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Abstract: Achiral 4-ters-butyl-1-vinylcyclohexyl esters underwent asymmetric elimination in
the presence of a chiral palladium catalyst coordinated with an optically active ferrocenylbis-
phosphine ligand to give optically active 4-tert-butyl-1-vinylcyclohexene of up to 44% ee.

Enantioselective catalysis via n-allylpalladium intermediates is recognized to be a powerful methodology
for the synthesis of optically active compounds.1:2 In most cases 5o far reported, new chiral carbon centers are
formed upon attack of nucleophiles on the n-allyl carbon of the palladium complexes coordinated with chiral
phosphine ligands.3 We report here a new type of catalytic asymmetric transformation where asymmetric p-
hydrogen elimination from n-allylpalladium intermediates produces optically active 1,3-dienes.

Achiral esters of 4-tert-butyl-1-vinylcyclohexanol 1 were subjected to the catalytic elimination reaction?
in the presence of chiral phosphine-palladium complexes,3 where enantiotopos selective elimination would form
optically active 1,3-diene, either (R)-2 or (5)-2 preferentially (Scheme 1).
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Treatment of acetate ester trans-1a with a catalytic amount (2 mol %) of chiral palladium(0) catalyst,
generated by mixing Pd(dba)3-CHCI3 and ferrocenylbisphosphine ligand (R)-(S)-BPPFA 6 in refluxing THF
for 17 h gave 82% yield of the desired optically active diene, 4-tert-butyl-1-vinylcyclohexene (2) ([0]21p—23.4
(¢ 1.0, chloroform)),” which turned out to be an R isomer by correlation with known (R)-(-)-3-tert-butyl-
hexanedioic acid® (3) obtained by oxidative cleavage of the double bonds in 2 with KMnQO4/NalOs. The
enantiomeric purity was determined to be 21% ee by HPLC analysis of dianilide of 3 with a chiral stationary
phase column (Sumichiral OA-3100, hexane/dichloroethane/ethanol = 60/6/1) (Scheme 2).
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The THF reflux temperature was required to complete the elimination reaction of acetate ester trans-1a in
a reasonable reaction time. Acetoacetate ester 1b and carbonate ester 1c of trans-4-tert-butyl-1-vinylcyclo-
hexanol were found to undergo the catalytic elimination under milder conditions than acetate 1a. It is likely that
acetone enolate and ethoxide anions which are generated by decarboxylation of the leaving groups, acetoacetate
and ethyl carbonate, respectively, participate as base in the f-hydrogen elimination. The asymmetric elimination
of 1b and 1c catalyzed by the Pd/(R)-(S)-BPPFA complex proceeded at room temperature in THF or benzene
solution to give diene 2 of higher enantiomeric purity, the highest (44% ee (R)) being obtained in the reaction of
trans-1b in benzene. Palladium complexes of other phosphine ligands including BINAP and DIOP were less

Table 1. Palladium-Catalyzed Asymmetric Elimination of Allylic Esters 1.2

entry  substrate solvent temp time yield? (%) % ee® (config)
1 trans-1a THF reflux 17h 82 21 (R)
2 trans-1b THF r.t. 22h 65 39
3 trans-1b THF reflux 1h 75 29 (R)
4 trans-1b PhH r.t. 16 h 60 44 (R
5 trans-1c¢ THF r.t. 16h 82 39®
64  trans-1b THF reflux 86 h 67 22 (5)
7 cis-la THF reflux 5h 63 28 (R)
8 cis-1b THF I.t. 47h 51 39 (R)
9 dl-4 THF reflux 15h 66 27 (R)

10¢ trans-5f PhH 30°C 3d 388 32 ()

a All reactions were carried out in the presence of 2 mol % of Pdy(dba)3-CHCI3/(R)-(S)-BPPFA
(L*/Pd = 2/1) unless otherwise noted. ? Isolated yield by medium-pressure column (silica gel)
chromatography. ¢ Determined by HPLC analysis of dianilide of 3 (see text). d (R)-BINAP was
used. € (R)-(S)-BPPFNMeCH(CH2OH); (ref 9) was used. ftrans-§ = Ethyl trans-4-tert-butyl-1-(1-
phenylethenyl)cyclohexyl carbonate. & Product is 4-tert-butyl- 1-(1-phenylethenyl)cyclohexene.
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catalytically active or less stereoselective. The results are summarized in Table 1, which also contains data
obtained for the reaction of cis isomers of 1a and 1b and the regioisomeric allylic ester, dI-2-(4-reri-butyl-
cyclohexylidene)ethyl acetoacetate (4).

As can be seen from the Table, almost the same enantioselectivity was observed in the elimination
reaction of a set of stereo- and regioisomeric esters. Thus, all the reactions of frans-1b, trans-Ic, and cis-1b in
THF at room temperature gave (R)-2 of 39% ee (entries 2, 5, and 8), and those in refluxing THF gave (R)-2 in
the range of 21% to 29% ee starting with trans-1a, trans-1b, cis-1a, and dI-4 (entries 1, 3.7, and 9). A
mechanism of the stereocontrol for the present asymmetric reaction may be illustrated in Scheme 3, which is
proposed based on the result that the stereochemical outcome was not dependent on the relative configuration
(cis or trans) or variation of leaving group (acetate, acetylacetate, or carbonate) of the starting allyl esters.

Scheme 3
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It is probable that the catalytic elimination proceeds via n-allylpalladium complex 6.4 Diene 2 of R
configuration will be formed from 6a or 6b, provided that one of the protons on sys methylene group is
abstracted.10 Oxidative addition of trans-1 to palladium(0) leads to n-altylpalladium 6b or 6d and that of cis-1
leads to 6a or 6¢, since palladium(D) attacks the double bond from the side opposite to leaving group (inversion
of configuration).11 The experimental results that essentially the same stereoselectivity was obtained from trans
and cis isomers indicate that the enantioselectivity in the oxidative addition step forming n-allylpalladium is not
important for the overall stereochemistry12 and the optically active diene (R)-2 is formed after equilibrium of the
diastercomeric x-allylpalladium complexes is attained by the isomerization through o-allyl intermediates (1311
n3 process).! The elimination after the equilibration is also demonstrated by the asymmetric induction observed
with di-4, which otherwise would produce racemic diene 2.
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