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Rhodium-catalyzed oxygen transfer was used to generate benzyl 2-silyl-2-oxoacetates in good yields. The hydrogenation of these compounds
led to chiral a-silyl-substituted o-hydroxyacetic acids. Resolution by means of HPLC using a chiral stationary phase afforded an enantiomerically
pure representative of this class of compounds, which was successfully applied as a chiral ligand in an asymmetric aldol-type reaction.

Chiral a-hydroxyacids are important components of natural successful implementation of these compounds as ligands
products and may be incorporated as diversely modified in asymmetric catalysis.

building blocks in asymmetric synthedidn past years,

numerous effective methods have been developed in order R R

to obtain enantiomerically pure-hydroxyacids. In this

communication we describe the synthesis and structure of

a-silyl-substitutedx-hydroxyacetic acid4® and illustrate the
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The benzyl 2-silyl-2-oxoacetates play a major role in
the synthesis of. In general, various practical routes leading
to a-ketoesters are known, including the ozonolysis of
alkyneg?and diazocompounéfsor the oxidation of the latter

N. Tetrahedron Lett1996,37, 1863. (j) Kirschning, A.; Dréger, G.; Jung,
A. Angew. Chem1997,109, 253;Angew. Chemint. Ed. Engl. 1997,36,
253. (k) Chang, J.-W.; Jang, D.-P.; Uang, B.-J.; Liao, F.-L.; Wang, S.-L.
Org. Lett.1999,1, 2061.

(3) To the best of our knowledge, only one other compound of this class
has been reported before. However, in contrast to our work, this derivative
had a quartenarg-carbon bearing an additional methyl group at C2, and
it was obtained via an entirely different synthetic route (alkyne oxidation).
Murray, R. W.; Singh, M.; Rath, N. FActa Crystallogr., Sect. @996,52,
1282.
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substrates using MCPBAor dioxiranes. Furthermore,
photooxidative reactions have also been descrit@atalytic

on charcoal. To our surprise, this reaction led to the formation
of the novela-triorganylsilyl-a-hydroxyacetic acid4 (Table

variants are particularly attractive and are gaining attention 2) in up to 89% yield. This result was unexpected, since

due to their unusual chemoselectivityOn this basis, we

chose the rhodium-catalyzed reaction of benzyl 2-silyl-2- || NG

diazoacetate8® with propylene oxidet®2to prepare2. The
benzyl 2-silyl-2-oxoacetatéswere obtained in good yields,
and the best results were found flp and2c (up to 95%,
Table 1). In contrast3e proved inert to these reaction

Table 1. Synthesis of Benzyl 2-Silyl-2-oxoacetat2s

entry diazoester R1/2 R3 product yield (%)

1 3a Me Me 2a 82
2 3b Et Et 2b 89
3 3c Me tBu 2c 95
4 3d Me Thex 5 91
5 3e iPr iPr

6 3f Me Ph 3f 85
7 39 Ph Me 29 88
8 3h Ph Ph 2h 81

Table 2. Synthesis ofx-Triorganylsilyl-a-hydroxyacetic Acids
1

R1 H1
R2_} Ho, Pd/C R31
Si__CO,Bn Si CO-H
RN TEoAer REOYT
(o) OH
2 1
entry 2 product yield (%)
1 a la 78
2 b 1b 85
3 c 1c 89
4 f 6f 67

prior work involving hydrogenation odi-ketobenzyl esters
resulted in debenzylation with formation of the corresponding
o-ketoacids-! In the case of the dimethylphenylsilyl deriva-

conditions, most probably because of steric hindrance, andtive 2f, the reaction behavior was even completely reversed,
such that the benzyl estéf was obtained solely via reduction

of the a-keto group.

An X-ray crystal structure analysis confirmed the constitu-
tion of the racemi@-silyl-substitutedu-hydroxyacetic acid
1c (Figure 1)!2 The Si—C1 bond 1.927(2) A imac-1cis

the diazocompoun@d underwent an intramolecular-H
insertion reaction to form silacyclobutafe?®

Scheme 1
R1

2
R;'SA COLBn 8 [Rha(OAC)4] (2 mol%) \
R I\ﬂ‘/ + toluene 40°C
2

3 4
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2 CO.Bn OH
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Next, we studied the palladium-catalyzed reduction of the

silylketoesters2 using molecular hydrogen and palladium
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Commun2000, 437. (b) An excellent overview of silyl-substituted carbenes
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Figure 1. Molecular crystal structure gic-1c. Selected distances
[A] and angles [deg]: StC1 1.927(2), O+C1 1.427(3), C2C1
1.492(3), C2—02 1.209(3), G203 1.320(3); C2C1—-Si 114.67-
(15), 01—-C1-Si 109.75(15), 01-C1—C2 111.5(2), C5—-Si—C1
112.58(12), C4Si—C3 110.14(19), C3Si—C5 111.04(15), C4
Si—C5 110.80(16).

significantly longer than those between the silicon atom and
C3[1.861(3) A], C4[1.863(3) A], and C5 [1.893(3) A]; the

last three lengths fall within the range that is considered
average for a bond between a four-coordinate Si atom and

(112) Hilbert, J. M.; Fedor, LJ. Org. Chem1978,43, 452.
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an sp-hybridized carbon atom [1.863(24) AJ.Analogous between benzaldehydg& and silylketeneketal8 in the
observations were made in the case of the crystal structurepresence of 10 mol %H)-1a and a borane—THF complex
of a comparably protected-amino acic? was chosen to test this hypothesis (Schem¥ Running
The study was further extended in order to resolve racemic
lainto its enantiomers. However, this was initially unsuc-

cessful, and the first enantiomerically purdriorganylsilyl- Scheme 3
a-hydroxyacetic acid was finally obtained via a three-step 1. (+)1a (10 mol%),
strategy (Scheme 2). First-ketoester?a was reduced to F)h_</o SMe,  BHa*THF (10mol%), OH
+ >=(D propionitrile, =78 °C, 3 h P Ot
H OFEt 2. hydrolysis and work-up
| 7 8 (99
Scheme 2
Me3S'\[(COZBn 12 '::z:i‘z;::’;:aﬁon Me3Si._ _CO,H the reaction Wi_th an in s_itu generateq (_JAB-tﬁ_/beatalyst _
5 by preparative HPLC OH show_ed a considerably high asymmetric induction, producing
’a (Chiralcel OD) (+)-18 (S)-9in 86% e€'8
8. Ha, Pd/C This result opens up the possibility of using chiral
o-triorganosilylo-hydroxyacids in other catalytic reactions,
and extending their scope as a new class of ligahds.
a-hydroxybenzyl esterac-6ausing sodium borohydride in In conclusion, we have synthesized the nowuesilyl-
THF at 0°C, and second, the enantiomers of the latter substitutedx-hydroxyacetic acids and proved their structure
compound were separated using preparative HP{XDere- by means of X-ray crystallography. Moreover, the synthetic
after, a palladium-catalyzed hydrogenolytic debenzylation of utility of these compounds as ligands in asymmetric catalysis
the (+)-enantiomer o6a afforded (+)-1ain 76% yield** has been illustrated. Further applications are currently

Next, we were interested in determining whether the underway and will be reported in due course.
a-silylated a-hydroxyacetic acids could be used as chiral
ligands in asymmetric catalysis. The aldol-type reaction Acknowledgment. We are grateful to the Deutsche
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(13) . H. Allen, F. H.: Kennard, O.: Watson, D. G.; Brammer, L.: Orpen, c€dures and full characterizatioti(and**C NMR data, MS,

A. G.; Taylor, R.J. Chem. Soc., Perkin Trans.1®87, S1. IR, and CHN analyses) for all new compounds. This material

(14) HPLC separation. Analytic: Chiralpak AS (Daicel); 4.6 mn250 ; ; ; .
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(15) (a) Synthesis of rac-2-tert-Butyldimethylsilyl-2-hydroxyacetic
Acid (1c). To a stirring and degassed solution 3xf (580 mg, 2 mmd) (16) For current overviews of this field, see: (a) Nelson, S. G.
and propylene oxide (2 mL) in dry toluene (10 mL) at rt was added{Rh  Tetrahedron: Asymmet3Q98 9, 357. (b) Carreira, E. M. I€omprehen-
(OAc)4] (18 mg, 0.04 mmol, 2 mol %). The reaction mixture was heated to sive Asymmetric Catalysis; Jacobsen, E. N., A. Pfaltz, A., H. Yamamoto,
40 °C and was left stirring at this temperature for 48 h. After the mixture H., Eds.; Springer: Berlin, 1999; Vol. 3, p 998.
cooled to room temperature, the solvent was removed in vacuo, and the (17) CAB stands for “chiral acyloxyborane” and describes catalysts that
crude silylketoester was purified by flash chromatography on silica gel (25:1 are synthesized from boranes with chiral carboxylic acids (4aydroxy-
petroleum ether/ethyl acetate) to give 524 mg (95%2oas yellow oil. and o-amino acids). For examples, see: (a) Takasu, M.; Yamamoto, H.
To a solution of2c (276 mg, 1 mmol) in ethyl acetate (5 mL) was added Synlett1990, 194. (b) Sartor, D.; Saffrich, J.; Helmchen,Synlett1990,
10% Pd/C (10 mg), and the reaction mixture was stirred at room temperature 197. (c) Ishihara, K.; Kondo, S.; Yamamoto, H.Org. Chem2000, 65,
for 5 h in thepresence of a blanket of hydrogen. After filtration, the solvent 9125 and references therein.
was removed in vacuo, and purification via flash chromatography on silica  (18) Standard protocol for Aldol-Type Reaction. To the hydroxyacetic
gel (3:1 petroleum ether/ethyl acetate) afforded 169 mg (8@#)lcas a acid (+)-1a(0.1 mmol, 14.8 mg, 0.1 equiv) in propionitrile (1.5 mL) was
white solid, mp 103102 (petroleum ether/ethyl acetate). The molecular added BH-THF (100uL of 1 M solution in THF, 0.1 mmol, 0.1 equiv).
structure ofrac-1c in the solid state was confirmed by X-ray crystal The solution was heated fd h at 45°C and then cooled te-78 °C.
structural analysi& (b) Synthesis of ¢+)-2-Trimethylsilyl-2-hydroxyacetic Silylketeneketal8 (126 uL, 125 mg, 1.2 mmol, 1.2 equiv) was added,
Acid [(+)-1a]. To a stirring and degassed solution2af (472 mg, 2 mmol) followed by benzaldehyde (106 mg, 1.0 mmol, 1.0 equiv) in propionitrile
under argon in dry THF (5 mL) was added NaB&t 0 °C (40 mg, 1.1 (1 mL) using a syringe pump over 3 h. The reaction mixture was stirred
mmol). The reaction mixture was stirred for anatBé atroom temperature for another 1 h at-78 °C after the addition was complete and then added
after the addition was complete. After the solvent was removed in vacuo, to Sérensen buffer (pH 7) at®. After the standard purification procedure,
dichloromethane (10 mL) was added to the residue, and the solution wasthe silyl ether was hydrolyzed to the correspondirgydroxyester by using
washed with 3% HCI (20 mL). The organic layer was separated and dried 1 N HCI in THF (5 mL). Flash chromatography on silica gel (3:7 ether/
over anhydrous MgSg before the solvent was removed in vacuo. The pentane) afforded 204 mg (92%) @)(9. The enantiomer ratio 8fwas
pure product was isolated via flash chromatography on silica gel (10:1 determined by HPLC using a chiral column (Chiralcel-OD; 0.5 mL/min;
petroleum ether/ethyl acetate) to provide 228 mg (48%) of the hydroxyacetic 95:5 hexane/2-propandk (R)-930 min (minor),tr (S)-935 min (major).

benzyl esteiba as a colorless oil. The enantiomersGz were separated (19) Recently, it has been shown thathydroxyacids with bulky

via preparative HPLG? The (+)-enantiomer odbawas hydrogenolytically substituents may be successfully used as chiral ligands in the enantioselective
debenzylated to the hydroxyacetic acid (+){U&% yield) by means of addition of diethylzinc to benzaldehyde, achieving good ee’s. Bauer, T.;
Pd/C catalysis. Tarasiuk, JTetrahedron Lett2002,43, 687.
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