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Abstract—A parallel library of optically active bicyclic tertiary amines bearing N-chiral bridgehead nitrogen atoms was readily
prepared by condensation of primary amines, cyclic amino acids and aldehydes. The enantiocontrolling ability of each of the
library members was examined for the asymmetric alkylation of benzaldehyde with diethylzinc, and (3R,6R,7aS)-(2,3-diphenyl-6-
hydroxy)hexahydro-1H-pyrrolo[1,2-c ]imidazol-1-one, which contains a b-amino alcohol unit, showed high enantioselectivity.
© 2001 Elsevier Science Ltd. All rights reserved.

Functionally rich nitrogen heterocycles occupy a promi-
nent position in organic chemistry as both useful syn-
thetic reagents and molecules of biological interest. In
particular, optically active bicyclic amines bearing chi-
ral sp3-nitrogen atoms at their bridgehead positions
(e.g. the Cinchona alkaloid family) find widespread use
as chiral reagents for a variety of organic transforma-
tions.1 With a view to obtaining enantioselective reac-
tions, we are particularly interested in a diversity-based
approach2 to N-chiral tertiary amines possessing enan-
tiocontrolling abilities. Herein we report a simple con-
struction of a library of N-chiral bicyclic tertiary
amines 1 from primary amines (2), cyclic amino acids
(3), and aldehydes (4) and its preliminary use for
screening of chiral catalysts for the asymmetric alkyla-
tion of benzaldehyde with diethylzinc in which the
b-amino alcohol unit is identified as a lead structure of
enantioselective catalysts.3

A typical experiment for the preparation of the bicyclic
amine analogues is shown in Scheme 1 in which aniline,
hydroxyproline and benzaldehyde were used as starting
components, and the trifluoroacetyl group as the pro-
tecting group. Thus, L-hydroxyproline (3{2}) was
treated with trifluoroacetic anhydride in chloroform at
0°C for 2 h and then concentrated. The resulting crude
material was dissolved in toluene and PCl5 was added
to the solution at 0°C. After 90 min, aniline (2{2}) and

triethylamine were added to the solution at room tem-
perature. The reaction mixture was stirred for 30 min
and then washed with dil. HCl. After removal of the
solvent, the desired 5{2,2} was isolated by short column
filtration over silica gel in 87% yield.4 The anilide
5{2,2} was treated with benzaldehyde in methanolic
potassium carbonate at room temperature for 2 h dur-
ing which deprotection of trifluoroacetamide and cy-
clization with benzaldehyde took place successively to
give (3R,6R,7aS)-(2,3-diphenyl-6-hydroxy)hexahydro-
1H-pyrrolo[1,2-c ]imidazol-1-one (1{2,2,7}) in one pot.5

The product 1{2,2,7} was extracted with AcOEt and
purified by filtration through silica gel to give an 86%
isolated yield of 1{2,2,7}.6 According to this simple
method which comprises two sets of one-pot reactions
and chromatographic filtrations, the bicyclic amine li-
brary 1{1–5,1–2,1–18}, {2,4–5,1}, {2,4–5,7–9} was
readily constructed.7 Silyl ethers 1{2,3,1–9} were pre-
pared from the corresponding 1{2,2,1–9} as additional
library members.

Having successfully synthesized a range of bicyclic
amines 1, we examined the resulting N-chiral amines for
the reaction of benzaldehyde with diethylzinc (Scheme
2).8 The alkylation was carried out in toluene at −5°C
under an argon atmosphere for 72 h in the presence of
5 mol% of 1 in parallel in individual reaction vessels to
give 1-phenylpropanol (6). The chemical yield and
enantiomeric purity of 6 were determined by GC analy-
sis of the product mixture using a chiral stationary
phase capillary column. Selected data obtained with
1{1–5,2,1}, {2,1–5,1}, and {2,2,1–18} are shown in
graphs 1, 2, and 3, respectively (Fig. 1). As
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Scheme 1.

can be seen from graphs, the N2 substituent (module
X) is not a decisive diversity group, its relatively uni-
form reactivity and stereoselectivity being observed in
each case using 1{1–5,2,1} (graph 1). Although a com-
parable chemical yield was also obtained with 1{2,1–
5,1}, the enantiomeric purity of the product 6 was
significantly affected by module Y (graph 2). Thus,
1{2,2,1} having a hydroxy group at its C6 position
showed good enantioselectivity to give 55% ee of (R)-6,
while {2,1,1}, {2,3,1}, {2,4,1}, and {2,5,1}, which lack
the hydroxy group, gave less than 5% ee of 6 irrespec-
tive of their bicyclic framework. Graph 3 lists the
results of the asymmetric alkylation in the presence of
(2-phenyl-6-hydroxy)pyrroloimidazolinones 1{2,2,1–
18} incorporating various aldehydes (module Z). The
module Z was identified as an effective diversity site
because the C3 substituents should lie in close proxim-
ity to the zinc atom coordinated with the bridgehead
nitrogen. Thus, aromatic substituents at the C3 position
(1{2,2,7–12}) afforded high enantioselectivities (around
70% ee), while sterically bulky substituents (1{2,2,2–6}
and {2,2,13–17}) gave lower enantioselectivities. Of the

library members {2,2,1–18}, the pyrroloimidazoline
containing the phenyl group on its imidazoline ring
(1{2,2,7}) turned out to be the best catalyst exhibiting
the highest enantioselectivity where the enantiomeric
purity of (R)-6 was increased to 75% ee.

The catalyst 1{2,2,7} identified from the library screens
was re-synthesized independently and tested in the
asymmetric alkylation. The result obtained is shown in
Fig. 2, which also includes those obtained with 1{2,1,7}
and {2,3,7} for comparison. The alkylation of ben-
zaldehyde with Et2Zn (2 equiv.) in toluene at −5°C for
24 h under argon in the presence of 5 mol% of 1{2,2,7}
gave 77% ee of (R)-phenylpropanol ((R)-6) in 96%
yield.9 Little asymmetric induction was observed with
1{2,1,7} or {2,3,7} again indicating that the C6 hy-
droxy group plays a crucial role in asymmetric induc-
tion. It has been well-documented that the b-amino
alcohol unit is a crucial structure in bringing about high
enantioselectivity in the present catalysis. The enan-
tioselective catalyst 1{2,2,7} contains a b-amino alcohol
unit which demonstrates the effectiveness of a diversity-

Scheme 2.
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Figure 1. Chemical yields and enantiomeric purities of 6 obtained with 1{x,y,z} (selected data).

Figure 2.

based approach in identifying a lead structure for a
given asymmetric transformation.
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