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Summary: Auxiliary-modified allylic sulfoxides 2 - § exhibit greatly biased ambient temperature sulfinyl epimeric equilibria brought
about by the reversible sulfoxide-sulfenate rearrangement, and provide lithio anions that undergo highly regio- and diastereoselec-
tive conjugate addition reactions with cyclopentenone, and in the case of reagent 5, to cyclohexenone.

Allylic sulfoxides are potentially powerful reagents for enantioselective synthesis. Through their derived lithio anions, they
undergo, with certain cyclic enones, highly regio- and diastereoselective conjugate addition reactions (Scheme I) that Haynes has
suggested pass through ten-membered ring transition structure 1.2 When conducted with optically active sulfoxides configurationally
defined at sulfur, these carbon-carbon bond constructions proceed with sulfinyl control over adduct absolute configuration at C-3 and
C-¢3 Furthermore, it is clear that the nickel-catalyzed substitution of spZ carbon-bound sulfur by Grignard reagents? offers a means
of replacing adduct vinylic sulfoxide functionality with carbon and hydrogen substituents, thus allowing a limited number of allylic
sulfoxide reagents to provide structurally diverse B-substituted ketones. In this regard, allylic sulfoxides are of particular interest as
enantioselective conjugate addition vehicles.
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These attractive features aside, the usefulness of this methodology is compromised by the lack of general ways to introduce
and preserve the absolute configuration of allylic sulfoxide sulfur. The conventional Andersen route to optically active sulfoxides is
limited in its application to allylic sulfoxides.® In addition, substances that possess the sulfinyl center as the only stereogenic element
racemize readily at ambient temperatures through the reversible sulfoxide-sulfenate rearrangement.’

In the previous Letter,8 we reported the syntheses of racemic sulfoxides 2 - § (Scheme IT) in which auxiliary configuration is
relayed to the sulfinyl centers through sulfoxide-sulfenate sigmatropy, thereby tuming into an advantage the ambient temperature
fluxional stereochemistry characteristic of these substances. Since a previous attempt to involve auxiliary-bearing allylic sulfoxide
reagents in the above conjugate addition chemistry failed,? we considered it prudent to assess 2 - 5 in this regard prior to optimizing
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Scheme ITI
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R, R’=H 2 6 92:8 80%
R'=Me,R*aH 3 7 85:15 54%
R'=Ph R®=H 4 8 90:10 60%
R, A%z Me 5 9 93:7 86%

“Two significant products formed in each case within the limits of conventional NMR procedures,

the auxiliary design and developing optically active reagents. It being unnecessary to repeat the survey of reactivity toward enone
structural types carried out by Haynes? and Hua,3 we screened 2 - § against cyclopentenone and cyclohexenone as these enones are
among the least forgiving with respect to sulfoxide-induced diastereoselectivity.2 Herein we report that 2 - § undergo conjugate addi-
tions to these electrophiles with equal or greater regio- and diastereoselectivity than those exhibited by simpler reagents. These are
the first examples of such reactions that proceed both efficiently and with a well defined relationship between auxiliary configuration
and C-3 and C-y configurations.

Reagents 2 - § were employed in the reactions described below with the equilibrium diastereomer distributions indicated in
Scheme II; neither recrystallization nor chromatography delivered pure diastereomers. Of course, pure sulfoxide diastereomers of this
type would be expected to revert to the equilibrium mixtures more or less rapidly at ambient temperatures, and it has been our aim to
develop reagents whose ambient temperature diastereomeric equilibria are usefully biased. Lithiation of 2 - § with LDA in THF at
-78 °C followed by addition of enone and, immediately thereafter, saturated aqueous ammonium chloride provided, after conventional
extractive workup, the conjugate addition products and varying amounts of starting allylic sulfoxides. The yiclds reported have not
been corrected for recovered starting material. The product distributions were determined by NMR prior to purification.

The conjugate additions of 2 - 5 to cyclopentenone (Scheme ITI) were uniformly regioselective and essentially diastereospe-
cific — that is, the diastereomer distributions of the adducts were commensurate with those of the respective reagents. An X-ray crys-
tallographic analysis of the major allyl sulfoxide-cyclopentenone adduct 61011 established its relative stereochemistry and confirmed
that the Haynes stereochemical model 1 had been adhered to; the relative stereochemistries for the remaining major adducts in
Scheme III were assigned by analogy to this product. When the reactions involving the crotyl (3) and cinnamyl (4) reagents were not
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Scheme IV
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Beagent »1.4 Diastersomer Batio* »1.4 Yield 1.2 Diastereomer Ratio* 1.2 Yield

R, A%=H 2 70:30 67% 70:30 30%
R'=Me, R%=H 3 55:45 60% 55: 45 16%
R'=Ph,R%zH 4 55:45 86% - 0%
R', > = Me 5 93:7 85% - 0%

*Two significant producis formed in sach case within the limits of conventional NMR procedures.

quenched promptly, diastereoselectivity was significantly poorer suggesting that post-addition proton transfer between C-y of the
vinylic sulfoxide side chains and product enolates obtained. Attention to the geometrical purity of crotyl reagent 38 would lead to a
significant improvement in the diastereomeric purity of its adduct with cyclopeatenone.

The efficacy in these reactions of the allyl (2) and prenyl (3) reagents is worth noting since Haynes has shown them to be
often stereochemically indiscriminate, especially when not paired with favorably substituted cyclopentenones. For example, phenyl
prenyl sulfoxide adds to cyclopentenone with only 80% diastercoselectivity.2 The excellent selectivity atiainable with unsubstituted
cyclopentenone and § might result from a pronounced preference for the sterically demanding auxiliary to be disposed equatorially in
transition structure 1; it is unlikely to be traceable to direct stereochemical induction from the auxiliary.

The additions to cyclohexenone (Scheme IV) paralleled prior experience-> in that poorly stercoselective 1,2- andfor
1,4-addition occurred in most instances. However in comparison to the behavior of simpler analogues, reagents 2 - § exhibited im-
proved regioselectivity toward cyclohexenone. For example, a-1,2-addition was not observed with any of the reagents described
herein and the degree of y-1,2-addition diminished with increasing steric hindrance at the vy carbon, cinnamyl reagent 4 and prenyl
reagent 5 adding completely regioselectively y-1.4 to cyclohexenone. Both phenyl allyl sulfoxide and phenyl prenyl sulfoxide give
substantial amounts of &-1,2-addition with cyclohexenone.2

With the exception of the process involving 5, stereoselectivity in the conjugate addition resctions with cyclohexenone was
generally unimpressive. In this series, differentially y-substituted reagents 3 and 4 were the least effective while reagents 2 and 5,
which possess equivalent y-substituents, behaved diastereoselectively. This is a reversal of the trend observed with simple allylic sul-
foxide reagents and cyclopentenones.2 Most noteworthy, of course, is the diastereospecific y-conjugate addition of 5, a result that
suggests that a broader group of enones might be amenable to this chemistry. According to the Haynes model, major allyl and prenyl

o anes

11



5412

¥-1,4-adducts would have structures 10 and 11, respectively; we know of no published verification that cyclohexenones adhere to this
model.12

From this study, it is clear that auxiliary-modified reagents 2 - § undergo conjugate additions to enones as effectively or
more so than previously known allylic sulfoxide reagents. Their diastereomeric excesses are transferred faithfully into their adducts
with cyclopentenone and, in the case of prenyl reagent §, with cyclohexenone. Furthermore, the sterically demanding auxiliary en-
dows 2 - § with better regio- and diastereoselectivity than characteristic of simpler aryl allylic sulfoxide analogues. Thus the exten-
sion to other enone structural types of the conjugate addition chemistry that usefully involves auxiliary-modified reagents of this kind
might be possible, especially with a better understanding of the important mechanistic features of these processes. The optimization
of the auxiliary design and the development of optically active reagents, perhaps available through kinetic oxidation-resolution at the
sulfide stage,!3 would appear to be worthwhile goals.
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