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UniVersitat de Barcelona, c/Martı´ i Franquès 1-11, E-08028 Barcelona, Spain

mapericas@qo.ub.es

Received July 20, 2000

ABSTRACT

Arylethylene-derived, enantiomerically pure amino alcohols have been evaluated as ligands for the dual-catalyzed (amino alcohol/halosilane)
enantioselective addition of diethylzinc to diphenylphosphinoyl imines. Among them, the conformationally restricted 9-fluorenone-derived
ligand 4c provides the highest enantioselectivities so far reported over a range of substrate imines.

In response to the increasing industrial importance of
enantiomerically pure amines,1 much research directed
toward the development of catalytic enantioselective methods
for their preparation is currently underway.2 In addition to
the asymmetric reduction of imines,3 the enantioselective
addition of nucleophilic carbon species to derivatives4 of
imines stands as one of the most promising methodologies
for this purpose.

In this context, the use of diphenylphosphinoyl imines (1)
as activated substrates in combination with diethylzinc as
the nucleophilic reagent and an amino alcohol promoter is
receiving increasing attention.5 Within this approach, Ander-
sson and co-workers have recently reported the use of
theoretical calculations as a design tool for the preparation
of an efficient amino alcohol ligand for these additions.6

However, many aspects of this chemistry still need to be
developed. Additions to imine1aderived from benzaldehyde
have been almost exclusively studied, and as a result of the
poor electrophilic character of diphenylphosphinoyl imines,
excess dialkylzinc reagent (up to 300%), stoichiometric
amounts of amino alcohol ligand, and very prolonged
reaction times are normally required to ensure high conver-
sion and enantioselectivity. To solve this problem, we have
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recently introduced a dual catalytic system consisting of a
chiral amino alcohol, to control the enantioselectivity of the
addition process, and a bulky silylating agent, to further
activate the imine substrate.7 We now report on the screening
for this reaction of three families of modular amino alcohol
ligands derived from arylethylenes (2-4). This survey has
led to the identification of the first ligand consistently
exhibiting very high enantioselectivities (g92% ee) in the
addition of diethylzinc to a range of imines (1) of aromatic
aldehydes.

Amino alcohols2-4 (Figure 1) are readily available in
enantiomerically pure form through the regiocontrolled ring-

opening of enantiomerically pure epoxides obtained, in turn,
by Jacobsen epoxidation8 of arylethylenes. Some of them
(2a,9 3a-d,10 4a, and4c11) have previously been used with
success as ligands for the enantioselective addition of
diethylzinc to aldehydes, while the remainder (2b, 4b) have
been specifically prepared for the present application by
reported methods.9,11

In a preliminary stage of this study, the different ligands
2-4 were tested in conjunction with triisopropylsilyl chlo-
ride7 for the addition of diethylzinc to imine1a leading to
amine5a (Scheme 1), to determine optimal ligand charac-
teristics.

Yields and enantioselectivities recorded with these ligands
have been collected in Table 1. For comparison purposes,
the enantioselectivities observed with the same ligands in
the addition of Et2Zn to benzaldehyde leading to (S)-1-
phenyl-1-propanol (6a) are also given.

While the regioisomeric families of ligands2 and3 behave
almost equally well in the addition of Et2Zn to benzalde-
hyde,9,10 it is clear that the presence of a chiral center adjacent
to the alcohol function in the ligand is necessary for high
enantioselectivity in the corresponding addition to the
diphenylphosphinoyl imine1a. In other words, the chiral
information contained in that fragment of the ligand molecule
is much more efficiently transmitted to the reacting imine
than that contained near the amino group in the ligand.

Among amino alcohols3, the morpholino derivative3b
is particularly active in terms of yield and enantioselectivity.
Both this ligand and the 1-pyrrolidinyl derivative3c are of
practical interest for the studied process as the high crystal-
linity of the diphenylphosphinoylamines5 allows for easy
enantiomeric enrichment by simple recrystallization from
hexane/ether.5a,7

The highest enantioselectivity was observed with the
fluorenone-derived amino alcohols4.12 These ligands, which
can be viewed as conformationally constrained analogues
of amino alcohols3, exhibit similar behaviors in the additions
of Et2Zn to benzaldehyde and to its diphenylphosphinoyl
imine1a, with ligand4cbeing optimal for both applications
in terms of catalytic activity and enantioselectivity. The
results in Table 1 clearly demonstrate the validity of the
modular design principle in ligands3 and4, which allows
the optimization of catalytic activity and/or enantioselectivity
through the variation of readily assembled building blocks.

The dual catalytic system4c/TIPSCl is among the most
effective so far reported for the addition of Et2Zn to 1a.
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Figure 1. Amino alcohol ligands evaluated in the present study.

Scheme 1

Table 1. Ligand Optimization in the Addition of Et2Zn to
Diphenylphosphinoyl Imine1a

ligand 5a yield, % 5a ee, % 6a ee, %

2a 90 2a 98b

2b 61 22a 81
3a 82 51 95c

3b 100 78 97c

3c 84 85 97c

3d 62 87 94c

4a 24 53 33d

4b 19 48
4c 75 92 96d

a The R enantiomer of5a is predominantly formed.b Reference 9.
c Reference 10.d Reference 11.
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Accordingly, we expected that good results could also be
obtained in the addition to other diphenylphosphinoyl imines
1. Achievement of high enantioselectivities in these reactions
is still a largely unresolved problem.

In fact, when the4c/TIPSCl system was used to promote
the addition to imines1b-d, derived from aromatic alde-
hydes13 (Table 2), the addition reactions took place with good

yields (70-84%) and excellent enantioselectivities (94-
95%). In view of these results, the4c/TIPSCl system appears
as the most promising alternative so far reported for the
addition of diethylzinc to aromatic diphenylphosphinoyl
imines.14
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(13)Typical Experimental Procedure. Enantioselective Addition to
N-Diphenylphosphinoyl Imine of 2-Naphthaldehyde.Imine1d (100 mg,
0.281 mmol) and ligand4c (83 mg, 0.281 mmol) were dissolved in 1 mL
of anhydrous toluene under N2. The mixture was cooled at 0°C, and 0.9
mL (0.9 mmol) of 1 M Et2Zn in hexanes was added dropwise. After stirring
at 0°C for 30 min, the reaction mixture was cooled at-20 °C and TIPSCl
(60 µL, 0.281 mmol) was added via syringe. Stirring was continued for 24
h at that temperature, the reaction was then quenched with saturated aqueous
NH4Cl, the aqueous phase was extracted with dichloromethane (3× 15
mL), and the organic extracts were dried over Na2SO4. After removal of
the solvents, the residue was purified by column chromatography (2.5%
v/v triethylamine pretreated SiO2) eluting with hexanes/ethyl acetate
mixtures of increasing polarity (from 90:10 to 50:50) to afford 91 mg (84%
yield) of 5d. The enantiomeric composition of this product was measured
by HPLC (Chiralcel OD column, 25 cm, 30°C.; hexane/propan-2-ol (97:
3); flow rate 1 mL/min;R-isomer,tR 27.2 min andS-isomer,tR 35.5 min)
and found to beS (94% ee).

(14) The addition of diethylzinc to the diphenylphosphinoyl imine of
cinnamaldehyde mediated by the4a/TIPSCl system takes place in high yield
(91%) but with disappointingly low enantioselectivity (5%).

Table 2. Enantioselective Addition of Et2Zn to Aromatic
Diphenylphosphinoyl Imines Mediated by4c/TIPSCl

imine yield, % ee, %

1a 75 92
1b 73 94
1c 70 95
1d 84 94
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