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ABSTRACT

A new chiral allylchlorosilane has been developed that allows the highly enantioselective allylation and crotylation of a range of
2-imidazolylaldimines and ketimines. The method may be exploited for the protecting group-free synthesis of a diverse array of imidazole-
bearing chiral carbinamines and, when coupled with ring-closing metathesis reactions, allows the one-pot synthesis of unusual heterocyclic
motifs with potential relevance in medicinal chemistry.

Given the importance of imidazoles/benzimidazoles and of
chiral carbinamines in medicinal chemistry,1 general, reliable,
and user-friendly methods for the synthesis of structurally
and stereochemically complex imidazole-bearing chiral car-
binamines might be expected to enjoy significant utility. If
in addition such methods were compatible with unprotected
imidazoles, they might enjoy significant advantages relative
to other methods. This line of reasoning was inspired by our
recent demonstration that a variety of aldehyde- and ketone-
derived acylhydrazones may be allylated enantioselectively
using chiral allylsilane reagent1 (Scheme 1).2,3 Mechanistic
investigations revealed that the hydrazones attach themselves
to the silane by chloride displacement, thus generating an
equivalent of HCl which protonates the amino group of the
pseudoephedrine, thereby greatly increasing the activity of

the silane Lewis acid. This mechanism inspired the question
of what other nucleophilic functionalities could effectively
play the same role,4 and among the groups considered was
the NH group of imidazoles and other related heterocycles.
In this case, however, the directing group would be a part
of the substrate, and not an auxiliary attached to the nitrogen
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of the imine that would need to be cleaved in an efficiency-
reducing additional step. While this approach would limit
the substrate scope by definition, it would also allow
unprecedented flexibility in the selection of the imine
substituent (R′), flexibility that, as will be demonstrated, may
be exploited for efficient access to unusual and interesting
structures. Herein we demonstrate that imidazoles (and
benzimidazoles) are effective activators of strained allyl-
chlorosilacycle reagents and that this may be exploited for
the highly enantioselective, efficient, andprotecting group-
freesynthesis of a variety of functionally and stereochemi-
cally complex imidazole-bearing chiral carbinamine struc-
tures.

Our investigations began with imine2, derived from
2-formylimidazole and allylamine. Treatment of2 with
allylsilane1 did indeed lead to smooth conversion to amine
3, but with negligible (<10% ee) enantioselectivity (Scheme
2). A survey of other allylsilanes derived from chiral

aminoalcohols that are available inexpensively and in bulk
led to the discovery thatcis-1-amino-2-indanol-derived
allylsilane (1S,2R)-45 was effective in inducing good levels
of enatioselectivity. Upon optimization, it was found that
treating imine2 with (1S,2R)-4 in toluene for 1 h at room
temperature provided amine3 in 80% yield and 87% ee.

With a readily available and effective allylsilane identified,
a survey of the scope of the reaction was carried out (Table
1). As alluded to above, a variety of imineN-substituents
(R′) are well tolerated, as demonstrated by the synthesis of
amines3, 5, and6 (entries 1, 2, and 3), with the latter entry
demonstrating some functional group tolerance as well. From
the standpoint of medicinal chemistry and structural diversity
this is an especially useful feature, and one not possible with
a chiral auxiliary-based approach (R′ ) chiral auxiliary),
wherein the auxiliary must be removed and the resulting
primary amine functionalized in additional steps. Ketimines
may also be allylated under surprisingly mild and practical
reaction conditions (toluene, room temperature, 1 h) as
demonstrated by the enantioselective synthesis of tertiary

carbinamines7 and8 (entries 4 and 5),6 and these reactions
also demonstrate that imidazole and benzimidazole may be
used interchangeably. Remarkably, phenylketimine9 may
be smoothly allylated as well to provide tertiary carbinamine
10 in 69% yield and 70% ee (entry 6). Despite the moderate
enantioselectivity, we contend that this is a useful reaction
as alternate methods to access enantioenriched structures of
this type are not readily apparent.7

One of the more powerful features of allylation reactions
of this type is the potential for the establishment of a second
stereocenter at the allylic position of the products by
substitution of the terminal carbon of the allylsilane. Most
often this takes the form of crotylation reactions, and we
have established that crotylation is viable in the present
context (Scheme 3). Thus, treatment of aldimine2 wth trans-
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Chem., Int. Ed. 2006, 45, 3811. (b) Rabbat, P. M. A.; Valdez, S. C.;
Leighton, J. L.Org. Lett.2006, 8, 6119.
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(7) Structurally related tertiary carbinamines have been accessed with,
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butanesulfinimine methodology. See: Shaw, A. W.; deSolms, S. J.
Tetrahedron Lett.2001, 42, 7173.
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Table 1. Enantioselective Imidazole-Directed Allylation

a After 1 h, this reaction was heated to 45°C for 1 h to effect
lactamization.b The enantiomeric reagent (1R,2S)-4 was employed in this
experiment.c This reaction was conducted at 10°C for 38 h.
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crotylsilane11 leads to the syn diastereomer12 in 74% yield
with excellent stereoselectivity (>20:1 dr, 89% ee), andcis-
crotylsilane13 leads to the anti product14 in 66% yield
(>20:1 dr, 86% ee). As above, these reactions are notable
for the practical and experimentally trivial reaction conditions
under which they are conducted.

As described above (amines3, 5, and 6, Table 1), the
method is tolerant of a range of imineN-substituents, a
feature that allows the rapid generation of diversely func-
tionalized amine products. While this is useful in its own
right, we also saw a further opportunity to view the imine
N-substituent as part of the carbon framework of a given
target. Thus, reaction of ketimine15 with 4, followed prior
to workup by the addition of 5 mol % of the second-
generation Grubbs catalyst8 led to piperidine derivative16
in 81% yield and 92% ee (Scheme 4). By using the
homologue17, azepine derivative18 was accessed in 75%
yield and 96% ee. It is important to note that attempts to
perform the ring-closing metathesis reactions on the isolated
products of the allylation reactions (e.g.,8) were unsuccess-
ful. Thus, while the allylation reactions require the use of
unprotected imidazoles, the in situ silylation thereof (as in
intermediate19) may be exploited for reactions that do
require imidazole protection, without actually requiring a
separate protection step.

We expect that this methodology may find utility in
medicinal chemistry applications, due to its ability to provide
rapid access to a diverse collection of functionally and
stereochemically complex products while requiring only

remarkably simple experimental procedures. The importance
of the imidazole group and of chiral carbinamines in
medicinal chemistry may hardly be exaggerated, and the
chemistry reported here provides ready access to a variety
of unusual imidazole-bearing chiral carbinamines. Efforts to
extend this methodology to other medicinally important NH-
containing heterocycles (indoles, pyrazoles, etc.) are under-
way.
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