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Moisture Stable Dialkylimidazolium Salts as Heterogeneous and

Homogeneous Lewis Acids in the Diels-Alder Reaction
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Ahsfract: Moisturestable dialkylimidazolirnnsatts actasheterogeneous mrdhomogeneousLewis acid catatysts
in the Diels-Atderreactionof both crotonatdehydeand merhacroleinwidt cyclopentadieneat low temperatures.
The hetemgenemrssystematlows the catalystsobe efficientlyrecycled.O 1997Elsevier Science Ltd.

In our searchfor new classesof homochiralLewisacidswe havecarriedout a preliminaryinvestigation

intothe Lewisacidactivityof moisturestabledialkylimidazoliumsalts (RzIm+X-). Thesesaltsoftenbehaveas

ionic liquidsor are solidswith very low meltingpoints and are an unconventionaland interestingclass of

compounds. Althoughthere has beena greatdealof interestin ionicliquids,a surveyof the literatureshows

that to date the overwhelmingmajorityof publicationsconcerningthese compoundsdeal with the physical

properties of these systems, such as conductivity and stability.2 There are a few recent publications

concerningtheir use in polymerisationand hydrogenationcatalysis,3’4howeverthe ionicliquidsused in these

reactionsare generallymoisturesensitiveand as suchwillhavea limiteduse. We are interestedin the water

stable salts such as the dialkylirnidazolitrmbromidesand trifluoroacetatesas Lewis acid catalysts, as these

mighthave a wide appeal in synthesis. We are also interestedin usingthe dialkylimidazolittmcation as the

Lewisacid centre rather than usingthese ionic liquidsas solventsfor Lewisacids or other reactivespecies

whichhas alwaysbeenthecaseto date.

=@> <“@”B>=-
1 X = Br,2 X = CF,COO
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In thiscommunicationwe demonstratethat dialkylirnidazoliumsaltsmaybe usedas Lewisacidsand that

oneof theseLewisacidsis reusableunderheterogeneouscatalysisconditions.

We investigatedthe Lewisacidityof threedialkylirnidazoliumsalts,compounds1 to 3, in the Diels-Alder

reaction between crotonaldehyde 4 or methacrolein 5 with cyclopentadiene6, Scheme 1. The

diethylirnidazoliumbromide1 was producedin a Ield of 46% and the diethylimidazoliumtrifluoroacetate2

wasproducedin 8970yieldfrom1 on additionof silvertrifluoroacetateto an aqueoussolutionof 1 following

the methodof Harlowet aL5 Theuse of theseparticularDieIs-Alderreactionsallowscomparisonsto be made

withotherworkin theLewisacidarea.

endo exo

4 RI = H, R2= Me 6 7 R’ = H, R2= Me

5 Ri = Me,Rz= H 8 R’ = Me, R’ = H

Scheme 1

Thedialkylimidazoliumsalts,1,2 or 36(0.2equivalents)werestirredindichloromethanefor 48hwiththe

dienophile4 or 5 (1.0 equivalent)and the diene(5.0equivalents),at -25 “C,undernitrogen. Ml six reactions

producedthe desiredproducts7 or 8 (endoandexe) in yieldsbetween35 and40%. Theendo:exoselectivities

for the crotonaldehyddcyclopentadienereactions were always greater than 90:10 and those for the

methacroleidcyclopentadienereactionswere alwaysgreater than 15:85(endo:exoratios were determinedby

proton NMR from the integrationratios of the aldehydicprotons),Table 1. The control reactionsbetween

methacroleinor crotonaldehydeand cyclopentadienewithout the dialkylimidazoliumsah present gave no

productafter48h at -25“C.

These resultsshow clearlythat these dialkylimidazoliumsahs act as Lewisacids, both in the way that

theycatrdysethe two DieIs-Alderreactionsat lowtemperatureand the highendo : exo selectivitiesrelativeto

the non cataiysedreactions. However,the yieldsshowthat they are weak Lewisacids,but there is obvious

scope to increasethe Lewisacidityby usingelectronwithdrawinggroups,such as chloro,bromo,cyanoand

nitro,on thecarbonsof the imidazoleringoran arylhlkylsulfonylgroupon oneof thenitrogensin thering.
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Table 1. Results (Yield%;Endo:ExoRatio) for the Diels-AlderReaction Between Cyclopentadieneand

Crotonaldehydeor Methacroleinin thePresenceof DialkylimidazoliumSalts1,2 or 3.

Dienophile

Dialkylimidazolium Salt Crotonatdehyde Methacrolein

1 35%;95: 5 40%; 15 : 85

2 37%;95 : 5 40%; 13 : 87

3 36%;93 : 7 36%; 10: 90

h interestingpropertyof the dialkylimidazoliumsalt 1 is the ease withwhichit can be recycledunder

heterogeneousconditions.The above reactionswere carriedout in dichloromethane,in which 1 is soluble.

Howeverionicliquid1 doesnot dissolveindiethyletherandremainsfluidat -25 “C. A heterogeneousreaction

betweencrotonaldehydeandcyclopentadienein the presenceof 1, underthe sameconditionsas before,except

substitutingdiethyletherfor dichloromethaneas the reactionsolvent,gavea 25’%0yieldof the product7 (endo

andexe). The diethylether layerwasdecantedoffandthe remaining1 waswashedwithfurtherdiethylether.

Thisprocesswas repeatedfourmoretimesandgaveapproximatelythe sameyieldof products(24, 23, 23 and

21%respectively).

Ourattemptsat carryingoutcatalyticasymmetricDieIs-AlderreactionsusingthehomochiralN,N-di(2’S-

2’-methylbutane)imidazoliumbromide6catalyst3, synthesisedina similarmannerto 1, in 21%yieldby heating

thereadilyavailableS-(+)-l-bromo-2-methylbutanewithTMS-imidazoleat refluxtemperature,werenot

successfulas theenantiomericexcessesachievedin thereactions(Scheme1)wereless than5Y0( as determined

bychiralGC).

We arecontinuinginvestigationsin thisareawithdialkylimidazoliumsaltscontainingelectron

withdrawinggroupsin the imidazolering,withotherhomochiraldialkylimidazoliumsaltsandwithotherLewis

acidmediatedreactionssuchasClaisenrearrangements,7theenereactionsandcyanohydnnformation9withthe

intentto producea newandefficientclassof homochiralLewisacidcatalysts.
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In contrastto eitherphenylalaninealdehydclb or akminealdchydc1a, bothleucineand valinederived
aldehydesIC and d respectivelygave a complexmixtureof productsupon exposure to either silica gel or
pyridiniumacetate from which no major component could be identified.Similarly, proline al&hyde 3
decomposedcompletelyuponexposmeto silicagel andphenylglycinealdehydcle was not isolableat all in a
crudestatefromthe oxidationof thecorrespondingprimaryalcohol.Completedecompositionrdwaysoccuned
despitenumerousattem~tsto oxidisethe correspondingalcoholwith a wide range of reagents, includingthe
standardSwem process usedsuccessfullyfor la-d.

Scheme 1.

H

Thefactthatonlythealaninalderivativela rearrangescleanly couldbe attributableto the particularlyfast
1,2-methylandsubsequenthydrogenshift,effectivelypreventinghydrolysisof the intermediate5 (Scheme 1).
Further,the observationthatcompletedecompositionof productsderivedfromthe prolinal3 or phenylglycimd
le derivativesoccured, tends to supportthe idea of a rearrangementoccuringvia 5. Similarly,the fact that
phenylalaninalderivativelb simplyracernisesvia an enolof type6, suggeststhat the fiist 1,2-alkylshift (i.e. 1
to 5) is too slow in this case due to unfavorable interactionsin structureA (Scheme 1) and also that further
mrrsngement of 6 (R = CH2Ph) through 7, 8 and 9 rcqcctively fails to occur. Thus, the observed
reamingementof alaninalderivativela is probablyduetostetecelectroniceffects;thesmallermethylgroupof la
is ableto adoptthe necessarysyn-planarorientationrelativeto thealdchyden-systemand the nitrogenlone pair
thercfomorientatesto an anti-periplanarorientationrdativeto the shiftingcr-bond(i.e. via A in Scheme 1); a
process which presumablybecomesprcdudcdas the size of the alkylof 1 incrtxi.wsdue to stcric repulsion
betweentheN-benzylgroupsandthealkylgroupR.
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