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The development of practical enantioselective syntheses of chiral
amines is of great importance to synthetic organic and medicinal
chemistry. Despite much effort directed at enantioselective aldehyde
allylation and crotylation, the development of chiral reagents and
catalysts for the enantioselective allyl(crotyl)ation of aldimine
derivatives has lagged behind. While creative and noteworthy
advances have been recorded,1,2 a truly practical and general method
remains elusive. We recently reported a conceptually new and
practical class of allylsilane reagents (e.g.,1) for aldehyde allylation
that derive their reactivity from ring strain-induced Lewis acidity,3

and it was of interest to investigate these reagents in the context of
aldimine allylation reactions (Scheme 1).

Several imine derivatives of benzaldehyde were subjected to
reaction with1, and in no case was any allylation observed (Scheme
2). Kobayashi has reported that benzoylhydrazones undergo smooth
allylation with allyltrichlorosilane especially in the presence of
Lewis basic solvents such as DMF.4 Reaction of benzoylhydrazone
2a with allylsilane1 in CH2Cl2 at 0°C led to hydrazide3a in 51%
yield and in 69% ee. A series of aroyl- and alkanoylhydrazones of
benzaldehyde were prepared and reacted with allylsilane1.
Significant variations in enantioselectivity were observed (e.g.,
pivaloylhydrazone2b gave3b in only 40% ee), and optimal results
were obtained with the simple acetylhydrazone2c. Optimization
revealed CH2Cl2 as the solvent of choice and 10°C as the optimal
reaction temperature. Under these conditions, the reaction of1 and
2c proceeded to give3c in 86% yield and 88% ee.5

As outlined in Table 1, a wide variety of aromatic and hetero-
cyclic aldehyde-derived acetylhydrazones performed admirably in
the reaction (entries 1-10). An exception was the 3-pyridyl
acetylhydrazone, which was allylated in only 23% ee (entry 11).
Hypothesizing that the Lewis basic nitrogen was interacting with
the Lewis acidic silicon, we screened the 2-chloropyridyl substrate
and were delighted to find that most of the lost selectivity was

restored (entry 12). The 2-pyrrolyl acetylhydrazone was also a
problematic substrate (entry 13). While the mechanistic basis for
the poor selectivity in this case is less obvious, the corresponding
N-Boc pyrrole was prepared. This substrate proved very effective,
albeit sluggish, resulting in product of 92% ee (entry 14). Finally,
although aliphatic aldehyde-derived hydrazones generally provide
only low to moderate enantioselectivities, the pivalaldehyde-derived
substrate is an exception, providing the highest enantioselectivity
observed to date (97% ee, entry 15).

In a demonstration of the practicality of this reaction, the
reactions of two substrates were carried out on a 5 gscale (Scheme
3). Only 1.2 equiv of reagent1 was employed, the products were
isolated without chromatography, and highly enantiomerically
enriched materials (g98% ee) were obtained in good yield upon a
single recrystallization. Combined with the experimentally trivial
preparation of reagent1,6 these data establish the true practicality

Scheme 1

Scheme 2

Table 1. Enantioselective Allylation of Acylhydrazones

a Enantiomeric excess was determined by chiral HPLC.b 40% of
recovered starting material was isolated as well.
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of this reaction, despite the only moderately high enantioselectivities
of some of the substrates.

The observations (1) that of the aldimine derivatives screened,
only acylhydrazones undergo allylation and (2) that the structure
of the acyl group has a dramatic effect on the reaction (see Scheme
2) suggest a secondary interaction between the Lewis basic amide
and the Lewis acidic silane. This in turn calls into question whether
the ring strain-induced Lewis acidity in reagents such as1, which
has been shown to be necessary for aldehyde allylation,2a is
necessary in the reactions with acylhydrazones. We prepared
allylsilane4 and have found that it indeed allylates acetylhydrazone
2c, albeit with reduced efficiency (Scheme 4). We may thus
conclude that strain-induced Lewis acidity, while helpful for
efficiency, is not necessary for acylhydrazone allylation, in stark
contrast to the corresponding aldehyde allylations.7

cis-Crotylsilane andtrans-crotylsilane (S,S)-5a,b were prepared
and reacted with benzoylhydrazone2a, giving anti-hydrazide6a
in 81% yield with 96:4 dr and 95% ee andsyn-hydrazide6b in
89% yield with 95:5 dr and 97% ee, respectively (Scheme 5). In
addition to establishing the superior performance of the crotylation
reagents5, these results are mechanistically revealing. As shown,
two-point binding/double activation of the type proposed is
completely consistent with the unusual observation of ananti
product from acis-crotylsilane, and asynfrom atrans-crotylsilane.
Kobayshi has made similar observations in the additions of crotyl-
trichlorosilanes to benzoylhydrazones,4 and related observations
have been made during studies of intramolecular aldehyde crotyl-
silylations.8

An important consequence of this mechanism is that Lewis basic
groups other than acylhydrazones might be expected to promote
the reaction. Indeed, aldimine7 was prepared and, upon reaction
with allylsilane1, gave amine8 in 31% yield and 50% ee (Scheme
6). Albeit unoptimized, this reaction stands in contrast to the
corresponding benzylimine, which does not undergo allylation with
allylsilane1 (see Scheme 2).

We have developed a highly practical enantioselective allylation
of acetylhydrazones. The reagent is trivially prepared in bulk and
is stable to storage. The products may be isolated without
chromatography and in high ee by simple recrystallization. A
mechanistic paradigm distinct from aldehyde allylation has been
established, and more effective Lewis base-containing imine
derivatives may be imagined.
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