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CHIRAL TERTIARY
AMINOALKYLNAPHTHOLS

This application claims benefit of U.S. Provisional Appli-
cation 60/552,785, filed Mar. 12, 2004.

BACKGROUND OF THE INVENTION

Asymmetric catalysis is one of the most powerful methods
for accessing a wide range of enantiomerically enriched com-
pounds through the action of a chiral catalyst in a variety of
asymmetric reactions. In the last few years, catalytic asym-
metric alkylation of carbonyl compounds, especially alde-
hydes, has achieved substantial interest due to employment of
organozinc reagents in the presence of a variety of chiral
ligands such as f-amino alcohols, amino thiols and pyridyl
alcohols (review by Pu and Yu, Chem. Rev. 2001, 101, 757-
824). Such asymmetric organozinc additions allow the syn-
thesis of many chiral alcohols that are valuable precursors for
the manufacture of pharmacologically and biologically active
compounds.

More recently, a practical application of easily accessible
chiral secondary and tertiary aminoalkylnaphthols in asym-
metric addition of diethylzinc to aromatic aldehydes has been
reported by Liu et al., Org. Lett. 2001, 3, 2733-2735, and by
Palmieri et al., Tetrahedron: Asymmetry 2002, 13, 2417-
2426. Similarly, a convenient protocol for the asymmetric
alkenylation of aldehydes employing a tertiary aminoalkyl-
naphthol ligand has been described by Chan et al., J. Org.
Chemistry 2003, 68, 1589-1590.

However, compared to the well established enantioselec-
tive alkylations of aldehydes, the corresponding aryl transfer
reactions have not yet reached a high level of utility. Up to
now, ligands which have been successfully applied to cata-
lyze aryl transfer reactions with high enantiomeric excess
(ee) are relatively rare and difficult to manufacture, e.g., cata-
lysts based upon ligands with planar chirality such as the
ferrocene derivative shown below.

Thus, the development of other types of effective chiral
ligands is an important challenge in the area of catalytic aryl
transfer reactions, in particular, chiral ligands which are
highly selective and synthetically easily accessible.

SUMMARY OF THE INVENTION

The present invention relates to compounds of the formula
@
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2

wherein

R, is optionally substituted lower alkyl or aralkyl;

R, is optionally substituted lower alkyl;

R; and R, are independently hydrogen, halo, lower alkyl,
alkoxy or trifluoromethyl; or

R; and R, combined together with the carbon atoms to
which they are attached form an optionally substituted fused
6-membered aromatic ring provided that R; and R, are
attached to carbon atoms adjacent to each other;

R, is hydrogen, lower alkyl, lower alkoxy or halo;

Rg and R, are hydrogen; or

R and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aromatic
ring;
provided that

(1) R;, Ry, R, Ry and R, are not hydrogen when R, is
methyl, ethyl, pentyl, allyl, 3-buten-1-yl, benzyl or phenethyl
and R, is methyl; or

(i) R, R4, Rg and R, are not hydrogen when R, and R, are
methyl and Ry is methyl located at the 4-position;

or an enantiomer thereof’; or an enantiomeric mixture thereof.

The compounds of formula (I) are chiral tertiary ami-
noalkylnaphthols and may be employed as chiral ligands in
asymmetric catalysis of organozinc additions to carbonyl
compounds, in particular, in catalytic aryl transfer reactions
to aromatic aldehydes. The compounds of the present inven-
tion are easily accessible in high diastereomeric and enantio-
meric purity according to the methods disclosed herein.

Other objects, features, advantages and aspects of the
present invention will become apparent to those skilled in the
art from the following description and appended claims. It
should be understood, however, that the following descrip-
tion, appended claims, and specific examples, while indicat-
ing preferred embodiments of the invention, are given by way
of'illustration only. Various changes and modifications within
the spirit and scope of the disclosed invention will become
readily apparent to those skilled in the art from reading the
following.

DETAILED DESCRIPTION OF THE INVENTION

Listed below are definitions of various terms used to
describe the compounds of the present invention. These defi-
nitions apply to the terms as they are used throughout the
specification unless they are otherwise limited in specific
instances either individually or as part of a larger group.

The term “optionally substituted alkyl” refers to unsubsti-
tuted or substituted straight- or branched-chain hydrocarbon
groups having 1-20 carbon atoms, preferably 1-7 carbon
atoms. Exemplary unsubstituted alkyl groups include methyl,
ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, pentyl,
neopentyl, hexyl, isohexyl, heptyl, octyl and the like. Substi-
tuted alkyl groups include, but are not limited to, alkyl groups
substituted by one or more of the following groups: halo,
hydroxy, alkoxy, carboxy, amino, alkylamino, dialkylamino,
cycloalkyl, alkenyl, or heterocyclyl.

The term “lower alkyl” refers to those optionally substi-
tuted alkyl groups as described above having 1-7, preferably
1-4 carbon atoms.

The term “alkoxy” refers to optionally substituted alkyl-
o—.

The term “alkenyl” refers to any of the above alkyl groups
having at least two carbon atoms and further containing a
carbon to carbon double bond at the point of attachment.
Groups having 2 to 4 carbon atoms are preferred.
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The term “halogen”, “halide” or “halo” refers to fluorine,
chlorine, bromine and iodine.

The term “cycloalkyl” refers to optionally substituted
monocyclic aliphatic hydrocarbon groups of 3-6 carbon
atoms, which may be substituted by one or more substituents,
such as alkyl, alkoxy or halo.

Exemplary monocyclic hydrocarbon groups include, but
are not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and the like.

The terms “alkylamino” and “dialkylamino” refer to alkyl-
NH— and (alkyl),N—, respectively.

The term “aryl” refers to a phenyl group, which may
optionally be substituted by 1-4 substituents, such as option-
ally substituted alkyl, cycloalkyl, halo or alkoxy.

The term “aralkyl” refers to an aryl group bonded directly
through an alkyl group, such as benzyl or phenethyl.

The term “heterocyclyl” or “heterocyclo” refers to an
optionally substituted, fully saturated or unsaturated, aro-
matic or non-aromatic cyclic group, for example, which is a
4- to 7-membered monocyclic, 7- to 12-membered bicyclic,
or 10- to 15-membered tricyclic ring system, which has at
least one heteroatom in at least one carbon atom containing
ring. Each ring of the heterocyclic group containing a het-
eroatom may have 1, 2 or 3 heteroatoms selected from nitro-
gen atoms, oxygen atoms and sulfur atoms, where the nitro-
gen and sulfur heteroatoms may also optionally be oxidized.
The heterocyclic group may be attached at a heteroatom or a
carbon atom.

Exemplary monocyclic heterocyclic groups include pyrro-
lidinyl, pyrrolyl, pyrazolyl, oxetanyl, pyrazolinyl, imida-
zolyl, triazolyl, imidazolinyl, imidazolidinyl, oxazolyl,
oxazolidinyl, isoxazolinyl, isoxazolyl, thiazolyl, thiadiaz-
olyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, furyl, tet-
rahydrofuryl, thienyl, oxadiazolyl, piperidinyl, piperazinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl,
2-oxoazepinyl, azepinyl, 4-piperidonyl, pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, tetrahydropyranyl, morpholinyl,
thiamorpholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl
sulfone and the like.

Exemplary bicyclic heterocyclic groups include indolyl,
dihydroidolyl, benzothiazolyl, benzoxazinyl, benzoxazolyl,
benzothienyl, benzothiazinyl, quinuclidinyl, quinolinyl, tet-
rahydroquinolinyl, decahydroquinolinyl, isoquinolinyl, tet-
rahydroisoquinolinyl, decahydroisoquinolinyl, benzimida-
zolyl, benzopyranyl, indolizinyl, benzofuryl, chromonyl,
coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, inda-
zolyl, pyrrolopyridyl, furopyridinyl (such as furo[2,3-c]py-
ridinyl, furo[3,2-b]-pyridinyl] or furo[2,3-b]pyridinyl), dihy-
droisoindolyl, dihydroquinazolinyl (such as 3,4-dihydro-4-
oxo-quinazolinyl), phthalazinyl and the like.

Exemplary tricyclic heterocyclic groups include carba-
zolyl, dibenzoazepinyl, dithienoazepinyl, benzindolyl,
phenanthrolinyl, acridinyl, phenanthridinyl, phenoxazinyl,
phenothiazinyl, xanthenyl, carbolinyl and the like.

The term “heterocyclyl” includes substituted heterocyclic
groups. Substituted heterocyclic groups refer to heterocyclic
groups substituted with 1, 2 or 3 substituents selected from
the group consisting of:

(a)
(®
©
(d)
(e)
®

alkyl;

hydroxy;

halo;

oxo (i.e. = 0);

amino, alkylamino or dialkylamino;
alkoxy;
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-continued

(g) cycloalkyl;

(h) nitro;

(i) alkylthio; and

) aryl substituted with alkyl, cycloalkyl, alkoxy, hydroxy, amino,

alkylamino, dialkylamino or halo.

As described herein above, the present invention relates to
compounds of formula (I), to methods for their preparation,
and to use of such compounds in asymmetric catalysis. Com-
pounds of the present invention are particularly useful when
employed as chiral ligands in asymmetric catalysis of orga-
nozinc additions to carbonyl compounds. The compounds of
formula (1) are particularly useful as chiral ligands in catalytic
enantioselective aryl transfer reactions to aromatic alde-
hydes.

When required, protecting groups may be introduced to
protect the functional groups present from undesired reac-
tions with reaction components under the conditions used for
carrying out a particular chemical transformation of the
present invention. The need and choice of protecting groups
for aparticular reaction is known to those skilled in the art and
depends on the nature of the functional group to be protected
(amino, hydroxy etc.), the structure and stability of the mol-
ecule of which the substituent is a part and the reaction con-
ditions.

Well-known protecting groups that meet these conditions
and their introduction and removal are described, for
example, in McOmie, “Protective Groups in Organic Chem-
istry”, Plenum Press, London, NY (1973); Greene and Wuts,
“Protective Groups in Organic Synthesis”, John Wiley and
Sons, Inc., NY (1999).

Preferred are compounds of formula (I) wherein

R; and R, combined together with the carbon atoms to
which they are attached form an optionally substituted fused
6-membered aromatic ring provided that R; and R, are
attached to carbon atoms adjacent to each other;

or an enantiomer thereof’; or an enantiomeric mixture thereof.
Further preferred are the compounds of formula (I) having
the formula

as)

Ry

wherein

R, is optionally substituted C, ,alkyl;

R, is methyl;

Rs is hydrogen;

Rg and R, are hydrogen; or

R and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aromatic
rnng;

or an enantiomer thereof’; or an enantiomeric mixture thereof.
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Preferred are the compounds of formula (IA) wherein
Rg and R, are hydrogen;

or an enantiomer thereof’; or an enantiomeric mixture thereof.
Further preferred are the compounds of formula (IA)
wherein
R, is methyl;

or an enantiomer thereof’; or an enantiomeric mixture thereof.

The compounds of the present invention preferably have an
optical purity of at least 90% ee, more preferably at least 95%
ee, and most preferably at least 98% ee.

The compounds of formula (I) may be prepared as
described by Palmieri et al., Tetrahedron: Asymmetry 2002,
13, 2417-2426. Alternatively, the compounds of formula (I)
may be obtained by a highly stereoselective one-step, three
component Mannich-type reaction as described by Chan et
al., J. Org. Chemistry 2003, 68, 1589-1590. For example, an
aldehyde of the formula

an

CHO

wherein R, and R, are independently hydrogen, halo, lower
alkyl, alkoxy or trifluoromethyl; or R; and R, combined
together with the carbon atoms to which they are attached
form an optionally substituted fused 6-membered aromatic
ring provided that R; and R, are attached to carbon atoms
adjacent to each other; and R is hydrogen, lower alkyl, lower
alkoxy or halo; may be condensed simultaneously with a
naphthol of the formula

(1)
oH

and an amine of the formula

av

Ry

wherein R, is optionally substituted lower alkyl or aralkyl; R,
is optionally substituted lower alkyl; and R4 and R, are hydro-
gen; or R and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aromatic
ring; or an enantiomer thereof; or an enantiomeric mixture
thereof; to afford a compound of formula (I) wherein R, R,,
R;, R4, R, Ry and R, have meanings as defined herein above.
Compounds of formula (II) and formula (IV) are known, or if
they are novel they may be prepared using methods well
known in the art.
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As described by Chan et al., J. Org. Chemistry 2003, 68,
1589-1590, the above condensation is preferably conducted
without an intrinsic solvent at a temperature ranging from
room temperature (RT) to about 95° C. to afford compounds
of formula (I) exclusively as a single diasterecomer. The molar
ratio of an aldehyde of formula (II) to a naphthol of formula
(III), and the molar ratio an amine of formula (IV) to a
naphthol of formula (III) originally present in the reaction
mixture preferably ranges from about 0.5:1 to about 2:1 and
from about 0.5:1.to about 2:1, respectively. A compound of
formula (I) may then be isolated as a single stereoisomer by
simply adding a lower alcohol, preferably methanol (MeOH),
to the crude reaction mixture to initiate precipitation of the
product which may be used as such without further purifica-
tion in the following organozinc additions. The operational
simplicity involved, as well as the inexpensive reagents make
this synthetic methodology suitable for a large-scale prepa-
ration.

As described herein above, the compounds of formula (I)
are chiral tertiary aminoalkylnaphthols and may be employed
as chiral ligands in asymmetric catalysis of organozinc addi-
tions to carbonyl compounds. In other words, the present
invention provides methods for converting a carbonyl com-
pound to a chiral alcohol in the presence of a suitable orga-
nozinc reagent and a compound of the formula

@

wherein

R, is optionally substituted lower alkyl or aralkyl;

R, is optionally substituted lower alkyl;

R; and R, are independently hydrogen, halo, lower alkyl,
alkoxy or trifluoromethyl; or

R; and R, combined together with the carbon atoms to
which they are attached form an optionally substituted fused
6-membered aromatic ring provided that R; and R, are
attached to carbon atoms adjacent to each other;

Rs is hydrogen, lower alkyl, lower alkoxy or halo;

Ry and R, are hydrogen; or

R and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aromatic
rnng;
provided that

(1) R;, Ry, Ry, Ry and R, are not hydrogen when R, is
methyl, ethyl, pentyl, allyl, 3-buten-1-yl, benzyl or phenethyl
and R, is methyl; or

(i) R;, R,, Rgand R, are not hydrogen when R, and R, are
methyl and Ry is methyl located at the 4-position;

or an enantiomer thereof’; or an enantiomeric mixture thereof.
Effective are the methods of the present invention, wherein

R; and R, combined together with the carbon atoms to
which they are attached form an optionally substituted fused
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6-membered aromatic ring provided that R; and R, are
attached to carbon atoms adjacent to each other;

or an enantiomer thereof’; or an enantiomeric mixture thereof.
Particularly effective are the methods of the present inven-

tion, wherein a compound of formula (I) has the formula
aa)

Rs

==

Ry

wherein

R, is optionally substituted C, _,alkyl;

R, is methyl;

Rs is hydrogen;

R4 and R, are hydrogen; or

Ry and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aromatic
ring;
or an enantiomer thereof; or an enantiomeric mixture thereof.

Especially effective are the methods of the present inven-
tion, wherein

Rg and R, are hydrogen;

or an enantiomer thereof’; or an enantiomeric mixture thereof.
Advantageous are the methods of the present invention,
wherein
R, is methyl;

or an enantiomer thereof’; or an enantiomeric mixture thereof.

In a particular embodiment of the present invention the
carbonyl compound is an aromatic aldehyde which according
to the methods of the present invention is converted to a chiral
diarylmethanol.

Generally, the organozinc additions, in particular the aryl
transfer reactions to aromatic aldehydes, according to the
present invention may be carried out in an inert organic sol-
vent such as toluene, hexane, pentane, tetrahydrofuran
(THF), or a mixture of solvents thereof. Preferably, the orga-
nozinc additions are conducted in toluene at a temperature
ranging from about —45° C. to about 40° C. More preferably,
the reaction temperature ranges from about —-15° C. to about
0° C. The molar ratio of the compound of formula (I) to the
carbonyl compound initially present in the reaction mixture
ranges preferably from about 0.05:1 to about 0.3:1. More
preferably, the molar ratio is about 0.16:1. Preferably, the
molar ratio of the organozinc reagent to the carbonyl com-
pound initially present in the reaction mixture is about 2:1.

If desired, the organozinc additions, in particular the aryl
transfer reactions to aromatic aldehydes, may be carried out
in the presence of a polyether such as dimethoxypolyethylene
glycol (DIMPEG). Preferably, the molar ratio of the polyether
to the carbonyl compound initially present in the reaction
mixture ranges from about 0.05:1 to about 0.2:1. More pref-
erably, the molar ratio is about 0.1:1.

The organozinc reagents applicable to the methods of the
present invention are known, or if they are novel they may be
prepared using methods well known in the art. For example,
as described herein in the illustrative Examples, organozinc
reagents may be generated, preferably in situ, by reacting a
compound of the formula

RgB(OH), ™
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wherein Ry represents aryl; with an excess of dimethyl zinc
(ZnMe,) or diethyl zinc (ZnEt,) in an inert organic solvent
such as toluene, hexane, pentane, THF, or a mixture of sol-
vents thereof. Preferably, the reaction is conducted in toluene
at a temperature of about 60° C. for a period of time required
to convert a compound of formula (V) to the desired orga-
nozinc reagent; e.g., about 10-15 h. The reaction mixture may
then be cooled to a temperature ranging from about-15° C. to
RT, preferably the reaction mixture is cooled to about 0° C.,
and then treated with a compound of formula (i). The reaction
temperature may be further adjusted as desired prior to addi-
tion of the carbonyl compound. Preferably, the carbonyl com-
pound is an aromatic aldehyde which is added to the reaction
mixture at about —15° C. The molar ratio of the compound of
formula (V) originally present in the reaction mixture to the
carbonyl compound subsequently added to the reaction mix-
ture is preferably about 2:1.

The effectiveness of the methods of the present invention is
illustrated in Table 1 for asymmetric phenyl transfer reactions
to various substituted benzaldehydes catalyzed by a com-
pound of formula (I) having the formula

(IB)

or

O )

o

Me

A number of chiral diarylmethanol may be produced in
high ee values and chemical yields. In most cases, the com-
pound of formula (IB) as the catalyst (Methods A and C)
demonstrates higher enantioselectivities than the compound
of formula (IC) (Method B). When ZnMe, (Method C) in
toluene is used to generate the phenyl transfer reagent with
phenylboronic acid (PhB(OH),) instead of ZnEt, (Method
A), similar ee values are obtained but with lower chemical
yields under otherwise identical reaction conditions (see
entries 8 and 11). For ortho-substituted benzaldehydes, a
catalyst loading of 8 mol % of (IB) is sufficient to achieve the
same level of ee in comparison with that obtained using 16
mol % of (IB) (see entries 2 and 1). Interestingly, different
from the trends that have been previously reported in the art,
ortho-substituted benzaldehydes are obtainable in higher ee
values than other substrates under the catalysis of (IB).

As the data in Table 1 illustrates, compounds of formula (I)
may be employed as highly efficient chiral ligands in asym-
metric phenyl transfer reactions. Furthermore, the simple
synthetic protocol applicable to the preparation of com-
pounds of formula (I) provides an excellent opportunity for
large-scale applications.
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TABLE 1

Catalytic Asymmetric Phenyl Transfer to Aromatic Aldehydes®

CHO
o
R
/
PhB(OH),/ZnEt;, DIMPEG (10 mol %)
catalyst (IB) or (IC)
Toluene, -15°C., 15 h
OH
x
—R
/
entry R cat., mol % yield (%)° ee (%) config.?
1 0-Cl (IB), 16 92.5 97.3 R
2 o-Cl (IB), 8 91.1 96.9 R
3 o-Cl (I0), 8 91.3 943 R
4 o-F (IB), 8 92.6 97.2 R
5 o-Br (IB), 8 9.8 96.7 R
6 o-Br (I0), 8 90.2 95.3 R
7 0-OMe (IB), 8 93.4 96.1 R
8¢ 0-OMe (IB), 8 86.6 97.0 R
9 0-OMe (1C), 8 92.7 94.3 R
10 o-Me (IB), 8 93.6 98.9 R
11¢ o-Me (IB), 8 89.5 99.0 R
12 o-Me (1C), 8 93.1 97.1 R
13 m-Me (IB), 16 86.5 94.6 R
14 m-Me (10), 16 83.4 92.1 R
15 p-Cl (IB), 16 90.2 94.1 R
16 p-Cl (IB), 8 88.7 91.9 R
17 p-Cl (I0), 8 85.2 88.4 R
18 p-Br (IB), 16 90.1 93.7 R
19 p-Br (I0), 16 91.6 91.1 R
20 p-Me (IB), 16 93.2 943 R
21 p-Me (I0), 16 91.5 90.5 R

“2.0 eq. of Ph(OH), and 6.5 eq. of ZnEt, are employed to produce the phenyl

transfer reagent as described in the illustrative Examples (Methods A and B).
®Isolated yields.

“Determined by chiral HPLC analysis.
9The absolute configuration is assigned by comparison of the HPLC peak

elution order with known data.
€ZnMe, is used instead of ZnEt, (Method C).

The following Examples are intended to further illustrate
the invention and are not to be construed as being limitations
thereon. If not mentioned otherwise, all evaporations are per-
formed under reduced pressure, preferably between about 5
and 50 mmHg. The structure of products and starting mate-
rials is confirmed by standard analytical methods, e.g.,
microanalysis, melting point, high pressure liquid chroma-
tography (HPLC) and spectroscopic characteristics, e.g., MS,
IR, NMR. Abbreviations used are those conventional in the

art.
EXAMPLE 1

1-{(S)-[Methyl-((S)-1-phenyl-ethyl)-amino]-naph-
thalen-1-yl-methyl}-naphthalen-2-o0l

B)

Me

O //II".
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1-Naphthaldehyde (2.7 mL, 20 mmol), (S)-(-)-N,a-
dimetylbenzylamine (2.60 g, 19 mmol) and 2-naphthol (2.43
g, 16 mmol) are charged into a 25 mL flask with a magnetic
stirring bar. The mixture is heated to 85° C. and stirred for 72
h. After the system is cooled to RT, MeOH (5 mL) is added
and the precipitated product is collected by filtration, washed
with MeOH (5 mL) and dried to afford 1-{(S)-[methyl-((S)-
1-phenyl-ethyl)-amino]-naphthalen-1-yl-methyl}-naphtha-
len-2-0l as white crystals (about 51% yield): "H NMR (500
MHz, CDCl,) 8 14.01 (brs, 1H), 7.77-7.02 (m, 18H), 6.45 (s,
1H), 4.40 (brs, 1H), 1.95 (s,3H), 1.65 (brs, 3H); MS (E)) m/z
(rel intensity) 418 (M*+1), 283, 141, 136; HRMS (EI) Caled
for C;oH,sNO (M*+1): 418.2171, found 418.2135.

EXAMPLE 2
(Method A)
(R)-(2-Chlorophenyl)phenylmethanol

OH Cl

PhB(OH), (122 mg, 1.0 mmol) and ZnEt, (334 pL, 3.25
mmol) in toluene (1 mL) is charged to a 10 mL flask under a
nitrogin atmosphere. This mixture is heated to 60° C. and
stirred for 10 h with a magnetic stirrer. Then the mixture is
cooled to 0° C. and the title compound of Example 1, 1-{(S)-
[methyl-((S)-1-phenyl-ethyl)-amino]-naphthalen-1-yl-me-
thyl}-naphthalen-2-0l (16.7 mg, 0.04 mmol) in toluene (0.5
ml) and DIMPEG (100 mg, 0.05 mmol) in toluene (0.5 mL)
are added. After stirring for additional 15 min, the solution is
cooled to -15° C. and 2-chlorobenzaldehyde (70.0 mg, 0.5
mmol) in toluene (1 mL) is added. After stirring 15 h at -15°
C., the reaction is quenched with 1 N hydrochloric acid (HCI,
2 mL) and the mixture is extracted with ethyl acetate (EtOAc,
5mlL), dried over anhydrous sodium sulfate (Na,SO,) and the
solvent is removed in vacuo. The purification of the residue by
flash chromatography (EtOAc/hexane, 1:10) gives (R)-(2-
chlorophenyl)phenylmethanol in about 96.9% ee and about
91.1% vyield (the ee value is determined by HPLC using a
Chiralcel OB-H column).

EXAMPLE 3
(Method B)
(R)-(2-Chlorophenyl)phenylmethanol
OH Cl

PhB(OH), (122 mg, 1.0 mmol) and ZnEt, (334 pL, 3.25
mmol) in toluene (1 mL) is charged to a 10 mL flask under a
nitrogin atmosphere. This mixture is heated to 60° C. and
stirred for 10 h with a magnetic stirrer. Then the mixture is
cooled to 0° C. and 1-{(S)-[methyl-((S)-1-phenyl-ethyl)-
amino]-phenyl-methyl}-naphthalen-2-01 ~ (prepared  as
described by Chan et al., J. Org. Chemistry 2003, 68, 1589-
1590; 14.7 mg, 0.04 mmol) in toluene (0.5 mL.) and DiMPEG
(100 mg, 0.05 mmol) in toluene (0.5 mL) is added. After
stirring for additional 15 min, the solution is cooled to —15° C.
and 2-chlorobenzaldehyde (70.0 mg, 0.5 mmol) in toluene (1
ml) is added. After stirring 15 h at —=15° C., the reaction is
quenched with 1 N HCI (2 mL) and the mixture is extracted
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with EtOAc (5 mL), dried over anhydrous Na,SO, and the
solvent is removed in vacuo. The purification of the residue by
flash chromatography (EtOAc/hexane, 1:10) gives (R)-(2-
chlorophenyl)-phenylmethanol in about 94.3% ee and about
91.3% yield (the ee value is determined by HPLC using a
Chiralcel OD-H column).

EXAMPLE 4
(Method C)
(R)-(2-Chlorophenyl)phenylmethanol

OH

PhB(OH), (122 mg, 1.0 mmol) and ZnMe, (2.0 M solution
in toluene, 1.6 ml)) is charged to a 10 mL flask under a
nitrogin atmosphere. This mixture is heated to 50° C. and
stirred for 8 h with a magnetic stirrer. Then the mixture is
cooled to 0° C. and the title compound of Example 1, 1-{(S)-
[methyl-((S)-1-phenyl-ethyl)-amino]-naphthalen-1-yl-me-
thyl}-naphthalen-2-0l (16.7 mg, 0.04 mmol) in toluene (0.5
mL) and DIMPEG (100 mg, 0.05 mmol) in toluene (0.5 mL)
are added. After stirring for additional 15 min, the solution is
cooled to -15° C. and 2-chlorobenzaldehyde (70 mg, 0.5
mmol) in toluene (1 mL) is added. After stirring 15 h at -15°
C., the reaction is quenched with 1 N HCI (2 mL) and the
mixture is extracted with EtOAc (5 mL), dried over anhy-
drous Na,SO, and the solvent is removed in vacuo. The puri-
fication of the residue by flash chromatography (EtOAc/hex-
ane, 1:10) gives (R)-(2-chlorophenyl)phenylmethanol in
about 97.0% ee and about 86.6% yield (the ee value is deter-
mined by HPLC using a Chiralcel OB-H column).

Cl

EXAMPLE 5

(R)-(2-Bromophenyl)phenylmethanol

Br

The title compound is prepared according to Method A in
about 96.7% ee and about 89.8% yield (the ee value is deter-
mined by HPLC using a Chiralcel OD-H column).

OH

EXAMPLE 6

(R)-(2-Fluorophenyl)phenylmethanol

F
The title compound is prepared according to Method A in

about 97.2% ee and about 92.6% yield (the ee value is deter-
mined by HPLC using a Chiralcel OD-H column).

OH
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EXAMPLE 7

(R)-(2-Tolyl)phenylmethanol

OH Me

5

The title compound is prepared according to Method A in
about 98.9% ee and 93.6% yield (the ee value is determined
by HPLC using a Chiralcel OB-H column).

EXAMPLE 8
(R)-(2-Methoxyphenyl)phenylmethanol

OH OMe

&

The title compound is prepared according to Method A in
about 96.1% ee and about 93.4% yield (the ee value is deter-
mined by HPLC using a Chiralcel OB-H column).

EXAMPLE 9
(R)-(3-Tolyl)phenylmethanol

OH

Me

g

The title compound is prepared according to Method A in
about 94.6% ee and about 86.5% yield (the ee is determined
by HPLC using a Chiralcel OB-H column).

EXAMPLE 10
(R)-(4-Chlorophenyl)phenylmethanol

OH

5

Cl

The title compound is prepared according to Method A in
about 94.1% ee and about 90.2% yield (the ee is determined
by HPLC using a Chiralcel OB-H column).

EXAMPLE 11
(R)-(4-Tolylphenyl)phenylmethanol

OH

5

Me
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The title compound is prepared according to Method A in
about 94.3% ee and about 93.2% yield (the ee is determined
by HPLC using a Chiralcel OB-H column).

EXAMPLE 12

(R)-(4-Bromophenyl)phenylmethanol

OH

Br

The title compound is prepared according to Method A in
about 93.7% ee and about 90.1% yield (the ee is determined
by HPLC using a Chiralcel OB-H column).

What is claimed is:

1. A compound of the formula
@

wherein
R, is optionally substituted lower alkyl or aralkyl;
R, is optionally substituted lower alkyl;
R; and R, are independently hydrogen, halo, lower alkyl,
alkoxy or trifluoromethyl; or
R; and R, combined together with the carbon atoms to
which they are attached form an optionally substituted
fused 6-membered aromatic ring provided that R; and
R, are attached to carbon atoms adjacent to each other;
Rs is hydrogen, lower alkyl, lower alkoxy or halo;
Ry and R, are hydrogen; or
Ry and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aro-
matic ring;
provided that
(1) R;, Ry, Ry, Ry and R, are not hydrogen when R, is
methyl, ethyl, pentyl, allyl, 3-buten-1-yl, benzyl or
phenethyl and R, is methyl; or
(i) R;,R,, Rgand R, are not hydrogen when R, and R, are
methyl and Ry is methyl located at the 4-position;
or an enantiomer thereof; or an enantiomeric mixture thereof.
2. A compound according to claim 1, wherein
R; and R, combined together with the carbon atoms to
which they are attached form an optionally substituted
fused 6-membered aromatic ring provided that R; and
R, are attached to carbon atoms adjacent to each other;
or an enantiomer thereof; or an enantiomeric mixture thereof.
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3. A compound according to claim 2 of the formula
aa)

Rs
/\’ R,

Ry

wherein
R, is optionally substituted C, ,alkyl;
R, is methyl;
R, is hydrogen;
Rg and R, are hydrogen; or
R and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aro-
matic ring;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
4. A compound according to claim 3, wherein
R, and R, are hydrogen;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
5. A compound according to claim 4, wherein
R, is methyl;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
6. A method for converting a carbonyl compound to a chiral
alcohol in the presence of a suitable organozinc reagent and a
compound of the formula
@
wherein
R, is optionally substituted lower alkyl or aralkyl;
R, is optionally substituted lower alkyl;
R; and R, are independently hydrogen, halo, lower alkyl,
alkoxy or trifluoromethyl; or
R; and R, combined together with the carbon atoms to
which they are attached form an optionally substituted
fused 6-membered aromatic ring provided that R; and
R, are attached to carbon atoms adjacent to each other;
R, is hydrogen, lower alkyl, lower alkoxy or halo;
Rg and R, are hydrogen; or
R and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aro-
matic ring;
provided that
(1) R;, Ry, R, Ry and R, are not hydrogen when R, is
methyl, ethyl, pentyl, allyl, 3-buten-1-yl, benzyl or
phenethyl and R, is methyl; or
(i) R, R4, Rg and R, are not hydrogen when R, and R, are

methyl and Ry is methyl located at the 4-position;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
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7. A method according to claim 6, wherein
R; and R, combined together with the carbon atoms to
which they are attached form an optionally substituted
fused 6-membered aromatic ring provided that R; and
R, are attached to carbon atoms adjacent to each other;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
8. A method according to claim 7, wherein a compound of
formula (I) has the formula

as)

Rs
/\’ R,

Ry

wherein
R, is optionally substituted C, _,alkyl;
R, is methyl;
Rs is hydrogen;
Ry and R, are hydrogen; or
Ry and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aro-
matic ring;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
9. A method according to claim 8, wherein
Rg and R, are hydrogen;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
10. A method according to claim 9, wherein
R, is methyl;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
11. A method according to claim 6, wherein the carbonyl
compound is an aromatic aldehyde.
12. A method according to claim 11, wherein the chiral
alcohol is a diarylmethanol.
13. A method according to claim 12, wherein the orga-
nozinc reagent is generated by reacting a compound of the

formula
RgB(OH), ™)

wherein R represents aryl; with dimethyl zinc or diethyl zinc.
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14. A method according to claim 12, wherein the reaction
mixture further comprises a polyether.
15. A method according to claim 14, wherein the polyether
is dimethoxypolyethylene glycol.
16. A method according to claim 12, wherein
R, and R, combined together with the carbon atoms to
which they are attached form an optionally substituted
fused 6-membered aromatic ring provided that R, and
R, are attached to carbon atoms adjacent to each other;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
17. A method according to claim 16, wherein a compound
of formula (I) has the formula

as)

Rs
/\’ Ry
R;
wherein
R, is optionally substituted C, ,alkyl;
R, is methyl;
Rs is hydrogen;

Rg and R, are hydrogen; or
R and R, combined together with the carbon atoms to
which they are attached form a fused 6-membered aro-
matic ring;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
18. A method according to claim 17, wherein
R and R, are hydrogen;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
19. A method according to claim 18, wherein
R, is methyl;
or an enantiomer thereof’; or an enantiomeric mixture thereof.
20. A method according to claim 6, wherein the reaction
mixture further comprises a polyether.
21. A method according to claim 18, wherein the polyether
is dimethoxypolyethylene glycol.

#* #* #* #* #*
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