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Influence on Diastereoselectivity 
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Ah&rack The incorporation of a chid auxiliaty as part of a disposable tether in the type 2 irur~~ecular Dieis- 
Alakr cycWtion laods to a pair of dhtereomers. Sepamtion of the diostcrcomers and tether removal yields 
enantiomerically pure cycloti and decalim 

Considerable work is beiig devoted to conttolling the enantiospecificity of tbe Diels-Alder cyclosddition. 
Many reports have appeared on the use of chiral Lewis acids, both catalytic and stoichiomeuic.l Chhal auxiliaries 
have also been used as a means of achieving asymmetry in the Diels-Al&r maciion.~ 

We have reported strategies for controlling both regio- and stereoselectivity in the type 2 inuamolecular 
Diels-Alder reaction.3*4 This methodology involves the temporary union of diene and dienophile with a 
“disposable” tether. The conformational constraints imposed by the tether in the type 2 reaction attains a 
predictable regiochemical outcome, and in some cases can reverse the normal regiochemical bias of the 
cycloaddition reaction (Scheme 1). For example, in situations where the normal mode for inrermoleculsr 
cycloaddition gives preference to the * or 1,4-cycloadduct, the type 2 intrmnolecuhu reaction gives tbe “meta” 
or 1,3-cycloadduct. We have previously shown that I S atom tetber results in complete “meta” regiochemical 
control while. in some cases, 6 and 7 atom tethers give mixtures of regioisomers.4 Here we report efforts to 
conuol entantioselcctivity through the incotpcsation of an asymmetric auxiliary on the disposable tether. 

In the following examples, the introduction of asymmetry on the tether joining diene and dienophile leads to 
a pair of diastereomeric cyckadducts (Scheme 2). Separation of the diastereomers followed by tether/ chiral 
auxiliary removal leads to an enantiomerically pure cycloadduct with control of both regio- and 
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We have explored the use of both silyl acetal and silyl ether hnkages in the tether. These systems contain 6 
and 7 atom tethers respectively. Althougb complete. regiochemical control was not possible in all cases using 
“disposable tethers” of this length, it offered the advantage of synthetic expediency since the chh-al auxiliaries 
couldreadilybe korpotated into tbe tether. In tbe present study, chind dials wete employed. lbeir availability 
ma& this approach particularly attractive.5 
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For our initial investigations, we chose a system that did not challenge the intrinsic regiochemical bias of the 
diene and dienophile. The sibyl acetal Diels-Alder precursor (3) was prepared by coupling R.R-(+)- 
hydrobenzoinyl methyl fumamte (2p with diphenylchlorosilyldieuol ether (1) (Equation 1).7 The Diels-Alder 
precursor spontaneously cyclized under the reaction conditions; DMAP (cat.), Et3N. THF, 25 Y!. NMR analysis 
and, in particular, integration of the tether methine signals, showed two products present in a 6:l ratio.* The 
major isomer was isolated by radial chromatography in 62% yield The sttuctum of the cycloadduct and the 
absolute configuration of the new s tereocenters wem established by X-ray crystallography (Figme 1). Treatment 
of cycloadduct 4 with K&U3 in h4cOH afforded cnantiomerically puree ketodiestcr $10 (-)-dimethyl-(5s. lOS)- 
rrans-1-decalone-(3R,4R)dicarboxylate in 90% yield (mp = 112 - 113 “C, [a]~$ = -l&5’, c = 1.15 in CHC13). 

In a related strategy, 6 atom tethers incoqxmting vinyl silanes were pmpamd. For the pteparation of the 
silyl ether Diels-Alder precursor (7), R,R-(+)-hydrobenzoinyl methyl fumarate (2) was coupled with 2- 
chloroditnetbylsilyl- 1,3-butadiene (6) (Equation 2). *I Spontaneous cyclization of 7 led to a mixture of two major 
cycloadducts in a 3: 1 ratio.* The major product was isolated by radial chromatography and rectystalked from 
hexane to give 8 in 50% yield. X-ray analysis contkned the stereochemistry of the major diastexeuner 8. Tether 
cleavage of cycloadduct 8 under oxidative conditionsf2 gave optically pure9 cyclohexanone 9, (-)-dimethyl- 
cyclohexanone-(3R, 4R)-dicarboxylate, in 60% yield ([aID= = - 22.5”. c = 0.8 in CHU3). 

In the previous examples, complete ngio- and stereochemical control was achieved. Separation of the 
diastemomeric cycloadducts followed by removal of the tether ptovikd eriantiometically pum pmducts. 

Figure 1. X-ray Structum of4 
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4 CycJoadcMons were run in 0.1 M toluene sc&~tion at the indicated time and temperature. 
b Only the major diastereomer of each regioisorner is drawn in each case. 



7314 

We have also examin ed other dienophile substitution patterns which, as a result of tether size, were expected 
to give mixtures of regioisomers.4 The cycloaddition reactions proceed smoothly at elevated temperatures in 
tolueue. A summary of the results and conditions is given in Table 1. In all cases, cycloqddition led to the 
formation of four pmducts. Although chromatographic separations wtlt not successful, the dias~selectivities, 
asdetemlinedbyNMR,wereashighas2&1. l3 These findings suggest that a hi degree of diastereo selectivity 
cau be achieved in the type 2 intramolecular Diels-Alder cycloaddition by inmrpwationofachirdauxiliaryinthe 
disposable tether. This methodology will enable synthesis of enantiomerically pure cyclohexane derivatives from 
readily available building blocks. 

Acknowledgment: We are gtateful to the National Institutes of Health for financial support of this work and to 
Dr. Joseph Ziller for assistance with the X-ray crystallographic work. 
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