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ABSTRACT

Hydrozirconation of allenes followed by in situ transmetalation to dialkylzinc leads to the formation of an allylic zinc species that, upon
addition of aldimines to the reaction mixture, provides homoallylic amines in 64 −85% yield.

Hydrozirconation of allenes is an efficient method for
generating allylzirconocenes.1 These reagents provide good
yields and diastereoselectivities in the allylation of aldehydes
and ketones. Recently, allylzirconocene alkoxides derived
from zirconocene(II)-alkene complexes have also been used
in aldimine allylations providing syn homoallylic amines in
good to excellent yields.2,3 Hydrozirconation of silyl- or
stannyl-substituted allenes gives rise to bimetallic species
that could potentially serve as dianion equivalents, but in
general the addition of these species to aldehydes and ketones
has led to Peterson-type elimination and has therefore been
limited to 1,3-diene synthesis.4,5 Selective transmetalation of
zirconium offers a strategy to expand the chemistry of allene
hydrozirconation products;6 for example, Pi and Huang have
shown that transmetalation of allylzirconocenes to copper-
(I) salts provides a useful reagent for addition to enones.5

Our previous approach to homoallylic amines involved the
cascade zirconocene homologation-aldimine addition reac-

tion with diiodomethane.7 Mechanistically, this multicom-
ponent strategy was limited to the preparation of terminal
vinyl-substituted homoallylic amines. These compounds are
important building blocks in organic synthesis, and numerous
methods for generating both racemic and enantiomerically
enriched homoallylic amines have been developed.8 In
contrast, few protocols for the generation of silylated
homoallylic amines are available.9 Since applications of
silicon-containing substrates in cross-coupling reactions10 and
allylation processes11 are increasing in number, we were
interested in extending our zirconocene methodology toward
the formation of homoallylic amines bearing vinylic or allylic
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silicon functionalities, and we envisioned that hydrozircona-
tion of readily available allenylsilanes12 would be a suitable
way to generate reactive organometallic intermediates for
this purpose.

Treatment of allene1 with zirconocene hydrochloride13

at-78°C followed by briefly warming to room temperature,
recooling to -78 °C, and addition of dimethylzinc and
aldimine2a led to the (E)-vinylsilane3 in 78% yield (Scheme
1).14 The scope of this reaction is illustrated in Table 1.15

TMS-, TBS-, and Bu3Sn-substituted allylzinc species reacted
with both the aromatic aldimine2aand the in situ-generated
aldimine2b16 and provided the corresponding vinylsilanes
and vinylstannanes in high yields (entries 1-3, 6, 7). In
contrast, the (E)-allylzirconocene obtained from hydrozir-
conation of6 adds to carbonyl compounds in the absence of
Me2Zn to give anti-â-alkoxystannanes, which eliminate
spontaneously to the corresponding 4-monosubstituted dienes.4

Other allenes that did not possess silicon or tin substituents
also performed well in this reaction; however, these substrates
provided the terminal alkene products typical of allylations
of imines or aldehydes (entries 4, 5, 8),17 in agreement with
our previous results.7 Interestingly, 1-methyl-1-trimethylsilyl
allene15 led exclusively to allylsilane upon reaction with
aldimine2b. The increased steric hindrance associated with
the 1,1-disubstitution was most likely responsible for this
reversal in selectivity, since the analogous effect was also
observed for the dimethylated allene17 in entry 10.

Trisubstituted allenes such as19 did not yield any product
upon addition to aldimines2a or 2b. This lack of reactivity
was attributed to the formation of side products during the
hydrozirconation step. Both aromatic (2a) and aliphatic (2b)
N-phosphinyl aldimines as well as the more reactive tosyl
aldimine2018 were efficient electrophiles. All products were
diastereomerically pure by NMR analysis, and the relative
configurations of compounds9 and16 were confirmed by
X-ray structure analysis.

We propose a cyclic transition state for vinylsilane
formation (Figure 1). Hydrozirconation of the allenylsilane

1 leads regioselectively to allylzirconocene24.1 Upon
transmetalation to dimethylzinc, two allylic zinc intermedi-
ates are formed. The terminal zinc species25and the internal
zinc reagent26 are in rapid equilibrium,19 with 25 reacting
to give the terminal alkene29 (not observed) and26 leading
to the vinylsilane3 (observed product). An alternative
reaction pathway would involve a direct 1,2-addition of
allylzinc reagent25 to the aldimine without allylic inversion
to give product3. However, the exclusive formation of the
vinylsilane with the TMS-substituted zinc species, in contrast
to the formation of a mixture of both vinylic and allylic
products from thetert-butyl-substituted allene, supports the
allylic inversion pathway. With 1,1-disubstituted substrates
such as15, the steric strain should position the metal away
from the substituents, thereby producing exclusively the
terminal vinyl group in the product through allylic inver-
sion.20

We were able to extend this methodology toward chiral
auxiliary-controlled addition toN-tert-butanesulfinyl imi-
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Scheme 1

Figure 1. Proposed mechanism for homoallylic amine formation.
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nes.21 A yield of 81% and a 1:1.3 ratio of vinylsilane23a to
allylic silane23b was obtained when allenylsilane15 was
added to sulfinyl imine22 (entry 13). The allylic silane23b
was formed with a dr> 95:5. Attempts to improve the
regioselectivity of this addition by changing the solvent,

adding metal salts, or modifying the substituents on the
sulfinyl imine proved to be unsuccessful. The mixture of
23aand23bwas separated by chromatography on SiO2, and
the vinylsilane geometry was assigned through NOE analysis
(see Supporting Information).

Table 1. Scope of Hydrozirconation-Imine Addition of Allenes

a Aldimines2b and20 were formed in situ.16,18 b Yields of isolated products based on imines.c Dr > 95:5. d Ratio of11aand11b formed was 1.5:1.e A
single diastereomer was observed by1H NMR, and a dr) 96:4 was found by chiral HPLC analysis (Chiralpak AD-H column).
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Further unoptimized catalytic asymmetric additions of4
to 2a in the presence of 15 mol % (-)-MIB22 as a chiral
ligand gave allylic amine5 in a low 33% ee. We are
continuing our studies to identify a more suitable chiral
ligand for this process.

In conclusion, we have developed a new synthesis of
homoallylic amines with vinylic and allylic silane and
stannane substituents, employing both aromatic and aliphatic
aldimines. All reaction products were obtained as single
diastereomers, and an extension of this reaction to a chiral
auxiliary-controlled process has been achieved through the
use ofN-tert-butanesulfinyl imines. The allylzinc species that

are obtained by in situ transmetalation demonstrate a unique
reactivity and regioselectivity in imine additions that dif-
ferentiates them from their allylzirconocene precursors.
Further explorations of the use of chiral ligands and synthetic
applications of the functionalized silanes will be reported in
due course.
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