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Abstmct: Asymmetric inverse electron-demand Diels-Alder reacdons ofeslers of 3-hydroxypyran-2sne with vinyl 
ethers proceed under ygh pressure at ambient ten@ature, making isolation of the synthetically n&d bicyclic 
adducts feasible. Investiiaiion h&v me&d thai the &sired adduel can be synthesized with aXastereopocior selectivity, 
q..to &X92. by reactkm sfthe acetate qf3-h*ooxupurM-2-one with chi~al8_(3Jdimethy&henyl)menthyl vinyl ether. 

Several a-hydroxycyclohexenecarboxylic acid derivatives in which the ring a-carbon atom is stereogenic 
are useful as intermediates in organic syntheskt The carboxylic acid and ene groups might be transformed to 
give target molecules having important and diverse pharmacological properties, including inhibition of Lewis 
lung carcinoma (cyclohexene oxidesz crotepoxide (l), senepoxide (2)2) and antimictobial activity (3)3. 
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As part of our ongoing research program on asymmetric Diels-Alder reactions, we envisioned that 
hydroxy acid 4, which is intriguing as a potential intetmediate in compact syntheses of such naturally 
occurring cyclohexene derivatives, could be obtained via ring opening of bicyclic compounds of type 5. 
Bicyclic adducts 5 could be directly obtained from [4+2] cycloaddition of 3-hydroxypyran-2-ones 6 with vinyl 
ethers 7, as shown in the Scheme below. 
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In this letter we wish to report thefirst study towards arymmetric synthesis of the bicyclic compound 5a via 
inverse-electron demand Die&Alder reactions of pyrones 6 and vinyl ethers 7, including the application of 

3147 



3148 

high pressure-methodology to prevent extrusion of carbon dioxide from the bicyclic adducts. Diels-Alder 

reactions of the parent, 6a, with electron-poor dienophiles have previously been reported (thermal4 and high- 
pressure5), and 3-arylsulfonyl and 3-arylsulfoxide analogs have been shown to give corresponding adducts. It 
has been shown that both reaction rate7 and facial selectivity8 can be enhanced at high pressure. 

A priori, the asymmetric synthesis might be achieved by use of either a chiral diene or a chiral dienophile. 

We have therefore examined both of these strategies in order to elucidate the requirements for high selectivity. 

Chiral Diene. Since 1-(0-methylmandeloxy)butadiene has been shown to give high diastereofacial 
selectivity in asymmetric Diels-Alder reaction with acrolein,931n we employed the same chiral controller 

group in the cycloaddition of diene 6c with a simple vinyl ether, 7 (R’ = Et). Pyrone 6c was synthesized by 

esterification of the parent 6a” with 0-methylmandelic acid with DCUDMAP in CH2C12, slightly modifying 
a previous procedure used with alcohols. 12 Cycloaddition proceeded smoothly at 13 kbar/4 days, giving the 

bicyclic adduct in 94% yield as an endo/exo mixture (eq 1). 

6c + 

ca. 25 T 
endo:exo = 90: 10 

(1) 

diastereomeric ratio = 5545 

The structures of exo and endo isomers are assigned based on comparison with the tH NMR spectra of model 

compound 8 and its exo isomer. We have shown 8 to be endo by l3C!- (‘H) NOE-difference spectra: irradia- 
tion of H* gave 11.6% NOE at the bridge C=O; the latter C=O was identified by irradiation of the acetyl Me 

protons, giving an NOE at the other (acetyl) C=O. Although we considered it plausible that 6c would have a 

8 9 
significant conformational preference which could be translated into significant diastereofacial selectivity, the 

selectivity obtained was low (55:45). As seen in 9, a possible preferred conformation might place the two C=O 
groups anti both for steric reasons and to avoid dipole-dipole*3 repulsions, the 0-methylmandelate group in 

the approximately perpendicular conformation we have previously observed in X-ray structures.1° Appropriate 
molecular mechanics parameters are not available, but it is possible that the predicted conformational prefer- 

ence does exist, yet the ester group is forced to be slightly noncoplanar with respect to the pyrone ring, such 
that the phenyl group is tipped just out of the path of any approaching dienophile, making both faces of the 
dikne nearly equally accessible. 

The hydroxyl of pyrone 6a must be protected. Reaction of 6a with isomenthyl vinyl ether for at 13 kbar/7 

days, ca. 25 “C, led to isomenthol in 100% isolated yield, presumably via decarboxylative aromatization of 5a. 
Chit-al Dienophiles. The alternative strategy, involving a protected achiral pyrone, 2-acetoxypyran-2-one, 

Gh, and a chiral vinyl ether gave much higher facial selectivities. Pyrone 6b was synthesized by acetylation of 
6a with acetyl chloride/pyridine. Chiral vinyl ethers were prepared by mercuric acetate-catalyzed exchange 

reaction between the parent alcohol and n-butyl vinyl ether or isobutyl vinyl ether.14 Cycloaddition required 7 
days at ca. 25 ‘C to reach a satisfactory, though not optimal, yield of 5b. Diastereofacial selectivities ranged 
from 52:48 to 88:12 (Table I). 
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Table I. Cycloaddition Reactions Between Pyrone 6b and Chiral Vinyl Ethers 

Under High Pressure” 

+ @oyR* ___) 
13 kbar 

7 days 

OCOCH3 

6b Sb 

Entry R* Yield, %b.e Diastereomeric ratiod 

1 Ph(CH$CH- 76 60:40 

2 Ph(r-Bu)CH- 84 73:27 

3 a-Naphthyl(r-Bu)CH- 56 69:31 

4 Ph(cyclohexyl)CH- 67 53:47 

5 Ph(CO$ZH$CH- 84e 74126 

6 Bornyl 74 58:42 

7 Fenchyl 75 68:32 

8 Menthyl 80 53:47 

9 Isomenthyl 74 52:48 

10 2-Phenylcyclohexyl 64 65:35 

11 2-(cr-Naphthyl)cyclohexyl 66 79:21 

12 8-Phenylmenthyl 60 81:19 

13 8-(P-Naphthyl)menthyl 75 87:13 

14 8-(3,5_Dimethylphenyl)menthyl 75 X8:12 

aReactions were run in teflon tubes on a 0.5 mmol scale, with 1.2 to 2 equiv of vinyl ethers in 1 M solution in 

CH2C12. kolated yields. CAll new compounds gave characteristic 1~ NMR and HRMS spectra. dRatios 

determined by 250 MHz lH NMR integration of the COC113 and/or bridgehead H signals in crude reaction 

mixtures. Weld determined by lH NMR. 

Structures of adducts 5b were confirmed by their IH NMR spectra, which show olefinic protons at ca. 6.2- 
6.5 ppm and the l3C signal of the ester bridge carbonyl at 167-170 ppm. The cycloadditions gave exclusively 

endo adducts, assigned based on model compound 8. 
Three basic structural features of chiral vinyl ethers were explored in this study, i. e., simple acyclic chiral 

vinyl ethers (entries l-5), chiral vinyl ethers derived from camphor-related derivatives (entries 6,7), and 
cyclohexane derivatives (entries 8-14). From a mechanistic point of view, asymmetric induction arising from 
acyclic chiral viny1 ethers has not yet been well clarified. However, it has been predicted from ab initio 
molecular orbital calculation that the lowest energy conformation of a-methylbenzyl vinyl ether15 (entry 1) 

has the methyl group oriented away from the enol moiety so that the phenyl ring is nearly orthogonal to the 
enol. A high selectivity, ascribed to an extended conformation of a chiral vinyl ether was found using a bulky 

Lewis acid catalyst in its Diels-Alder reaction with a pyrone sulfone. 6~ Facial selectivity should originate from 
the preferred approach of the diene to the enol face opposite from the phenyl group. The facial selectivity 

would then be controlled by the difference in size between the phenyl and the methyl groups. Conceptually, if 

this preference be sufficient, the facial selectivity might be improved by increasing the size of either the alkyl 

chain or the phenyl group. Experimentally, replacement of the methyl group with a leert-butyl group did indeed 
increase the diastereofacial selectivity from 60:40 (entry 1) to 73:27 (entry 2). Enlargement of the phenyl ring 

size to the napthyl (entry 3) had almost no effect, in fact, we found a slight decrease in selectivity. 
To increase the facial bias further, cyclic controller groups were employed. The camphor-related groups 

(entries 6,7) did not provide strong control, but substituted cyclohexanes provided major improvements. Use 
of 8-phenylmenthol had given strong stereocontrol in certain other reaction types.16J7 The selectivity of 81:19 

(i. e., 4.3: 1) obtained from 8-phenylmenthyl vinyl ether (entry 12) was very promising compared with simpler 
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systems (entries 8-10). Analoguesof this lead compound gave even higher ratios, 87:13 for &(B_napbthyl)- 
menthyl vinyl ether (entry 13) and 88:12 (7.3:1) for 8-(3&limethylphenyl)menthyl vinyl etherfcntry 14). 
These results can be explaine&on steric grounds: the Re face of the enol is shielded by the aromatic group and 
the Si face reacts preferentially. l* This is seen in the MM2-mlnim&d en01 ether 
sttucture shown, where the 8-(&naphthyl)menthyl enol C=C is horizontal, in the 
center of the structure, and is viewed approximately from its H2C end-the lower 
C=C face is considembly more hindered than the upper. The high selectivity can 
be nicely expla$ed by-approx&te retention of this a?&mlationalpnzferenccin 
the transition m fdr’diene a&k on the two facas of the C=C. 

In this work we *be (1) demonstrated that 3-acyloxypyran-2-ones can indeed behave as electmn-accept- 
ing dienes in inverse-ekztron demand Die&Alder reactions. In spite of the attached oxygen atoms which 
make these dienes so electron-rich that they failed to react under tliermal or Lewis-acid catalysed conditions, 
under high pressure’ the reaction proceeded smoothly to give the bicyclic adducts 5. (2) We have examined 
both chiral diene and chiral dienophile strategies and have thus shown that chiral enol ethers are capable of 
good levels of asymmetric induction. (3) Asymmetric synthesis of bicyclic 5 was achieved at a satisfactory 
level (nearly 9O:lO). Isolation of the major diastereomer would give 5 in optically pure form. Its uses in 
organic synthesis are of considerable interest. 
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