligands was more complicated. Both Lin’s and our work showed that the second alkaloid moiety of dimeric

alkaloid-type ligands was not always indispensable in some catalytic processes [4–6]. It is noteworthy that the AD

reaction of some substrates catalyzed by monomer CLB-DHQD ever gave excellent enantioselectivities [7].

Compared with the dimeric ligands, the monomer ones were easily prepared and can be modified for special use.

Herein, a new free mono-alkaloid-derivate 1 was synthesized and its reuse in the synthesis of ethyl (2R,3S)-2,3-

dihydroxy-3-phenylpropionate was probed.

The route for ligand 1 was straightforward (Scheme 1). In the first step, quinine was nucleophilically mono-

substituted by p-toluenesulfonyl chloride in basic condition to give quinine tosylate 2 as a light yellow solid [8]. Then 2

was directly oxidized to produce goal compound 1 under modified AD condition. The total yield was 66% and the

structure of 1 was confirmed by 1H NMR, 13C NMR and MS [9].
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After that, 1 was used to catalyze the AD reaction of ethyl cinnamate (Scheme 2). The reaction proceeded

smoothly; high yields and ees were obtained. Due to the polar group (hydroxyl group), 1 was insoluble in Et2O. It

could be recovered in the catalytic system. When the reaction was over, the ethyl (2R,3S)-2,3-dihydroxy-3-

phenylpropionate was extracted by Et2O. All of the ligand and part of OsO4 remained in water layer for repeated use.

The results indicated that 1 can be reused for eight runs without a significant decrease in yields and ees (Table 1). The
1H NMR and the optical purity of the product are shown in Figs. 1 and 2.

In summary, it is convenient to synthesize a new free recoverable and reusable mono-alkaloid-type ligand 1. This

ligand was also successfully recycled and reused in preparing ethyl (2R,3S)-2,3-dihydroxy-3-phenyl-propionate with

high yields and ees.

1. Experimental

1.1. Preparation of chiral mono-alkaloid-type ligand 1

Quinine tosylate 2 (2 mmol), NMO (5.2 mmol), THF (20 mL) and tBuOH (8 mL) were stirred and a solution of

OsO4 in toluene (0.094 mmol) was added dropwise at r.t. After 12 h, Na2SO3 (6 g) was added and the mixture was
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Scheme 1. Synthetic route of ligand 1. Reagents and conditions: (a) NaH, THF, reflux, 2 h, then p-toluenesulfonyl chloride, 0 8C; r.t., 10 min, reflux,

15 h, 70%; (b) OsO4, NMO, THF/tBuOH, r.t., 12 h, 95%.

Scheme 2. Reagents and conditions: OsO4, ligand 1, NMO, acetone–H2O, 25 8C.

Table 1

The repeated use of 1 to synthesize ethyl (2R,3S)-2,3-dihydroxy-3-phenylpropionate via AD reaction.a.

Run 1 2 3 4 5 6 7 8

Yield (%) 96 95 97 96 94 95 97 95

ee (%)b >99 >99 – – – – >99 >99

a The reactions were run for 6–10 h at 25 8C in acetone–H2O (1:1) with NMO as the co-oxidant.
b Determined by both optical rotation and the chiral HPLC method (Chiral OJ-H column, n-hexane/i-propanol = 90:10, 1.0 mL/min).



further stirred for 1 h. The mixture was then filtered. The filtrate was dried over anhydrous MgSO4 and concentrated in

vacuum. The residue was purified by flash column chromatography, eluting with ethyl acetate–methanol (9:1) to afford

1 (1.9 mmol) as a white solid. Yield: 95%.

1.2. Preparation of ethyl (2R,3S)-2,3-dihydroxy-3-phenylpropionate via asymmetric dihydroxylation

500 mL flask was charged with acetone–H2O (9:1, v/v) 200 mL, OsO4 (0.1 mmol) and ligand 1 (1 mmol). After

stirring for 10 min, NMO (26 mmol) was added. Ethyl cinnamate (20 mmol) was then added and the reaction mixture

was stirred vigorously to the point when no starting material was detected by TLC analysis. Acetone was then removed

under reduced pressure and the water layer was extracted with Et2O (200 mL � 2). The combined ether extracts were

dried over with anhydrous MgSO4 and evaporated to give a white solid product, which was further purified by washing
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Fig. 1. 1H NMR spectra of ethyl (2R,3S)-2,3-dihydroxy-3-phenylpropionate.

Fig. 2. (A) The HPLC spectra of racemic of ethyl -2,3-dihydroxy-3-phenylpropionate; (B) the HPLC spectra of ethyl (2R,3S)-2,3-dihydroxy-3-

phenylpropionate.



with hexane (50 mL � 3) to afford the pure diol. All of the ligand and part of OsO4 still remained in water layer for

repeated use.

Repeated use: To the water layer, acetone (180 mL), OsO4 (0.26 mL, 50% of total amount of the first run), NMO (26

mmol) and ethyl cinnamate (20 mmol) were added to regenerate the reaction. Similar work-up and purification was

repeated 8 times to give ethyl (2R,3S)-2,3-dihydroxy-3-phenylpropionate in quantitative yield.
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