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Summary: Highly enantioselective construction of a-hy- 
droxy ketones by the osmium-catalyzed asymmetric di- 
hydroxylation of the corresponding enol ethers has been 
achieved. 

Chiral a-hydroxy ketones are important building blocks 
for the asymmetric synthesis of natural products3 and 
medi~ines.~ Consequently, numerous studies have aimed 
at their stereoselective ~ynthesis.~ Recently, Davis et al. 

reported that a-hydroxy carbonyl compounds are ob- 
tained with good enantioselectivities by asymmetric oxi- 
dation of ketone enolates using an enantiomerically pure 
oxaziridine. In our efforts to extend the scope of the 
asymmetric dihydroxylation (AD)? we have now found 
that enol ethers are excellent substrates, giving a-hydroxy 
ketones in high enantiomeric purity. Both alkyl and silyl 
enol ethers were examined. 

Except for entries 6 and 7, all the AD experiments re- 
ported in Table I were performed on the crude El2 mix- 
ture of enol ether isomers produced by either the WohP 
or IrelandB methods. a-Hydroxy ketones were isolated in 
6&95% yields and with good to excellent enantiomeric 
excesses. As shown in Scheme I, (R)-a-hydroxy ketones 
result when AD-mix-@1° is employed and (8)-a-hydroxy 
ketones arise using AD-mix-a-.'O Comparable isolated 
yields and ee's were obtained from both AD-mixes. One 
can easily obtain the 2-rich, trisubstituted methyl enol 
ethers from aliphatic ketones, and these Z-trisubstituted 
enol ethers are expected to give high enantioselectivity in 
the AD process." Indeed, these methyl enol ethers of 
saturated ketones gave high ee's (entries 1 and 2). On the 
other hand, aryl ketones gave methyl enol ethers with 
substantial E-isomer content; nevertheless, they too gave 
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good to excellent ee's (entries 3-5). Methyl enol ethers of 
aryl alkyl ketones appear to give better ee's with a longer 
alkyl chain (cf. entries 3 and 5). Surprisingly, the E methyl 
enol ether of deoxybenzoin gave 90% ee (entry 7). 2-Rich 
silyl enol ethers of aryl alkyl and aryl aryl ketones gave 
excellent ee's (97-99 % ee) (entries 1G13). 

It is noteworthy that a poor ZIE ratio in the preparation 
of an enol ether is not necessarily damning with regard to 
the enantioselectivity realized upon AD of the El2 mix- 
ture. For example, the results in entries 3,4,5,7, and 8 
reveal that the E-isomer gives the same ketol enantiomer 
as the 2-isomer, albeit in somewhat lower ee. In fact, only 
the E-isomer of methyl enol ethers derived from saturated 
ketones (Le., entries 1 and 2) gave poor ee's.12 Fortunately, 
this particular class of enol ethers is readily produced with 
high 2-isomer content. 

Enol ethers are relatively easy to prepare and the AD 
is so simple and convenient to perform that this new ap- 
proach should in many cases offer the best route available 
to chiral a-hydroxy ketones. However, certain aspects of 
these results, especially those for aryl-substituted methyl 
enol ethers (e.g., entries 5 and 71, appear to violate our 
proposed selectivity mnemonic by placing a phenyl sub- 
stituent in the quadrant where the smallest non-hydrogen 
substituent should lie. These puzzling observations pro- 
vide ideas and impetus for our ongoing mechanistic studies 
of the AD process. 

Acknowledgment. We thank the National Institutes 
of Health (GM-28384) for financial support. We are 
grateful to Yun Gao of Sepracor Inc. for encouraging us 
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methylsi1oxy)-l-propene (entry 11) (0.278 g, 1 mmol). The reaction 
mixture was stirred for 16 h at 0 'C. Solid sodium sulfite (1 g) was added 
and the mixture was stirred for an additional hour. Methylene chloride 
(30 mL) was added to the reaction mixture and after separation of the 
layers, the aqueous phase (lower layer) was further extracted with CHzClz 
(30 mL). The combined organic extracts were dried over anhydrous 
magnesium sulfate and concentrated to give an oil, which was purified 
by flash chromatography to afford pure (R)-2-hydroxy-l-(4-methoxy- 
pheny1)propanone as a colorless oil (0.172 g, 94%). This ketol was fully 
characterized by 'H NMR, IR, and HRMS. The ee was determined to 
be 99% by HPLC (Daicel Chiralcel OB); [a]=D +32.8' (c 1.36, MeOH). 
Tsuchihashi; et al. [Bull. Chem. SOC. Jpn. 1987,60,1027] reported [aI2OD 
-33.4' (c 1.05, MeOH) for the S-isomer. 
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Table I. Enantiomeric Excess (I ee) of the a-Hydroxy Ketones Resulting from Catalytic ABymmetric Dihydroxylation (AD) 
of Enol Ethers 
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Assignments of E- and 2-isomers of enol ethers were made by 'H NMR,' and the El2 ratio was also determined by 'H NMR analysis. 
Absolute configurations were determined by 

comparison of optical rotations with literature values. Absolute configurations were not determined in these cases. They are tentatively 
assigned by (1) analogy to the sign of the rotation for similar ketols of known configuration, (2) and adhering to the AD face selection rule. 
'The pure 2-isomer was obtained by crystallization. /The pure E-isomer was obtained by flash chromatography on silica. 

Enantiomeric excesses were determined by HPLC analysis (see supplementary material). 

to undertake this study based on his own successful results 
in the AD of enol ethers at Sepracor. 

Supplementary Material Available: General experimental 
procedures for the preparation of methyl enol ethers and for the 
AD of enol ethers, as well as spectral data for starting materials 

and products, details for determination of enantiomeric excesses 
and absolute configurations of a-hydroxy ketones (5 pages). This 
material is contained in many libraries on microfiche, immediately 
follows this article in the microfilm version of the journal, and 
can be ordered from the ACS see any current masthead page for 
ordering information. 


