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Nonenzymatic kinetic resolution of b-amino alcohols: chiral BINAP
mediated SN2 displacement of hydroxy groups by halogens through
formation of an aziridinium ion intermediate
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A series of optically active cyclic trans-b-amino alcohols
were obtained (up to 97% ee) from nonenzymatic kinetic
resolution of corresponding racemic amino alcohols using
commercially available (S)-BINAP and NCS by halogen-
ation of hydroxy groups through formation of a meso-
aziridinium ion intermediate.

Enantiopure b-amino alcohols are an important class of organic
compounds that have found much use in asymmetric synthesis1

and medicinal chemistry,2 and can be produced by reduction of
optically active a-amino acids.3 Kinetic resolution of b-amino
alcohols through enzyme-catalysed acylation or deacylation is
also one of the most efficient methods for the synthesis of chiral
b-amino alcohols.4 Nonenzymatic kinetic resolution (NKR) is
the alternative for the enzymatic process, which is considered to
be a challenging issue in organic synthesis.5,6 Very recently, we
reported the NKR of secondary alcohols by SN2 displacement of
the hydroxy groups by halogens using chiral BINAP (1).7 In

this communication, we report highly enantioselective NKR of
racemic trans-b-amino alcohols by halogenation of the hydroxy
groups through an aziridinium ion intermediate.

First, we have chosen racemic trans-2-(N-methyl-N-phenyl-
amino)cyclohexanol, (±)-trans-5, as a model substrate, which
was subjected to kinetic resolution with NCS (1 equiv.
compared to (±)-trans-5) and (S)-BINAP (0.5 equiv.) in
CH2Cl2 at room temperature [eqn. (1)]. The reaction was found

(1)

to be extremely fast with moderate selectivity. After 1 min, 41%
of optically active amino alcohol (1R,2R)-trans-58 (52% ee) and
48% of racemic trans-b-amino chloride (±)-trans-6 were
isolated. BINAP was recovered as BINAP dioxide 2 in
quantitative yield without any racemization ( > 99.9% ee),9
which can be reused after reduction.10 In this reaction, the
hydroxy group of the (1S,2S)-enantiomer of the racemic amino
alcohol was selectively replaced by chloride ion through double
SN2 reactions (intramolecular SN2 displacement of hydroxy

group by amine followed by intermolecular SN2 attack by
chloride ion) to produce racemic trans-b-amino chloride 6.

In order to improve the enantioselectivity of the kinetic
resolution, the reaction was carried out in a wide range of
solvents and the effect of other commercially available C2-
symmetric diphospine ligands were also examined (Table 1).
Comparatively the reaction was very much faster and higher
enantiomeric excess was obtained for recovered (1R,2R)-trans-
5 when the reaction was carried out in polar solvents than in
non-polar solvents. THF turned out to be the solvent of choice
among the solvents examined as it provided (1R,2R)-trans-5 in
87% ee (entry 5). When the NKR was carried out with other
commercially available C2-symmetric diphospine ligands such
as (+)-DIOP 3 and (+)-Norphos 4 the ee of (1S,2S)-trans-5
dropped to 52 and 40%, respectively (entries 8 and 9). Lowering
the reaction temperature to 210 °C–rt slightly improved the ee
to 89% but longer reaction times discouraged us from doing the
reaction at that temperature (entry 10). Surprisingly, the ee of
(1R,2R)-trans-5 dropped to 82% when the reaction was carried
out at 274 °C–rt (entry 11). We next studied the effect of other
halogenating agents such as N,N-dichlorocarbamic acid ethyl
ester, NBS, N-bromosuccinimide, and N-bromoacetamide for
the kinetic resolution of (±)-trans-5 with (S)-BINAP in THF at
room temperature. Although all the reactions proceeded
smoothly to give corresponding products, a very poor ee was
obtained for recovered (1R,2R)-trans-5 (5–12%).

Using the optimized conditions, a series of racemic cyclic
trans-b-amino alcohols11 were resolved and the results are
summarized in Table 2. When the kinetic resolution was
allowed for 60–70% conversion, excellent enantiomeric excess
was obtained for all the six- and seven-membered cyclic b-

Table 1 Effect of solvents, temperature and various diphosphine ligands in
NKR of (±)-trans-5

Entry
Diphos-
phine Solvent Time

Yield of
6 (%)a

Recovery
of 5 (%)a

Ee of
recovered
5 (%)b

1 1 Hexane 1 day 11 68 7
2 1 Benzene 30 min 47 43 38
3 1 Toluene 5 h 25 49 19
4 1 Ether 1 day 36 49 5
5 1 THF 20 min 61 27 87
6 1 CH2Cl2 1 min 48 41 52
7 1 CH3CN 1 min 57 39 55
8 3 THF 3.5 h 54 29 52c

9 4 THF 4 h 63 27 40c

10d 1 THF 10 h 60 31 89
11e 1 THF 10 h 60 33 82
a Isolated yield. b Determined by HPLC analysis using Chiralcel OD
column. c (1S,2S)-trans-5 was the major enantiomer. d Reaction temp-
erature was 210 °C–rt. e Reaction temperature was 274 °C–rt.
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tertiary amino alcohols (72–97% ee, 25–38% yield). Moderate
enantiomeric excess was obtained for the five-membered b-

amino alcohol (59% ee, entry 10). When the reaction was
carried out with an acyclic amino alcohol such as racemic 1-(N-
methyl-N-phenylamino)octadecan-2-ol, the (+)-amino alcohol
was recovered in 34% yield with poor ee (15%).12

Although at this moment the mechanism of the present
reaction is not very clear, we assume that the reaction proceeds
through an ionic phosphonium alkoxide intermediate (quater-
nary phosphonium salt) in which the amino group attacks the
alkoxide by an intramolecular SN2 reaction (neighboring group
participation) to provide meso-aziridinium ion 7. This is
followed by an intermolecular SN2 attack of meso-aziridinum
ion 7 by chloride ion to provide racemic trans-b-amino chloride
and dioxide 2 (Scheme 1). This phenomenon was supported as
the dioxide 2 was recovered after the reaction and the product b-
amino chloride was racemic with trans stereochemistry rather
than optically active with cis stereochemistry. Formation of
optically active b-amino chloride from the kinetic resolution of
acyclic amino alcohol confirms the formation of an aziridinum
ion intermediate. However, detailed mechanistic studies are
under progress.

In conclusion, we have demonstrated highly enantioselective
nonenzymatic kinetic resolution of racemic trans-b-amino
alcohols using commercially available chiral BINAP and NCS.
When the reaction was allowed for 60–70% conversion,
excellent enantiomeric excess was obtained for all cyclic b-
tertiary amino alcohols (up to 97% ee).
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Table 2 NKR of variety of cyclic b-amino alcohols with (S)-BINAP and
NCSa

Entry b-Amino alcohol Time

Recovery of
b-amino
alcohol (%)b

Ee of
recovered
b-amino
alcohol
(%)c

1 20 min 27 87

2 30 min 29 80

3 20 min 27 94

4 25 min 26 89

5 25 min 26 97

6 2 h 33 73

7 30 min 38 72

8 2 h 33 76

9d 25 min 38 72

10 15 min 25 59

11 10 min 35 86

a To a mixture of (S)-BINAP (0.125 mmol) and NCS (0.25 mmol) was
added b-amino alcohol (0.25 mmol) in THF (2 mL) at room temperature.
The white turbid reaction mixture turning to a colorless or slightly brown
homogeneous solution shows the completion of the reaction. In all the
reactions (±)-trans-b-amino chlorides were obtained in 42–69% isolated
yield. b Isolated yield (the theoretical maximum yield in a kinetic resolution
is 50%). c Determined by HPLC using chiral columns.  d 2 equiv. of NCS
were used.

Scheme 1
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