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ASYMMETRIC DIFLS~ALDER CYCLOADDITIONS USING
CHIRAL ALKYL VINYL ETHERS AND A DIENYL SULFONE
Gary H. Posner* and David G. Wettlaufer
Department of Chemistry, The Johns Hopkins University, Baltimore, Maryland 21218
Summary : Chiral alkyl vinyl ethers 2b-2j underwent mild, inverse electron
demand, Diels-Alder cycloadditions with 3~arenesulfonyl-2-pyrone ! to form

bridged bicyclic lactone adducts 3b-3j in excellent yields and “with dia-
stereoselectivities of up to 90%.

Asymmetric Diels~Alder cycleoadditions are becoming increasingly useful in controlling
absolute stereochemistry during formation of several carbon-carbon bonds in one reaction; by

far most examples involve electrophilie, chiral dienophiles.l

We have reported recently the
first example of a highly diastereoselective Diels-Alder cycloaddition using an electrophilic,
chiral dienyl sulfoxide as an enophile.2 We have found now that electrophilic dienyl sulfone

1 undergoes some very highly diastereoselective, mild 2+4-cycloadditions with several alkyl

vinyl ethers as nucleophilic, chiral dienophiles (eq. 1).3
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3-p-Toluenesulfonyl-2-pyrone (1), prepared from 3—bromo—2—pyrone,4 reacted with several
equivalents of various alkyl vinyl ethers 2 in methylene chloride to produce Dilels-Alder
adducts 3 in excellent chemical yields. No Lewis acid was needed, and no loss of carbon diox-
ide occurred from bridged bicyclic lactone adducts 235 The structures of bicyclic lactones 3
were confirmed by IR (non-conjugated lactone) and by gy mw (only two olefinic hydrogen
atoms). That the ethoxy group in bicyclic adduct 3a is oriented toward the 2-carbon olefinic
bridge is consistent with prediction based on molecular models and was determined by NMR in
comparison to a structurally similar system;6 the methyl triplet for the ethoxy group of ad-
duct 3a appeared at ¢ 1.20, whereas that for the corresponding minor isomeric adduet having
the ethoxy group oriented toward the 2-carbon lactone bridge (i.e., epi-3a) appeared at §
0.86. The ratio of adducts 3a:epi-3a was >20:1.

Alkyl vinyl ethers 2b-2j, prepared from n-butyl vinyl ether and various chiral alcohols
via mercury-promoted Ezgggjetherification,7 also underwent high-yield and wild inverse
electron demand 2+4-cycloadditions (eq. 1). The diastereomeric purities of crude adducts 3b-
3] were determined easily and accurately by 400 MHz Lavr analysis of the toluene doublets.
For example, isopropyl phenyl carbinyl adduct 31 showed two tolyl doublets (J = 8.17 Hz) with
one centered at § 8.02 and the other centered at § 7.92 in a diastereomeric ratio of 92:8 (84%
diastereomeric excess). The pure major diastereomer was isolated after chromatography in 86%
yiela:8

Although the t-butyl phenyl carbinyl adduct 3} was formed even more diastereoselectively
(90% d.e.), the commercial availability of enantiomerically pure isopropyl phenyl carbinol in

both (R)- and (§)—antipode59

and the ease of purification of diastereomeric adducts 3i
prompted us to focus on adduct 3i (rather than on 3j). At this time, we can offer no unambig-
uous explanation for why some normally effective chiral auxiliaries (e.g., the 8-phenylmenthyl
system)10 produced such low diastereoselectivity in eq. 1. The variety of useful functional
groups in adduct 3i suggests that it will be an extremely valuable and versatile intermediate
for preparing various richly functionalized cyclohexyl ring systems. For example, hydroxyla-
tion of the double bond in adduct 3i followed by nucleophilic opening of the lactone ring
should produce a.ring-tetraoxygenated cyclohexanecarboxylic acid system.

We have converted enantiomerically pure (S)-(~)-isopropyl phenyl carbinol into the corre-

sponding (8)-(~)-vinyl ether [(8)-(-)-2i, Scheme I]. To check that no racemization was oc-—
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curring in this transetherification reaction, both the remaining alcohol and the product vinyl
ether, after methanolysis, were converted into the same Mosher esterll derivative 4 (Scheme
I). Analysis by g and by 19 MR revealed a diastereomeric purity of >98% for the Mosher

ester 4 derived from the remaining alcohol as well as from the product vinyl ether.

Scheme I
_I:I_—BuOCH=CH2 Hg( OAc) 5
* —ssug—> (8)-(=)=Ph(i~Pr)CHOCH=CH,
(8)-(-)-Ph{i-Pr)CHOH T hr (8)-(-)-2i
(1) CHCL,, MeOH, TsOH
0 OMe 0 OMe
f X
ClC—LPh (2) C1C-Ph
CFy cr,
0 OMe
I
L Ph(i-Pr)CHOC-CPh «—1
F

3

4, >98%7 d.e.

Enantiomerically pure vinyl ether (S)-(-)-2i was converted on gram-scale into Diels-Alder
adduct (—)122 which was isolated as a pure diastereomer in 84% yield! We are now using this

12

chiron in a planned total synthesis of some enantiomerically pure members of the shikimic

acid family.l3
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