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Abstract: We report herein an efficient synthetic method for the
preparation of 2-[(2R)-arylmorpholin-2-yl]ethanol, a key inter-
mediate of neurokinin receptor antagonists. Catalytic asymmetric
cyanosilylation of ketone 3 using titanium complex 4 was employed
to introduce the required stereochemistry.
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Introduction

The neurokinins are a family of neuropeptides comprising
substance P (SP), neurokinin A (NKA) and neurokinin B
(NKB), that share the common C-terminal sequence Phe-
X-Gly-Leu-Met-NH2 in 10- or 11-amino acid residue.
Based on the different orders of potency of natural neuro-
kinins, three distinct receptor subtypes, which belong to
the G-protein-coupled 7-transmembrane superfamily,
have been identified: NK1 (SP-preferring), NK2 (NKA-
preferring) and NK3 (NKB-preferring).1 The presence of
the various forms of neurokinin in the mammalian body is
associated with a variety of biological actions such as pain
transmission, vasodilation, smooth muscle contraction,
and neurogenic inflammation. Airway inflammation and
bronchoconstriction in asthma and chronic airway ob-
structive disease continue to be the major foci of clinical
interest in neurokinin research. Based on the speculation
that combined (NK1/NK2/NK3) neurokinine receptor an-
tagonist would be of greater benefit in the treatment of
pulmonary diseases than selective antagonist, a series of

novel morpholine analogues 1 exhibited high binding
affinities for NK1, NK2 and NK3 receptors were already
reported.2 Preliminary studies indicated that the stereo-
chemistry of the 2-substituents of the morpholine ring has
great impact on the binding activity to neurokinin recep-
tor, and the (R)-configuration has been shown to be an es-
sential requirement for more potent binding affinity. An
asymmetric synthetic method using Sharpless asymmetric
dihydroxylation and the Mitsunobu reaction was also de-
veloped for preparation of 2-[(2R)-arylmorpholin-2-
yl]ethanol 2, the key intermediate of 1.3 Although this
method is useful for the preparation of an optically active
form, it is not preferable for practical synthesis because of
the toxic osmium used in the asymmetric dihydroxyla-
tion.4 Meanwhile, some of the authors have developed a
highly enantioselective catalytic cyanosilylation of ke-
tones with broad substrate generality, using a Lewis acid
Lewis base bifunctional catalyst 4 (Figure 1).5 We now
describe a new efficient route to 2 (Scheme 1) using this
catalytic asymmetric cyanosilylation as a key step.
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Results and Discussion

The synthetic procedure to the starting material of the cat-
alytic asymmetric cyanosilylation is shown in Scheme 2.
At first we synthesized ethyl 3-(3,4-dichlorophenyl)-3-
oxo propionate 6 from acid chloride 5 and potassium ethyl
malonate in 82% yield.6 The 3-oxo group of 6 was then
protected with diethylacetal and the obtained ester 7 was
reduced with LiAlH4 followed by deprotection of the ace-
tal group to obtain alcohol 8 in 72% yield (3 steps). Pro-
tection of alcohol 8 with a t-butyldimethylsilyl (TBS)
group provided a desired ketone 3 in 90% yield.

Although excellent results were obtained from a wide
range of ketones by catalytic enantioselective cyano-
silylation using 4, there have been no precedents of using
an aryl alkyl ketone having a bulky t-butyldimethylsiloxy
group at the end of the alkyl chain. Therefore, we were
pleased when we found that application of a representa-
tive procedure7 (10 mol% of catalyst 4, THF, 30 °C for 92
h) gave the product cyanohydrin trimethylsilylether 9 in
91% yield with 79% ee (Table 1, entry 1). The chemical
yield was determined after reduction to aminoalcohol 108

because of decomposition of 9 to the starting ketone in
silica gel chromatography. Enantiomeric excess was de-
termined by chiral HPLC analysis after conversion to 10

Scheme 2 Synthesis of 3
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Table 1 Catalytic Asymmetric Cyanosilylation of 3 Using Ti Complex

Entry X Time (h) Yield ee (%)

1 92 91% 79

2 92 67% 75

3 113 quant. 86

4 111 quant. 89
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and its benzamide form. Next, we tried to tune up the
ligand in this asymmetric reaction. We selected ligands,
which have an electron deficient and bulky cathecol unit
in place of the cathecol unit of 4 according to previous re-
ports.9,10 Surprisingly, the 4-benzoyl cathecol ligand,
which is the current best ligand on the Ti-system, gave 9
only in 67% yield with 75% ee (Table 1, entry 2). Then
the ligand having a naphthalene-2,3-ol unit (Table 1, entry
3) or difluoro cathecol unit (Table 1, entry 4) was used,
and chemical yields were gratifyingly improved to quan-
titative yield in both cases. Enantiomeric excesses were
also improved to 86% ee and 89% ee, respectively. Abso-
lute configuration of the product was determined to be R

after converting to the key intermediate 2. Next, to obtain
the catalyst structure-activity relationship, we changed the
Lewis acid metal of this catalyst to Gd (Table 2).11,12 In
this case the absolute configuration of the obtained 10 was
switched to an (S)-configuration as reported11 and using a
difluoro cathecol ligand, comparable enantioselectivity
was obtained to the Ti-difluoro cathecol ligand system.

Synthetic procedure from (R)-10 to the key intermediate 2
is shown in Scheme 3. Amino alcohol (R)-10 was then
condensed with chloroacetyl chloride to amide 11. Ob-
tained 11 was converted to desired key intermediate 2 af-
ter ring construction using NaOEt, reduction with borane
dimethylsulfide complex and following deprotection of

Table 2 Catalytic Asymmetric Cyanosilylation of 3 Using Gd Complex

Entry X Time (h) Yield ee (%)

1 4 quant. 81

2 3 quant. 75

3 3 quant. 86
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the TBS group with 1 N HCl. The key intermediate 2 was
obtained without any loss of enantiomeric purity from 10
and recrystallization of 2 of 89% ee from a mixture of
n-hexane and ethyl acetate yielded 2 of >99% ee in the
form of white crystals.

In summary, an efficient synthesis of the key intermediate
2 of neurokinin receptor antagonist has been achieved by
the use of a bifunctional asymmetric catalyst. Further
work in this area is now in progress.
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