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Abstract: A tticyclic meso 1,2-enediol bis(trimethylsilyl) ether having an endo-
tricyclo[4.2.1.02s]nonenefmmeworkhas beenasymmetricallydesyrnmetrizedby protonationwith a
complexgeneratedbm (S)-BINOLmonoisopropylether(BINOL-W)andtin tetmachlorideto give the
opticallyenrichedacyloinin 90%ee. Thechirafscylointhusobtainedhas beentransformedinto two
versatilechid buildingblocks,(–)-ketodicyclopentadieneand(–)-ketooicyclononene,in opticallypute
formsvia a sequenceinvolvingconcurrentenzymaticacetylationandopticalpurification.
0 1997ElsevierScienceLtd.

optically active 3-oxotricyclo[5.2.l .02’b]deca-4,8-diene(ketodicyclopentadiene)’ 1 and 3-
oxotricyclo[4.2.1.02’s]non-7-ene(ketotricyclononene)z2 are both useful chiral building blocks for the
constructionof a varietyof opticallyactivemolecules. Syntheticeffortsare, therefore,cummtlyaimedat the
developmentofeftlcientconstructionof thesemoleculesin opticallypure forms.’” Hereinwe reporta unified
routeto thesetwochiralbuildingblocksstartingfromthemdily accessiblerneso1,2-enediolbis(trimethylsilyl)
ethe~ 3 by enantioselectiveprotonationwith a complexof ($-binaphthol (BINOL)monoalkylether and tin
tetrachloride,originallydevelopedfortheasymmetricprotonationof prochiralsilyl enolethersand ketenebis-
silyl acetalsby Yamamotoand co-workers,4as the key step (Scheme1).

By followingthe Yamamoto procedure~”we first treatedthe bis-silylether3 with a complexgenerated

from($-BINOL 4a (1.2equiv.)andtin tetrachloride(1.2equiv.)in tolueneat –78 “C. ‘f?teexpcted twwtion
tookplaceto givetheopticallyactiveacyloin(-)-5 in 88%yield. However,theopticalyieldof theproductwas
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found to be 9% ee which was determinedby hplc using a chid column (CHIRALCELOD, 5% ~OH-
hexane). Sincean improvedprocedureusing BINOLmonomethylether(BINOL-Me)4b in placeof BINOL
4a was laterdisclosed by the same group,4bwe next examinedthe reactionusing (S)-BINOL-Me4b (1.2
equiv.)in place.of (S)-BINOL4a whichnxdted in generationof theopticallyactiveacyloin(–)-5in 86%yield
withmuchbetteropticalyieldof 72% ee (CHIRALCELOD, 5% P~OH-hexane).Applicationof the catalytic
conditionsestablishedby the same group4busing a catalyticamount(10 mol%) of BINOL-Me4b in the
presenceof tin tetrachlonde(0.08equiv.)and2,6-dimethylphenol(1.1 equiv.) also transformedthe meso bis-
silylether3 intotheacyloin5, excellently,buttheproducthadnoopticalactivity.

In order to improve the enantioselectivity,we examinedthe pmtonationreactionusing (S)-BINOL
monoisopropylethe~’c(BINOL-P~)4C havinga bulkieralkyl group and obtainedan 80% yield from (S)-
BINOL4a and2-propanol(3.0equiv.)by theMitsunobunmction’in the presenceof triphenylphosphine(1.0
equiv.) and diethylazodicarboxylate(1.0 equiv.). Tbus, the meso bis-silylether 3 was addedto a stirred
solutionof (S)-BINOL-Prl4c (1.2equiv.)andtin tetrachloride(1.2equiv.)in tolueneat –78 W and, after3 h
at the same temperature,the mixturewas quenchedby additionof 2% hydrochloricacidto give the optically
activeacyloin(-)-5 in 87% yield. The opticalyieldof the acyloin(–)-5 was foundto be 90% ee whichwas
determinedby hplc(CHfRALCELOD,5% P?OH-hexane).(S)-BINOL-~ 4Cusedwasrecoveredexcellently
from the mmctionmixtu~ without losing the originrdintegrity(>99% ee: CHIRALCELOD, 2% P~OH-
hexane). However,theopticrdlyactiveacyloin5 was not generatedunderthe catalyticuse of (S)-BINOL-~
(10 mol%)in the pm.senceof tin tetracbloride(0.08 equiv.) and 2,6-dimethylphenol(1.1 equiv.)’b(Scheme
2).
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Havingfoundthe goodconditionsforthe transformationof the meso 1,2-enediolbis-silylether3 into the
opticallyenrichedacyloin(–)-5 in high enantioselectivity,we next examinedits conversioninto the known

cbiral building blocks ketodicyclopentadiene’1 and ketotricyclononenez2 to determine its absolute
configumtionand to exploreits utility. To obtainopticallyenrichedketodicyclopentadiene1, the optically
enriched acyloin (–)-5 (909’o ee) was exposed to an excess amount of methylmagnesiumiodide in
tetrahydrofuran(THF)to give the diol6 excellentlyas a singleepimerwhich was oxidativelycleavedwith
aqueoussodiumperiodate.The resultingcrudeketo-aldehyde7 was immediatelytinted with0.5 N aqueous
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sodiumhydroxideto initiateintramolecularaldolizatiorf’to furnishopticallyenrichedketodicyclopentadiene(-)-
1 in 60% overallyieldfrom (-)-5. Theabsoluteconfigurationof the productas well as that of the starting
acyloin(–)-5 was determinedat this stageas shownas the absolutestructureof (–)-1 has been established.’
However,theopticalpurityof the product,whichwasdeterminedby hplcusinga chiralcolumn(CHIRALCEL
OB, 10%Pr’OH-hexane),was found to be less than 60% ee indicatingthat considerableracemizationtook
place during the reactionsequence, presumablyin the Grignardaddition. We, therefore,blockedthe free
hydroxyfunctionalityof the acyloin(–)-5 by acetylationprior to the Grignardreactionso as to preventmetal
rdkoxide formation as well as to cany out the ttductive elimination’for the p~paration of cbiral
ketotricyclononenebuildingblock 2. Becausethe basic conditionsrequiredfor acetylationinduced some
racemization,9anenzymatictransesterificationprocedure’”’”wasappliedto theopticallyenrichedacyloin(–)-5
in an organicsolventunderneutralconditions.Thus,when(–)-5having90%ee was stirredwith vinylacetate
(1.2equiv.)in THFin the presenceof lipasePS (Pseudomonas sp., Amano)at roomtemperahuefor 14 h, a
neat reaction occurmi to give the eruio-acetate(–)-8 stereoselectivelyin 90% yield with >99% ee

(CHIRALCELOD, 5% Pr’OH-hexane)leavinga negligibleamountof the umucted acyloin5. Fortunately,
the enzymaticreactionallowed not only mild acetylation,but also optical purificationby enantioselective
discriminationwhichleft (+)-5uncbanged.’zGrignardreactionof theopticallypureacetate(–)-8thus obtained
affordedthe diol 6 which, on sequentialcleavageand intramolecularaldolizationas above, furnishedthe
ketodicyclopentadiene(–)-1 in 60% overall yield with >99% ee (CHIRALCELOB, 10% P~OH-hexane)
withoutracemization.”

On the otherhand, the opticallypureacetate(–)-8 wx Rflwed with zincdust in aceticacid’to initiate
reductiveeliminationof the acetoxyfunctionalitywhichaffordedthe opticallypurvketotricyclononenez(-)-2,
in 5170yield,whoseabsoluteconfigurationhasbeendeterrnined.zOpticalpurityof (-)-2 wasdeterminedto be
>99% ee by hplc (CHIRALCELOD, 2% P?OH-hexane)after transformationinto the eruzb-benzoate9 via
sequentialreductionand benzoylation2(Scheme3).
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In summary, the tricyclic meso 1,2-enediol bis(trimethylsilyl) ether having an endo-
tricyclo[4.2.1.Oz’s]nonaneframeworkhas beenasymmetricallydesymmetrizedby enantioselectiveprotonation

at best with a complexgeneratedfrom (S)-BINOLmcmoisopropylether (BINOL-PI’)and tin tetrachlorideto
give the opticallyenrichedtricyclicacyloinin good yieldwith 907. ee. The opticallyenrichedproductthus
obtained was then transformed into two useful chiral buildings, (–)-ketodicyclopentadieneand (-)-
ketotricyclononene,in opticallypu~ forms via a sequence of reactions involvingconcummt enzymatic
acetylationandopticaipurification.
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