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Abstract: TrijZuoromethonesu~onic(trif7ic)acid (1 rmrl%)has beenfound to be an eficient catalystfor the hetero Diels-Alder

reactionbetweenaromaticaldehy&s and unuctivateddienes.@ 1997ElsevierScienceLtd.

TheheteroDiels-Alderreactionis a powerfulmethodin the constructionof heterocycles.1-3However
for pyran synthesis, this method is severely limited to the reaction of either highly electron rich dienes
(typicallyDanishefsky’sdiene)4$5with a broad range of aldehydes or highly activated aldehydes (e.g.
glyoxylates)6with a broad range of dienes. There are very few examplesof hetero Diels-Alderreactions
betweensimpledienes and inactivated aldehydes,7>8but a recent report involvingthe use of cationicPd2+
catalysts9promptsus to reportour ownresearchin this area. We havebeen interestedin expandingthe scope
of the heteroDiels-Alderreactionas we recognisedthat it couldbe appliedto a shortandeconomicsynthesis
of the fragrancematerial mefrosol 1 (Scheme 1). Mefrosol cart be obtained from the hetero Diels-Alder
adduct2 by simplehydrogenation.10
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Scheme1

Our studies have focused on finding a suitable catalyst for the hetero Diels-Alder reaction. We
screeneda rangeof potentialcatalysts [Sc(OTf)3,CeC13,Yb(OTf)3,HNTf2,HOTfl in the reactionbetween
benzaldehydeand isoprene and found that trifluoromethanesulfonic(triflic) acid in toluene providedthe
greatest activation. Using as little as 1 mol% of 80% TfOH (aq) a high yield (72%) of pyran 2 was

obtained.11This reactionhas been carriedout on 1 mol scaleand the pyran2 was obtainedin similaryield
(64%by distillation). To probethe generalityof this procedurea range of aldehydeswere tested (Table 1).
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Table1:HeteroDiela-AiderReactionof IsoprenewithAldehydeaCatalysedby TritlicAcid.
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We were pleased to find that isoprene underwent the desired hetero Diels-Alder reaction with
completeregioselectivitywith both activatedand weaklydeactivatedaromaticaldehydes(entries3-5). For
the stronglydeactivatedaldehyde@nisaldehyde, entry 6) a singleregioisomerwas againobtainedbut in a
loweryield. This is evidentlyan electroniceffect as the reactionof ~-anisaldehyde(entry7) occurredwith
greaterefficiency. Valeraldehyde(entry8) reactedto give a low yieldof pyranand a mixtureof other high
boilingproducts.

To further investigate the scope of the process we tested the reaction between benzaldehydeand
severalsimpledienes(Table2).

Table2: Competitionbetweenthe HeteroDieIs-AlderandPrinsReactionsof
BenzaldehydewithSimpleInactivatedDienesCatalyaedby TriflicAcid.
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Entry Diene Isolated Isolated
Yield3/% Yield41%

1 x
/

72 Ob

2
x 85 @

4/5 \ w 33d~e(R3,R4=Me)

6
s)

o 0

aRoductobtainedas a ca. 1:1mixtureof disstereomers.b NoneisolatedbutsomePrins
productdetectedby nmr(@%). cNone isolatedbutsomeheteroDiels-Alderproduct
detectedbynmr(elO%). d Yieldsobtainedusingprocedureindicatedin ref. 11. However,
a slightmodificationof conditionsgaveincreasedyieldsof Prinsadduct(see ref. 12).
e Productobtainedas a ca.4:1 mixtureof isomers.

Whilstdienessubstitutedwith an alkylgroupin the 2-position(entries 1-3)reactedsmoothlyto give
the correspondingpyrans in high yields, dienes with a substituentin the l-position (entries4-5) gave the
alternative Prins product in moderate yield and low diastereoselectivity.lz Cyclopentadiene(entry 6)
polymerisedunderthe reactionconditions.

It is likely that both reactions (hetero Diels-A]derand Prins) occur via the commoncarbocationic
intermediate5 (Scheme2).
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For carbonationsderivedhorn 2-substituteddienesthe differencein energybetweenthe trans andcis

forms5a willbe small,andrapidequilibrations betweenthe twoeventuallyresultsin formationof the hetero
Diels-Alderadduct. For carbonationswhich are derived from dienes lacking a 2-substituent,the energy
differencebetweenthe cis and frans forms5b willbe muchgreaterandthe tram carbonationwillbe favoured.
Thiscannotundergodirectringclosure,but furtherreactionwithbenzaldehydeleadsto artintermediatewhich
can. l,2-Disubstituteddienes (e.g. Table 2, entry 5) can react either throughthe 1 or 4 positions: both are
similarlyactivatedbut the 4-positionis less hindered,and evidentlyfavoured. This leads to a carbonation
lackinga 3-substituentandgivesrise to the Prinsproductas the majorcomponent.

In summary,we have found conditions for affecting the hetero Diels-Alderreaction from readily
availableinactivateddienesandaromaticaldehydes.Theprocessrequiresextremelylow catalystloadings,is
carriedout at ambienttemperatureand pressure,and providesthe productsas singleregioisomersin goodto
excellentyields. Additionally,the processnowrepresentsan extremelyefficientandcompetitiverouteto the
fragrancematerial,Mefrosol.
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Oenerrdprocedure;To a stirredsolutionof bettzaldehyde(1.0cm3,10.0mtnol)and80%triflicacid(aq)
(18.8mg,0.10mmol)in toluene(1.5cms)wasaddedisoprene(1.5cms, 15.0mmol)over 10reins,with
cooling(ambienttemperaturewaterbath). Themixturewasstirredat roomtemperatureovernight,after
which time the reaction was quenchedusing sat. sodiumcarbonate (aq) (3 cms). The productwas
extracted into dichloromethane(3 x 3 cms), washed with brine (3 cms) and dried over magnesium
sulfate. Purificationby flashchromatography(silicagel, 2% EtOAc/Petrolemn(b.p.40-60))gave the
pure pyran (883 mg, 5.07 mmol, 72 % based on recovered aldehyde) as a colorless oil, and
benzaldehyde(320mg, 3.01tntnol).
Increasingthe amountof aldehydein the reactionto threeequivalentsresultedin increasedyields(60-
85%)anddiastereoselectivities(90: 10)of the Prinsproducts.
Equilibrationof the cis/trans carbonationscan occureitherby fortnationof oxetatteintermediatesor by
reversionto startingmaterials.
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