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The titled sigmatropic sequence proceeds with complete net retention of configuration, and
surprisingly, suffers from a regiochemical complication arising mainly from the unexpected
competiiron of the £2,37- vs. £1,27-shift wn the Wittig process, as revealed by the use of
the deuterium-labeled substrate

The regio- and stereochemistry of carbon-carbon bond formations with allylic substrates
have received much attention from physical and synthetic organic chemists 1) Recently we have
developed a novel "net SNZ displacement" processz) which 1nvolves the regiospecific [2,3]-Wittig
rearrangements) of acyclic bis-allylic ethers followed by the oxy-Cope rearrangement (Scheme I)
The sigmatropic sequence 1s of synthetic value since the net effect allows the allyloxy moiety
to serve as a homoenolate 10on equivalent, providing a convenient entry to §,e-unsaturated
carbonyl compounds
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While the sigmatropic sequence 1s attractive 1n terms of the regioselectivity, many
guestions concerning stereochemical courses must, of course, be elucidated Particularly,
the question how effectively the substrate chirality (*) could be transmitted to the product
chirality (**) (see Scheme I) 1s crucial for 1ts application 1n synthesis In view of the
suprafacial character of [2,3]- and [3,3]-sigmatropic shifts in principle, 1t 1s highly likely
that the present sequence achieves otherwise difficult "net syn-SNZ—d1sp1acement w4) In order
to establish this point unambiguously, we have now examined the stereochemistry of the
sigmatropic sequence by choosing allyl cie-5-methyl-2-cyclohexenyl ether {l) as a stereo-

chemically defined substrates) (see Scheme II).
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6) 7)

The Witt1g rearrangement of l,under the standard condition gave a stereoisomeric mixture of_é?)
9,10)

Substratell (cis/trans= 96  4)°/ was prepared via etherification of (¥)-czs-alcohol 2

n 62% 1solated yi1eld, along with 14% of the abnormal product (ﬁ) At thi1s stage, any
attempts were not made to assign the stereochemistry of these products After separation of'g
from 4 by column chromatography (s111ca gel), the stereomixture of 3 was subjected to the

arionic oxy-Cope rearrangement]]’]z) 13,14)

to afford aldehyde ﬁ?)and 1ts oxidation product (Q)
1n 85% combined yield The stereochemistry of the oxy-Cope product(s) was determined to be

»95% e1s through nmr and vpc comparisons of 1ts methyl ester Qg)]s) with an authentic ezs-1somer
of g,(>95% ers) which was 1ndependently prepared via the orthoester Claisen rearrangementlﬁ)
followed by the Arndt-Eistert homologation sequence as shown in Scheme II It should be
emphasized here that the cie configuration of 7 (and thus the authentic Q) 1s well secured
because the Claisen rearrangement has been well established to proceed with complete retention

of configuration 17)

In a similar manner, the abnormal product Qﬂ) formed in the Wittig process
was also found to possess exclusively the cze configuration

The stereochemical outcome clearly indicates that the sigmatropic shifts involved 1n the
present sequence, including the unusual one directly leading to iﬁ proceed without loss of
configurational purity to afford the corresponding syn-product. The unexpected formation Of,i
1n the Wittig process, however, raised the question whether the present cyclohexenyl substrate,
Tike acyclic ones,3) undergoes the rearrangement exclusively 1n the [2,3]-sigmatropic fashion
Thus, to probe this point, we have next ascertained the regiochemistry of the Wittig process

18)(

using the deuterium-labeled substrate Ql;a—d) see Scheme III)  The Wittig process of l-o-d

under 1dentical conditions gave, after chromatographic separation, alcohol g;d and aldehyde 4-d

~

n 62% and 14% yield Careful nmr ana]ys1s]9) indicated that 3-d was a 66 34 mixture of §x
and §9 whereas 4-d was the sigle regioisomer (&g) without detectable contamination with ﬁy
The somewhat unexpected regiochemical outcome reveals that the [2,3]-Wittig shift of the present
substrate leading to ;1 does compete considerably with the [1,2]- (Qg) and [1,4]-shift (Ag) n
contrast to the exclusive [2,3]-shift observed with acyclic substrates 3)
In summary, combination of the regio- and stereochemical outcomes outiined here suggests
that the present sigmatropic sequence of unsymmetrical cyclohexenyl systems 1ike 1-a-d would
ventually lead to a mixture of "net syn—SNZ and syn-SNZ' displacements " Noteworthy 1s the

regio- and stereochemical outcomes of the unusual [1,4]-shift which are exactly the same as
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those of the tandem [2,3]-Wittig—oxy-Cope sequence In spite of the serious drawback to the
synthetic util1ty of the present sequence, the results of this work point out mechanistically
interesting aspects of sigmatropic rearrangements concerned We are now 1nvestigating not only
the detailed mechanism of the Wittig process of cyclohexenyl ether systems but also the

chirality transmission within acyclic chiral frameworks
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