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Glyoxylate-enereactions produce ct-hydroxylesters which are a class of compounds of synthetic and

biologicalimportance.The reactions take place at high temperatureor are catalyzedby Lewis acids’ . SeveralLewis

acid catalysts such as TiCldand SnC142have been developed.Nevertheless,these catalysts are somewhatsensitive

air and moisture, and therefore require carefid handling,preparationand /or storage. Furthermore,they can

recoveredafier the reaction is completed.Recentlyimpressiveprogresshas beenmade in the applicationof kuttharride

reagents to organic synthesis. It was reported that lmtthanidetrifluoro-methmtestrlfonates(lsnthanidetriflates) were

quite effective as water-stable catalysts in many fundamentalreactions includingDiels-Alder4, Michael Additions,

methsnolysis of methoxyacetatesb, ring opening of epoxides’ and Friedel-Crafts acylations8 . However, the

Glyoxylate-Enereaction catalyzed by Ln(OTf)J.hasso far not been reported in the literature to our knowledge.This

paperdescribesthe ene reactionof glyoxylateswithalkenescatalyzedby Isnthanidetriflates.

Lanthanidetriflates were foundto act quite well as reusablecatalysts in the ene reaction of glyoxylateswith

alkenesin the mildconditions. Screeningof a series of lanthanide(III)triflate catalystsfor the modelreactionof ethyl

glyoxylatewith a-methyl styrene revealed that some heavy and light -lanthrtnide(III)triflates such as La(OTf)3,

Yb(OTf)J and Y(OTf)J were superior to middle-lantbartide(III)triflates. In addition, Ianthsnide trichlorides and

lanthanide(III)alkoxides could not promote the reaction. We selected Yb(OT~J as an economical catalyst and

examinedthe effect of the solventson the yield of productin the modelreaction.Amongthe solventsexamined,polar

solvents such as tetrnhydrofuran,dichloromethsneand acetonitrileare more beneficial to promotethe reaction than

nonpolarsolventssuchas toluene.Acetonitrileis the best appropriatesolvent.

6721



6722

Tablel. Preparation of a-Hydroxyl Esters by the Reaction of Glyoxylatea with AlkeneaCatalyzedby Yb@l’t)3
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Severalexamplesof the ene reactionsof glyoxylateswithvariousalkenesare listed in Table 1. In everyease,

the reactionssmoothlyproceededin the presenceof a catalyticamountof ytterbiumtriflate(20mol%)underextremely

mild conditionsto give the correspondinga-hydroxylesters in goodyields after usual work Yb(OTf)3could be

recoveredand reused. It is noteworthyto refer that the yield of 2nd run of catalyst wasalmost comparableto that of

Ist run ( entry 2 in Tablel ). To our knowledge,the presentreactionis a first exampleof the Ianthrmide+atalyzedene

reactionof glyoxylateswith alkenes.

The reaction betweena diene, such as isoprene,and a glyoxylatecan lead to the formationof boththe hetero

DA product and the ene product. TO our knowledge,the reaction always mainly produces ene products under the

influenceof traditionalLewis acids such as TiC&and SnC~ 10,furthermore,in the literatureno catalyst has yet been

able to changethe reaction course to improvethe amountof heteroDA productrelativeto the ene productformed.So

the chemoselectivityof the reaction of glyoxylateswith a diene in the presenceof Yb(OTf)sis very interesting.The

reactionresults are shown in Table 2. BothEne product~d DA productwere obtainedat the same time, moreover,

the ratio of ene and DA products stronglydependedon the used solvents.Acetonitrile led to a high degree of DA

selectivity.In sharp contraa~dichlorometlme broughtabout a great degree of ene selectivity.Here, it seems that a

highdegreeof DA selectivityWS.$first realised in the reactionof glyoxylateswith isopreneby usingYb(OTf)Jcatalyst

in acetonitrile.In the meantimeene productscouldalsobeen obtainedmainlyin dichloromethane.
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Table2. Reaction Results of Glyoxylatea and Icoprene

R Solvent ProductRatio Yield(%) R Solvent ProductRatio Yield(%)

Me CHZCIZ 5a16a30170 69 Pf CH2C12 5c16c25175 81

Me CHJCN 5a16a65135 73 N CH@ 5c/6c69/31 88

Et CHZCIZ 5b16b33167 78 Bun CHZCIZ 5d16d31/69 75

Et CHJCN 5b/6b71/29 85 Bun CH3CN 5d/6d78122 87

Finallywe still wish to describe an initial attemptof the asymmetricglyoxylate-enereactioncatalyzedby the

chiral ytterbium complexes prepared in situ from Yb@Tf)3 and optically pure binaphthol or its derivatives in

dichloromethane” as exemplifiedin eq 1( Table3 ).

Chiral Yb Catalyst(20mol%)
ph~ + H~cocH~p#&)2cI+3 ‘eql)

a 29 *

%

R00 H C r
Y + — C C

, 00 H ~:R=c-,M%A R C

s

Table3 Asymmetric Glyos@ate-Ene Reaction CatalyA by Chiral Yb triflate.

Catalyst Yield (%)’ O.P ? config.)b Catalyst Yield(%)’ O.P% ( config)b

A 82 12 c 87 25 (S)

B 78 38 (S) D 83 29(S)

a Isolatedyield. b Opticalyieldsandabsoluteconfigurationsdctcrmirwdbythe comparisonofthe specific

r value,see ref 12.

Initial results reveal that asymmetricsynthesishas been achievedby the four chiral ytterbiumcatalysts. 6,6’-

Substituentaof optically pure binaphthols had obvious effect on the enantioselectivity.Bromo groups led to the

highestenantioselectivityexcess ( 38% ee ) whichwas 2 more than that ( 12%ee) producedby simpleoptically

p b F i on the catalyticasymmetricglyoxylate-enereactionis nowin progress.

In summary,we find Yb(OTf)Jis an excellentcatalyst for the reactionof glyoxylateswith alkenesundermild

conditions,which providesa-hydroxyl esters of syntheticand biologicalimportancein good to excellentyields after

chromatographicpurification.A real advantageof the procedureis the simplicityand robustnessof the reaction:the

catalyst is air stable, recoverable and reusable with no loss of yield. For the reaction of glyoxylateswith isoprene,

CHZCIZbenefits to enhance ene selectivity and CH3CNis superior to DA selectivity. Chiral ytterbium complex
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reactionof methylglyoxylatewith et-methylstyrene.
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