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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 In this context, the use of diphenylphosphinoyl imin&s (
enantiomerically pure aminésmuch research directed as activated substrates in combination with diethylzinc as
toward the development of catalytic enantioselective methodsthe nucleophilic reagent and an amino alcohol promoter is
for their preparation is currently underwayn addition to receiving increasing attentiérVithin this approach, Ander-
the asymmetric reduction of iminéshe enantioselective  sson and co-workers have recently reported the use of
addition of nucleophilic carbon species to derivatives theoretical calculations as a design tool for the preparation
imines stands as one of the most promising methodologiesof an efficient amino alcohol ligand for these additiéns.
for this purpose. However, many aspects of this chemistry still need to be
developed. Additions to iminga derived from benzaldehyde
T Dedicated to Prof. José Barluenga on the occasion of his 60th birthday. have been almost exclusively studied, and as a result of the
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recently introduced a dual catalytic system consisting of a ||| NG

chirg! amino alcohol, to control thg enantioselectivity ofthe 1 pe 1. Ligand Optimization in the Addition of Bn to
addition process, and a bulky silylating agent, to further pjphenyiphosphinoy! Iminda
activate the imine substrat&Ve now report on the screening

for this reaction of three families of modular amino alcohol 19314 5ayield, % cace % baee. %
ligands derived from arylethylenes (2—4). This survey has 2a 90 28 98°
led to the identification of the first ligand consistently 2b 61 222 81
exhibiting very high enantioselectivitiex 2% ee) in the sa 82 51 95¢
o . ) .y . 3b 100 78 97¢
addition of diethylzinc to a range of imine$)(of aromatic 3c 84 85 97¢
aldehydes. 3d 62 87 94¢
Amino alcohols2—4 (Figure 1) are readily available in 4a 24 53 33d

enantiomerically pure form through the regiocontrolled ring- 4b 19 48

4c 75 92 96d

_ aThe R enantiomer of5a is predominantly formed Reference 9.

¢ Reference 104 Reference 11.
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NR, = piperidir_]og' (2a) NR, = piperidino (3a) While the regioisomeric famlll_e_s of ligan@sand3 behave
NR; = 1-pyrrolidinyl (2b) Nngrgrym;g}g y(f*(g{:) almost equally well in the addition of in to benzalde-
2= 17 P . .
NR; = dimethylamino (3d) hyde1°it is clear that the presence of a chiral center adjacent
; , to the alcohol function in the ligand is necessary for high
NR', R . A, . . .
O NR'; 2 Speridno PR da enanuoselecuwty in .thg corresponding addition tq the
. y dimethylamino Ph  4b diphenylphosphinoyl iminela. In other words, the chiral
OH piperidino  CH,  4c 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.
Figure 1. Amino alcohol ligands evaluated in the present study. ~ Among amino alcohol8, the morpholino derivativéb

is particularly active in terms of yield and enantioselectivity.
Both this ligand and the 1-pyrrolidinyl derivatiax are of
practical interest for the studied process as the high crystal-
linity of the diphenylphosphinoylaminégs allows for easy
enantiomeric enrichment by simple recrystallization from
hexane/ethe®’

The highest enantioselectivity was observed with the
fluorenone-derived amino alcohals? These ligands, which
can be viewed as conformationally constrained analogues
of amino alcohol$8, exhibit similar behaviors in the additions
of Et,Zn to benzaldehyde and to its diphenylphosphinoyl
imine 1a, with ligand4c being 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 ligand¥and4, which allows

the optimization of catalytic activity and/or enantioselectivity

opening of enantiomerically pure epoxides obtained, in turn,
by Jacobsen epoxidatibof arylethylenes. Some of them
(2a? 3a—d 0 4a, and4c'?) have previously been used with
success as ligands for the enantioselective addition of
diethylzinc to aldehydes, while the remaind2b(4b) have
been specifically prepared for the present application by
reported method!!

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

o 2480|heme 1 5 o through the variation of readily assembled building blocks.
P )24 toene =6 The dual catalytic systemc/TIPSCI is among the most
apy-PPha 2) Et,Zn, 0°C, 0.5h A~ .PPhy ’ o=
Arm =N AN effective so far reported for the addition of,Fh to 1a.
3) TIPSCI, -20°C, 24h
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ey . [o] ty igher enantioselectivities are observed in the addition to
the addition of E&Zn to benzalde.hyde Ieadmg t(SX']" this substrate mediated by the 2-azabornyl-3-methanol ligands developed
phenyl-1-propanol (6a) are also given. by Andersson (see ref 6).
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In fact, when thedc/TIPSCI system was used to promote under the program Estancias Temporales de Cientificos y
the addition to imineslb—d, derived from aromatic alde-  Tecnslogos Extranjeros en Esjan

hyded3 (Table 2), the addition reactions took place with good

0OL006354C
. . - . (13) Typical Experimental Procedure. Enantioselective Addition to
Table 2. Enantioselective Addition of &Zn to Aromatic N-Diphenylphosphinoyl Imine of 2-Naphthaldehyde.Imine 1d (100 mg,
Diphenylphosphinoyl Imines Mediated #¢/TIPSCI 0.281 mmol) and ligandc (83 mg, 0.281 mmol) were dissolved in 1 mL
of anhydrous toluene under,NThe mixture was cooled at C, and 0.9
imine yield, % ee, % mL (0.9 mmol) d 1 M Et,Zn in hexanes was added dropwise. After stirring
at 0°C for 30 min, the reaction mixture was cooled-&20 °C and TIPSCI
la 75 92 (60 uL, 0.281 mmol) was added via syringe. Stirring was continued for 24
1b 73 94 h at that temperature, the reaction was then quenched with saturated aqueous
1c 70 95 NH4CI, the aqueous phase was extracted with dichloromethane 13
1d 84 94 mL), and the organic extracts were dried overn8la;. After removal of

the solvents, the residue was purified by column chromatography (2.5%
vlv triethylamine pretreated SHD eluting with hexanes/ethyl acetate
mixtures of increasing polarity (from 90:10 to 50:50) to afford 91 mg (84%
yields (70—84%) and excellent enantioselectivities _(94 yield) of 5d. The enantiomeric composition of this product was measured

. by HPLC (Chiralcel OD column, 25 cm, 3.; hexane/propan-2-ol (97:
95%). In view of these results, t&/TIPSCI system appears  3): fiow rate 1 mL/min:R-isomer tg 27.2 min andS-isomer{g 35.5 min)

as the most promising alternative so far reported for the and found to be5 (94% ee).

L - . . . . (14) The addition of diethylzinc to the diphenylphosphinoyl imine of
addition of diethylzinc to aromatic diphenylphosphinoyl cinnamaldehyde mediated by tha'TIPSCI system takes place in high yield

imines4 (91%) but with disappointingly low enantioselectivity (5%).
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