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ASYMHETRIC DInS-ALDER CYCLOADD ITIONS USING

CBIRAL ALKYL VINYL ETHERS A!iD 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-1i underwent mild , inverse electron
demand , Diels- Alder cycloadditions wi t h 3-arenesulfonyl- 2- pyrone 1 to form
bridged bi cycl i c lactone adduct s 3b-Ji in excellent yiel ds and -With dia
stereoselectivities of up to 90%.

Asymmetric Diels-Alder cycloadditions are becoming i ncr eas i ngl y useful in controlling

absolute stereochemistry during formation of several carbon-carbon bonds i n one react ion; by

far most examples involve electrophil i c, chiral dienophiles . 1 We have reported recently the

first example of a highly diastereoselective Diels-Alder cycloaddition us i ng an electrophil ic .

chi r al dienyl su lfoxide as an enophile. 2 We have found now that electrophilic dienyl sulfone

.!.. undergoes some very highly diastereoselective. mild 2+4-cycloadditions with several alkyl

vinyl ethers as nucleophil ic, chiral dienophiles (eq . 1).3
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It % Yield %d.e. R % Yield %d. e.

~ Ethyl 95 f 1-Naph(Me)CH 95 64

b 2-0ctyl ) 90 ~ O
~ Ph(Me)CH 75 66

Eo endo-2 -Bornyl ) 90 - 5 h 2.4 ,6-Me3 Ph(Me)CH ) 90 80

d 8-Phenylmenthyl ) 90 ~5 i Ph(i.-Pr)CH 94 84

.!. Menthyl 89 54 1. Ph(.!.-Bu)CH 90 90
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3-.£.-Toluenesulfonyl-2-pyrone (l). prepared from 3-bromo-2-pyrone, 4 reacted wi th several

equivalents of va r i ous alkyl vinyl ethers ..?. in me t hy lene chlor i de to produce Die l s -A l de r

adduc ts 3 in excellent chemical yi elds. No Lewis acid was needed , and no loss of carbon diox

ide oc curred from bridged bicyclic lactone adducts 2. 5 The structures of bicyclic lac tones 2

were confi rme d by IR (non-conjugated lactone) and by 1H NMR (onl y two ol efinic hydrogen

atoms ). That the e t hoxy group i n bicyclic adduc t ~ i s orient ed toward the 2-car bon olefinic

bridge is consistent with prediction based on molecular models and was determined by NMR in

comparison to a structurally s imilar system;6 the methyl triplet for the ethoxy g r oup of ad-

duct ~ appeared at <5 1.20, whereas that for the corresponding minor isomeric adduct having

the e t hoxy group oriented toward the 2-carbon lactone bridge (i.e., epi-3a) a ppeared at <5

0 . 86 . The ratio of adducts ~:epi-3a was >20:1.

Alkyl vinyl ethers 2b-ll, prepared from .E.-butyl vinyl ether and various chiral alcohols

via mercury-promot ed ~-etherification,7 also und erwent hi gh-yi el d and mild inverse

el ect r on demand 2+4-cycloadditions (eq. 1). The diastereomeric purities of cr ude adduc t s 3b

l1. were determined easily and ac cura tely by 400 MHz 1NMR analysis of the t oluene doublets.

For ex ampl e , isopropyl phenyl carbinyl adduct 3i showed two tolyl doublets ( J = 8 . 17 Hz) with

one centered at <5 8.02 and the other centered at <5 7.92 in a diastereomeric ratio of 92 :8 (84%

d i as te reomeric excess). The pure major diastereomer was isolated after chromatography i n 86 %

yi e ld l 8

Al though the .E.-butyl phenyl car b i ny l adduct 11 was formed ev en mor e di as t e r eose l ect i ve ly

(9 0% d.e .), the commercial availability of enantiomerically pure isopropyl phenyl carbinol in

both (~- and (~-antipodes9 and the ease of purification of diastereomeri c adducts 3i

prompt ed us to focus on adduc t ~ (rather than on ~). At this time, we can of f er no unambig

uous explanation for why some normally effective chiral au xi liari es (e.g., the 8- phe ny lme nt hyl

s ys tem) 10 produced such low diastereoselectivity in eq , 1. The variety of useful functional

g r oups in adduct 3i suggest s that it will be an extremely val ua ble and versatile i nt e r med i a t e

for preparing various richly funct ional ized cyclohex yl ring s ys tems . For ex ample , hydroxyla-

tion of the double bond i n adduct 1!. followed by nucleophilic opening of the lactone ring

should produce a . ring-tetraox ygenated cy clohexanecarboxylic acid s ys t em.

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

sponding (~.>-(-)-vinyl ether [(~)-(-)-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 ester11 derivative ~ (Scheme

I). Analysis by I H and by 19F NMR 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
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Enantiomerically pure vinyl ether ~-(- )-2i was converted on gram-scale into Diels-Alder

adduct (-)-3i which was isolated as a pure diastereomer in 84% yield! We are now using this

chiron12 in a planned total synthesis of some enantiomerically pure members of the shikimic

acid family.13
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