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Chiral quaternary carbon stereocenters can be established with high diastereoselectivity by a silylene transfer/Ireland —Claisen rearrangement.
The utility of this method was demonstrated by application to a synthesis of ( +)-5-epi-acetomycin.

The construction of chiral molecules with all-carbon qua- facial selectivity to provide silalactone products possessing
ternary stereocenters remains a significant challenge ina quaternary carbon stereocenter (eq 1).
organic synthesitSteric repulsions develop upon bringing

four alkyl groups together, which limit the number of £Bu tBu
transformations that can be used to form these sterically o) OSi'tBu O-Si:f-Bu
congested products. Controlling the absolute stereochemistry Me/\/\o)H/\Me TZ’OCF> OMe~° “Me (4
of asymmetric quaternary carbon centers presents an even Me & mol %)’ \'"Me
further challenge. 1 95%, > 99:1 dr \

We recently reported a method for the diastereoselective

construction of quaternary carbon stereocenters (éJhjs In this paper, we describe silylene transfer/Irela@iaisen
method involves silylene transfer to e-unsaturated ester,  (a5ctions of enantiomerically pure esters to control the
providing a silyl ketene acetal with complete regio- and gpsojute configuration of compounds with quaternary carbon
stereoselectivity. When transfer to agf-unsaturated allylic  stereocenters. The utility of this methodology was demon-
ester occurs, the resulting silyl ketene acetal can undergo astrated by the synthesis of}-5-epi-acetomycirf
stereospecific IrelanéClaisen rearrangemeéiftwith high The formation of new stereocenters in the silylene transfer/
Ireland—Claisen rearrangement can be controlled by a
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likely occurred by formation of a silacarbonyl ylid&)(
which then underwent as6electrocyclization to provide
oxasilacyclopenten@(Scheme 1). This intermediate contains

Scheme 1. Controlling Quaternary Carbon Stereochemistry
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a tetrasubstituted silyl ketene acetal moiety embedded within
the ring. At ambient temperature, oxasilacyclopenténe
underwent an IrelandClaisen rearrangement to afford
silalactoner with high diastereoselectivity and the formation

The key step in our initial synthetic plan involved a silyl-
ene transfer/IrelandClaisen rearrangement with all of the
stereochemistry of the target controlled by the allylic stereo-
center (Scheme 2). Disconnection df)(5-epiacetomycin

Scheme 2. Acetomycin Retrosynthesis
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at the acetal center provides an aldehyde, which would be
formed by ozonolysis of keto acll The acetyl group of keto
acid9 could arise by oxidation of silalactord®, which could

of an all-carbon guaternary center. The Stereochemistry of be obtained from silylene transfer/Irelan@laisen rearrange-

the product can be explained by a chairlike transition state
in which the isopropyl substituent adopts an equatorial
position?

We chose to highlight the synthetic utility of the silylene
transfer/Ireland Claisen rearrangement in the enantioselec-
tive synthesis of{)-5-epracetomycin §). This compound
is an anologue of-{)-acetomycin because the two com-
pounds differ only in the configuration at the acetal stereo-
center. Acetomycin is an antibiotic that was isolated from
Streptomyces ramulosby Prelog and co-workers in 19%8.
The structure and the relative and absolute configurations
were later determined by X-ray crystallograpfy? In
addition to showing antibacterial properties, this compound
has also demonstrated in vitro antitumor activity> Several

ment of estefl1through a chairlike transition state. Because
the Ireland-Claisen rearrangement wans-allylic esterl pro-
vided compound, thecis-esterl1should provide the oppo-
site stereochemistry at the new allylic center in silalactone
1080

The silylene transfer/IrelaneClaisen rearrangement of a
cis-substitutedo,-unsaturated allylic ester was slow and
occurred with low stereoselectivity. Treatment of edtr
formed in two steps from tiglic acid, under the silylene
transfer conditions afforded an inseparable mixture of
silalactonesl4 and 15 (Scheme 3). Silalacton&5 resulted

Scheme 3. Lack of Reactivity and Diastereoselectivity

syntheses of acetomycin and its analogues have been

undertaker§:15-22
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from hydrolysis of intermediate silyl ketene acet&lbefore
the Ireland-Claisen rearrangement occurred. Upon pro-
longed standing at ambient temperature, the yield of desired

(18) Ishihara, J.; Tomita, K.; Tadano, K.-i.;
1992 57, 3789-3798.

(19) Ziegler, F. E.; Kim, H.Tetrahedron Lett1993 34, 7669-7672.

(20) Sprules, T. J.; Lavdle J.-F.J. Org. Chem1995 60, 5041-5047.

Ogawa,JS.Org. Chem.

Org. Lett, Vol. 9, No. 6, 2007



productl4did not increase. The low reactivity observed for
substratel 2 is likely the result of increased steric congestion

and developing 1,3-diaxial interactions in the transition state

for rearrangement.

An additional stereochemical problem emerged with the
initial synthetic plan. Attempts to control the stereoselectivity
of the 6 electrocyclic reaction failed. Treatment of ester
16 to the silylene transfer/IrelareClaisen rearrangement
conditions provided silalactorte? with low diastereoselec-
tivity (eq 2).
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Scheme 5. Chiral Induction and Chirality Transfer
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Silylene transfer to chiral estérfollowed by an Irelane
Claisen rearrangement established two stereocenters, includ-

The synthetic plan was revised so that the acetyl moiety ing the quaternary carbon center, with high diastereoselec-

of keto acid9 could result from the carbonyl group of
silalactone7 and the carboxylic acid moiety of ac@icould

be revealed by a carbetsilicon bond oxidation of silalactone
7 (Scheme 45325 Silalactoner could be obtained by silylene
transfer to chiral este4, as was demonstrated in Scheme 1.

Scheme 4. Redesigned Acetomycin Retrosynthesis
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The initial stereocenter of estdrwas established with
complete enantioselectivity. Addition of isopropylmagnesium
chloride to crotonaldehyde followed by kinetic resolution
provided a single enantiomer @8 (Scheme 5%¢28 Esteri-
fication with methacryloyl chloride provided,3-unsaturated
allylic ester4 in 70% yield and>99% ee.
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tivity (Scheme 5). Treatment of estéwith Cu(OTf), and
silacyclopropan@ provided an oxasilacyclopentene, which
underwent an IrelandlClaisen rearrangement in 97% yield
with no apparent erosion of enantiomeric puftyCopper
salts proved to be optimal catalysts for this transformation
because problems with product inhibition were seen upon
scale-up of the silver-catalyzed reaction.

The conversion of silalactor&to alcohol19was achieved
by nucleophilic additions to both the silicon atom and the
carbonyl group. Phenylmagnesium bromide did not add to
silalactoner, but addition of allylmagnesium chloride yielded
a carboxylic acid (Scheme 5). Reduction of this carboxylic
acid with LiAIH, afforded alcoholl9.

Diol 21 was constructed in three high-yielding steps from
alcohol19. Oxidation followed by addition of MeLi provided
alcohol20 (Scheme 6). Oxidation of the carbesilicon bond

Scheme 6. Synthesis of {)-5-epiAcetomycin
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of alcohol 20 with cumene hydroperoxide and potassium
hydride in the presence of a fluoride source afforded diol
21in 98% yield?3-25

(29) An analysis of the chirality transfer is provided in the Supporting
Information.
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The synthesis of)-5-epiacetomycin was completed in  complished in ten steps and 23% overall yield from the
three steps from did21. Stepwise oxidation of did21to a known chiral allylic alcoholl7.
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