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Abstract—By fine-tuning the substituents on the nitrogen of (1S,2R) and (1R,2S)-1,2-diphenyl-2-aminoethanols, a chiral ligand 2b
was obtained, which showed excellent enantioselectivity, with up to 94% e.e, for the asymmetric addition of diethylzinc to
N-diphenylphosphinoylimines 1. In one example, the optically active amide 3c was converted into a new amine 5 with 98% e.e.
by a reaction sequence involving Suzuki coupling and hydrolysis without racemization. © 2001 Elsevier Science Ltd. All rights
reserved.

As is widely known, optically active amines play impor-
tant roles in the synthesis of natural products and
physiologically active substances.1 Moreover, optically
active amines are employed extensively as resolving
reagents2 and as chiral auxiliaries in asymmetric synthe-

sis.3 Enantioselective addition of dialkylzinc reagents to
imines is a convenient route to optically active amines.
There have been several reports of enantioselective
addition of dialkylzincs to imines employing chiral
aminoalcohols,4 polymeric chiral aminoalcohols5 and

Scheme 1. Asymmetric diethylzinc addition to N-diphenylphosphinoylimine 1a promoted by 2a–h.
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chiral dendrimers6 as ligands. Generally, conformation-
ally restricted aminoalcohols exhibit higher enantiose-
lectivity.4d,f Recently, Tomioka and co-workers
reported their work on the copper–amidophosphine
catalyzed asymmetric addition of organozincs to imines
with excellent results.7

The complexes of chiral 1,2-diphenyl-2-aminoethanol
and its derivatives have been investigated for promoting
several reactions in our laboratory, and have exhibited
high enantioselectivities in most cases.8 Prompted by
these results and the fact that the size of the substituent
on chiral aminoalcohols bonded to the nitrogen might
play an important role in the enantioselectivity,4c,d we
have proposed that highly enantioselective ligands for
asymmetric diethylzinc addition to N-diphenylphosphi-
noylimines 1 might be obtained by fine-tuning of the
substituents on the nitrogen of the chiral 1,2-diphenyl-
2-aminoethanol.

Chiral ligands 2a–h were prepared from 1,2-diphenyl-2-
aminoethanol according to the literature.9 The results
of imine 1a reacting with Et2Zn in the presence of a
stoichiometric amount of 2a–h in toluene at room
temperature10 (Scheme 1) are presented in Table 1.

It was found that the size of the substituents bonded to
the nitrogen on ligands 2 was very important for
achieving high enantioselectivity in the reactions. The
ligand (1S,2R)-2a, which is excellent for enantioselec-
tive diethylzinc addition to aldehydes,8a also directed
addition to 1a with 91% e.e. (entry 1). A slight improve-
ment on the enantioselectivity was realized when the
reaction was catalyzed by 2b. Further increase in the
steric hindrance of the substituents on nitrogen of the
chiral ligands led to a significant decrease in enantiose-
lectivity (entries 4–8). Unlike the known conformation-

ally restricted aminoalcohols,4d,f the use of nitrogen
constrained ligands 2f and 2g as promoters resulted in
a dramatic drop in both yields and enantioselectivities
(entries 7 and 8), perhaps due to the rigidity of the
pyrrolidine ring in the ligands that made it difficult for
ligand–zinc alkoxides to coordinate with the substrates.
A comparison of entries 2 and 9 shows that the configu-
ration of the product depends on the configuration of
the carbon bonded to the hydroxyl group in the lig-
ands. When the configuration of this carbon is inverted,
but that of the carbon bonded to nitrogen remained, as
shown by 2b and 2h, the configuration of the product is
inverted from R to S. The erythro ligand 2b showed
much better enantioselectivity than the threo ligand 2h.
Lowering the catalyst loading from stoichiometric to 50
mol% led to a decrease in yield, even if the reaction was
prolonged to 72 h, but the e.e. remained high (entry 3).

The optimal ligand (1R,2S)-2b was utilized for the
asymmetric addition of diethylzinc to various imines
(Scheme 2). As shown in Table 2, most of the reactions
proceeded smoothly to provide the corresponding chiral
diphenylphosphinoyl amides 3 in good yields with
enantiomeric excesses higher than 90%. The poor yield
and low e.e. of the adduct from the imine 1h may be
due to the steric hindrance imposed by the di-ortho-
substituted benzene ring (entry 8). A variety of optically
active amines may be easily obtained by acidic hydroly-
sis of the diphenylphosphinoyl amides 3.11

Through a simple Suzuki coupling,15 3c was converted
to 416 without racemization. After hydrolysis of 4, the
optically active amine 5 was obtained with 98% e.e.
(Scheme 3). This sequence of reactions provides a
promising method to synthesize a wide range of opti-
cally active amines.

Table 1. Asymmetric diethylzinc addition to N-diphenylphosphinoylimine 1a promoted by the ligands 2a–ha

Entry Ligand (equiv.) Time (h) Yield (%)b E.e. (%)c Config.d

(1S,2R)-2a (1.0)1 48 76 91 S
(1R,2S)-2b (1.0) 482 90 94 R

3 90(1R,2S)-2b (0.5) 72 67 R
R48(1R,2S)-2c (1.0)4 8972

(1R,2S)-2d (1.0) 485 75 88 R
6 (1R,2S)-2e (1.0) 48 91 85 R
7 (1R,2S)-2f (1.0) 48 65 80 R

(1R,2S)-2g (1.0) 488 69 78 R
(1S,2S)-2h (1.0) 48 92 40 S9

a Molar ratio 1a:Et2Zn:2=1:4:0.5–1
b Isolated yield.
c Determined by HPLC analysis on a chiral column (Chiralcel OD).
d Determined by comparison of the retention time with the literature.4

Scheme 2. Asymmetric diethylzinc addition to N-diphenylphosphinoylimines 1a–h promoted by 2b.
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Table 2. Asymmetric diethylzinc addition to N-diphenylphosphinoylimine 1a–h promoted by the ligand 2b

Entry ImineAr Adduct Yield (%) E.e. (%)a

1a 3a1 90C6H5- 94
1b 3b 84 922 p-ClC6H4-
1c 3cp-BrC6H4- 903 91(96)b

1d 3d4 59p-CH3OC6H4- 93
5 1e 933e12 86

1f 3f6 79p-CH3C6H4- 94
1g7 3g13m-CH3C6H4- 90 92
1h 3h14 222,4,6-tri CH3C6H2- 768

a Determined by HPLC analysis on a chiral column (Chiralcel OD or Chiralcel AD).
b E.e was obtained after recrystallization.

Scheme 3. Preparation of chiral amine 5 from 3c by a reaction sequence of Suzuki coupling and hydrolysis.

In summary, we have demonstrated the use of a series
of N,N-dialkyl-1,2-diphenyl-2-aminoethanols for the
asymmetric addition of diethylzinc to N-diphenylphos-
phinoylimines. The chiral ligand 2b which is effective in
asymmetric induction was obtained by fine-tuning of
the substituents bonded to the nitrogen on the chiral
aminoalcohols. The configuration of the product
depended upon the configuration of the carbon bonded
to the hydroxyl group in the ligand. Further conversion
of N-(1-p-bromophenylpropyl)-P,P-diphenylphosphi-
noylamide to optically active 1-p-phenylphenylpropyl-
amine, without racemization, by a reaction sequence
involving a Suzuki coupling and hydrolysis provided a
potentially facile method to synthesize a wide range of
chiral amines.
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