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Catalyzed Epoxidation of Olefins with Hydrogen Peroxide
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Abstmet:Methyltrioxorhenium-cataly.zedom”dationof olefinswiihhydrogenperoxidein thzpresence
ofbipyridineN,N’-dioxi&gaveepoxidesinhighyiefds,withnosignofforrnationofhydrolyzeddiols.
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The epoxidation reaction is an important transformationof olefins, because epoxides are versatile
electrophilic intermediates in organic synthesis. The use of transition metal complexes as the epoxidation
catalystis of particular interest,l due to their abilityto activateoxidantssuchas moleeularoxygenzand H2023
which are environmentallybenign. Methyltrioxorhenium(MTO)is rapidly emerging as a versatile catalyst,
which is capable of oxidation of various functional groups in combination with H202 in high turnover
numbers.’f In spite of its high potentiality as an epoxidationcatalyst,5 MTO has not been employed as a
synthetictool becauseof the acidityof the MTO-H202complex,sbwhichhydrolyzesthe producedepoxideto
give a diol.6 In this context, Herrmann and his coworkershave reported that addition of tertiary amines
suppressesthe epoxide ring-openingprocess albeit the catalyst activity is also diminished.s Quite recently,
Sharplessand his coworkershavereportedthat additionof 10-12mol % of pyridinederivativesto 0.5 mol % of
MTO suppresses the ring-openingwithout retardingthe reaction rate.7 Herein we wish to report a mild and
efficientmethodfor MTO-catalyzedepoxidation,in whichbipyridineN,N’-dioxidehas provento be the Iigand
ofchoicefor suppressingtheacidityof theMTO-H202complexwithoutdetrimentaleffecton catalystactivity.

At the outset, we employed a bipyridinederivativeas a ligand to suppress the ring-openingin MTO-
catalyzedepoxidationof stilbene. In accordwith the observationsof Herrmarm,additionof bipyridine(1.2mol
%) to MTO (1.0 mol %) did suppressthe ring-openingto affordepoxidein 70% yield whereas the yield was
less than 20% without the additive. However,we were surprisedto find that bipyridinewas oxidized to give
bipyridineN,N’-dioxidein quantitativeyield at 20%conversionof stilbene.8 Thus, we were intriguedby the
feasibilityof bipyridineN,N’-dioxideas a ligand for this epoxidation. Indeed,we were delighted to find that
MTO (1.0 mol %)-mediated epoxidation of stilbene with 30% aqueous H202 (1.5 eq) in the presence of
bipyridineN,N’-dioxide(1.2 mol %) in CH2C12at rt proceededsmoothlyto give 90% yield of stilbene oxide,
with no sign of formation of hydrobenzoin, The result suggests that the real active species responsible for
suppressionof the acidity of the MTO-H202complexis probablynot bipyridineitself but bipyridineN,N’-
dioxide,thoughits role is presentlynot clear.9 Fortunately,suppressionof catalystactivitywas not observedin
the presence of bipyridineN,N’-dioxide. In starkcontrast, otherN-oxides such as isoquinolineN-oxide or
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Table 1.MTO-CatalyzedEpoxidationwithH202in the Presenceof 2,2’-BipyridineN,N’-Dioxide.a

Olefin Conditions Yield,b% Olefin Conditions Yield,b%

Ph~ph rt, 24 h 90C Ph+ rt, 12h 99
(E:Z=>99:<1) 40 ‘C, 5 h 88’

C14H29+
Ph Ph rt, 24 h 91

w rt, 24 h 95d

(E :Z=3:97) PhM rt, 24 h 85

C7H15 @C6H12C02Me 46 OC q h ;;:rt 24 h

(E:Z=>99: <1) :)’”@
o

rt, 24 h 9@

C7H1tiC6H12C02Me rt, 24 h 85’

(E:Z=l :99)

00 &

rt, 12h 94h

rt, 2 h 80 AcO ‘

aReactioncondition:Cmbka,e= 1moUL,1.0mol%MTO,1.2mol% bipyridineN,N’-dioxide,1.5w 30%aqueousHZOZ
CH2C12.kiatedyield. ccis+poxide: rrans-epoxide=<l:>99. ‘cis-Epoxide:rrans-epoxide=97:3. ‘cis-Epoxide:rrans-
epoxide=99:l.f3MHz02in‘BuOHwasemployed.AqueousHz02gavestyreneoxide(70%)atongwittrcorrespondingdiol
(20%).‘7,8-Epoxidewasformedasa 1:1mixtumofdiastereomers.‘a-Epoxide:&epoxide=4:1

pyridineN-oxidewere less effective (31%and 21%yields,respectively),whichdemonstratesthat two oxygen
atomsof bidentatedioxidearecrucialfor thesuccess.

Epoxidationsof various patterns of olefins with the present method are summarized in Table 1. As is
evidentfrom the data, the epoxidationemployingbipyridineN,N’-dioxideas a ligand gives goodto high yields
ofepoxidesfrom mono-,di-, tri- and tetrasubstitutedolefins. Particularlynoteworthyis that monosubstituted
olefiis, exceptfor styrene,are uneventfullyoxidizedto giveepoxidesin high yields,since it is documentedthat
MTO-catalyzedepoxidationof theseolefinsremainsa majorchallenge.7bFurthermore,epoxidationof styrene
wasfoundto give styreneoxidein 95% yieldby employing3 M H202in tert-butylalcohol insteadof aqueous
H202as an oxidant;the homogeneousconditionsgavevirtuallyidenticalresultswithotherolefins.

In summary,we have developeda highlyefficientmethodforMTO-catalyzedepoxidationof olefinswith
H202 by exploiting bipyridine N,N’-dioxideas a ligand. Further studies on a catalytic, enantioselective
epoxidationacecurrentlyin progress.10
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