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The preparation of organic compounds of high optical purity
is becoming an increasingly important objective. To this end,
numerous examples of methods involving chiral catalysts (both
natural and unnatural) and covalently-bonded chiral auxiliaries
can be cited.1 Although often highly stereoselective, these
methods typically embrace a single event in which bond-forming
or bond-breaking takes place on a given substrate. For
molecules with multiple stereocenters it would be desirable to
couple several distinct asymmetric transformations in a single-
vessel reaction sequence. In this paper we describe the
development of such a tandem asymmetric process, which
couples a 1,2-migration with a homoaldol reaction.
The reaction of the titanium homoenolate derived from3with

N-(tert-butoxycarbonyl)phenylalaninal (6) is known to yield the
homoaldol product4a as a single isomer (Scheme 1).2 The
overall conversion of1 to 4a requires four individual steps,
including two stereodefining steps.3 The recent development
of one-carbon, organozinc homologation reagents prompted an
exploration into the possibility of streamlining the overall
transformation of1 to 4a.4 The success of such a process would
require two distinct asymmetric transformations: an asymmetric
homologation and an asymmetric homoaldol.
Initial attempts to homologate the preformed lithium enolate

7 with bis(iodomethyl)zinc (8) were met with limited success,
producing moderate yields of the methyl and ethyl derivatives
9 and10, respectively (Scheme 2).5 The following experimental
observations suggested the reactivity of the lithium enolate7
was attenuated by8: The conversions to9 and 10 were
established rapidly upon addition of8 to 7 at-70 °C, with no
change over time. If7 was added to 1.1 equiv of8 (“inverse
addition”), only 3% of9 was formed at-70 °C. However, if
7 was added to a solution containing 0.6 equiv of8, a 60%
conversion to9was observed. The deep yellow color indicative
of 7 rapidly dissipated upon addition of approximately 0.5
equivalents of8. Finally, in situ IR spectroscopy clearly
indicated the disappearance of the lithium enolate7 upon

addition to8, with concurrent formation of a new species.6 We
believe these results are consistent with the formation of carbon-
bound enolate zincate11 (Scheme 3).7

Having established11was unreactive, a mechanism proceed-
ing through another species must account for the observed
reactivity under conditions in which8 is added to7. Since that
reaction pathway is only available in the early phases of the
addition, we propose that the higher order zincate12a is
responsible for the formation of9.8 Presumably, this species
increases the electron density at the zinc center, driving the 1,2-
migration to13a.9 This mechanistic scheme is fully consistent
with the observed results. During the initial stages of the
addition of8 to 7, the presence of a large excess of free lithium
enolate7 can either drive the 1,2-migration through the higher
order zincate12aor can react with ethyl iodide to produce10.5
As the addition of8 continues, all lithium enolate7 has been
effectively “quenched” as the zincate species11 or 13a. A
combined maximum yield of 50% for9 and 10 would be
expected with this order of addition. In contrast, inverse
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addition of the lithium enolate7 to 8 yields negligible amounts
of 9 and10 because7 is rapidly quenched in the presence of
excess8.
With a reasonable mechanistic hypothesis in hand, effecting

good conversions to homoenolate depended upon finding an
appropriate enolate surrogate to serve as the driving force in
the 1,2-migration. It has been established thatR-halocyclo-
propylzincs undergo 1,2-migrations in the presence of mono-
and dialkoxides.8,10 Indeed, several alkoxides induced good
conversions to the homologated product9.11 Lithium benzyl-
alkoxide gives the most consistent conversions. Presumably,
the homologation to an alkoxy zincate13b proceeds through
the higher order alkoxy zincate12b.12 The stereoselectivity of
the 1,2 migration is excellent, proceeding withg98% de.13 The
corresponding methyl derivative2 underwent homologation to
14b with similar stereoselectivity (g97% de).
With a viable asymmetric route to the zinc homoenolate13b,

transmetalation was affected with (iPrO)TiCl3 (Scheme 4). The
homoaldol reaction withN-(tert-butoxycarbonyl)phenylalaninal
(6) proceeded as previously described, yielding4a as the only
homoaldol product in 59% yield.2a The overall two-step
transformation to4a occurred withg98% de.14

Several aldehydes were examined as homoaldol substrates
in this transformation (Table 1).15,16 The highest diastereo-
selectivity in the homoaldol reaction is observed forN-tert-
Boc (butoxycarbonyl) aldehydes derived fromL-amino acids
and the titanium homoenolate derived from13b (entries A and
C). Diastereoselectivity in the homoaldol reaction with aryl
and aliphatic aldehydes decreased with decreasing steric bulk
R to the aldehyde.
In most cases, the major isomers from the tandem 1,2-

migration/homoaldol transformation were isolated in pure form
by simple flash chromatography. Conditions for removal of
the auxiliary were quite mild. Treating representativeγ-hy-
droxyamides4with p-toluenesulfonic acid monohydrate induces
cyclization to the lactones15 in good yield (Scheme 5). Furthermore, the (1R, 2S)-cis-aminoindanol crystallizes from

the toluene solution as thep-toluenesulfonate salt16 and is
recovered by simple filtration. Thus, this method provides
access to a variety of optically pureγ-lactones.
In conclusion, we have presented a novel approach to the

asymmetric synthesis of organic molecules containing multiple
stereocenters. Our strategy centers on the asymmetric formation
of reactive intermediates, which are further subjected to asym-
metric transformations. A single chiral controlling element (cis-
aminoindanol) is responsible for asymmetric induction in both
disparate transformations. Further studies on the scope and
mechanism of this and related transformations are in progress.
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Scheme 4 Table 1. Tandem Asymmetric 1,2-Migration/Homoaldol
Reactionsa

aReactions were run with 5 equiv of aldehyde, except for entries
A-C, in which 0.5 equiv of the corresponding aldehydes was
employed.2 bRefers to stereoselectivity of homoaldol reaction as
determined by GLC after silylation of the crude mixtures or by HPLC.
c Isolated yield. Yields in parentheses are based upon homoenolates
13bor 14b. The molarities of13band14bwere determined by HPLC
and corrected for response factors.d Yield based upon aldehyde.2

eTransmetalation with TiCl4. f Based upon recovered9. gYield of major
isomer only.
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