
TITANIUM COMPOUND AND PROCESS FOR ASYMMETRIC CYANATION
OF MINES Field of the Invention The present invention
relates to a titanium compound and a process for
producing optically active alpha-aminonitriles
according to the asymmetric cyanation reaction of an
imine using such a titanium compound. The optically
active alpha-aminonitriles are useful as intermediates
in the synthesis of pharmaceuticals and
fine-chemicals. Background of the Invention One of the
oldest, most efficient and economic methods of
synthesizing alphaamino acids is the use of a three
component Strecker reaction of aldehydes or ketones
with ammonia (or an equivalent) in the presence of a
cyanide source. Subsequent hydrolysis of the resultant
aminonitrile yields the corresponding alpha-amino
acids, as shown by the reaction in FIG. IA. FIG. IB
shows a modified Strecker reaction, a popular and
widely used alternative route for synthesizing
alpha-amino acids, wherein an amine is used instead of
ammonia and pre-formation of imines is followed by
hydrocyanation. Despite the efficiency and versatility
of the Strecker reaction, no catalytic ... asymmetric
version of the reaction or catalytic asymmetric
hydrocyanation of imines was reported until the
mid-1990s. Since then there has been considerable
advances in the development of efficient asymmetric
processes for the synthesis of optically active alpha
-amino acids, especially nonproteinogenic alpha-amino
acids. Both organometallic- and organo- catalysts have
also been used in the asymmetric hydrocyanation of
imines to produce the corresponding chiral
alpha-aminonitriles in the presence of a suitable
cyanide source. Although good to excellent results
have been reported, many of these catalyst systems
utilize expensive ligands and catalysts that are
prepared through multistep synthesis, as well as
rigorous conditions such as low temperatures.
Accordingly, improved compound and methods are needed.
Summary of the Invention The present invention
provides titanium catalysts for asymmetric synthesis
reactions, produced by bringing a reaction mixture
obtained by contacting water and atitanium alkoxide
into contact with an optically active ligand
represented by the general formula (a), wherein R1,
R2, R3, and R4 are independently a hydrogen atom, an
alkyl group, an alkenyl group, an aryl group, an
aromatic heterocyclic group, a non-aromatic
heterocyclic group, an acyl group, an alkoxycarbonyl
group or an aryloxycarbonyl group, each of which may
have a substituent, or two or more of R1, R2, , R3,
and R4 may be linked together to form a ring, and the
ring may have a substituent; and A* represents a group
with two or more carbon atoms having an asymmetric
carbon atom or axial asymmetry. In some embodiments,
the optically active ligand represented by said
general formula (a) may be represented by general
formula (b), wherein Ra, Rb, Rc, and Rd are each a
hydrogen atom, an alkyl group, an aryl group,
alkoxycarbonyl group, an aryloxycarbonyl group or an
aminocarbonyl group, each of which may have a
substituent, or two or more of Ra, Rb, Rc, and Rd may
be linked together to form a ring, and the ring may
have a substituent; at least one of Ra, Rb, Rc, and Rd
is a different group; both or at least one of the
carbon atoms indicated as * become an asymmetric
center; and parts indicated as (NH) and (OH) do not
belong to A*, and represent an amino group and a
hydroxyl group, respectively, corresponding to those
in said general formula (a) to which A* is bonded; R5,
R6, R7, and R8 are independently a hydrogen atom, a
halogen atom, an alkyl group, an alkenyl group, an
aryl group, an aromatic heterocyclic group, a
non-aromatic heterocyclic group, an alkoxycarbonyl
group, an aryloxycarbonyl group, a hydroxyl group, an
alkoxy group, an aryloxy group, an amino group, a
cyano group, a nitro group, a silyl group or a siloxy
1232400-1group which may have a substituent, each of
which may be linked together to form a ring. The
present invention also provides processes for
asymmetric cyanation of imines, comprising reacting an
imine with a cyanating agent in the presence of a
titanium catalyst of the invention. In some
embodiments, the imine is represented by the general
formula (c), wherein R9 and R10 are independently a
hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group, an aromatic heterocyclic
group or a non-aromatic heterocyclic group, each of
which may have a substituent, and R9 is different from
R ; R9 and R10 may be linked together to form a ring,
and the ring may have a substituent; R1 1 is a
hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group, an aromatic heterocyclic
group or a non-aromatic heterocyclic group, a
phosphonate, phosphinoyl, phosphine oxide,
alkoxycarbonyl, sulfinyl, or sulfoxy group, each of
which may have a substituent; and R1 1 may be linked
either to R9 or R10 to form a ring through a carbon
chain, and the ring may have substituents. Processes
for asymmetric cyanation of imines may comprise
reacting an imine and a cyanating agent in the
presence of a catalyst to form an optically active
alphaaminonitrile, wherein the catalyst is present in
an amount from about 0.5 to 30 mol %, relative to the
imine, and comprises a product of interaction between
a titanium alkoxide precatalyst (e.g., a partially
hydrolyzed titanium alkoxide precatalyst prepared by
contacting water with titanium alkoxide monomer) and
an optically active compound having the ability to
ligate the titanium. In some embodiments, the catalyst
is present in an amount from about 1 to 30 mol %,
relative to the imine. In some embodiments, the
catalyst is present in an amount less than 10 mol %
(e.g., from 2.5 to 5.0 mol %), relative to the imine.
The process may be conducted at any temperature and
with any reaction time suited for a particular
application. In some embodiments, the process is
conducted at a reaction temperature between -78 0C and
80 0C. In some embodiments, the process may comprise
reacting an imine and a cyanating agent in the
presence of a catalyst at a temperature greater than 0
0C and/or with a reaction time of less than six hours,
or less 1232400-1than two hours, and with a yield of
at least 50%, or, in some cases, with high to
quantitative yields, and wherein the optically active
alpha-aminonitrile is obtained in good to excellent
enantiomeric excess (e.g., at least 90%). Brief
Description of the Drawings FIG. IA shows the
synthesis a an alpha-amino acid via a Strecker
reaction and subsequent hydrolysis of the resultant
aminonitrile. FIG. IB shows the synthesis of an
alpha-amino acid modified Strecker reaction and
subsequent hydrolysis of the resultant aminonitrile.
FIG. 2 shows the asymmetric cyanation of
./V-benzylbenzylidineamine in the presence of an
optically active titanium catalyst of the invention
and trimethylsilyl cyanide, according to one
embodiment of the invention. FIG. 3 shows a one-pot
synthesis of an optically active alpha-aminonitrile,
according to one embodiment of the invention. Other
aspects, embodiments and features of the invention
will become apparent from the following detailed
description when considered in conjunction with the 



accompanying drawings. The accompanying figures are
schematic and are not intended to be drawn to scale.
For purposes of clarity, not every component is
labeled in every figure, nor is every component of
each embodiment of the invention shown where
illustration is not necessary to allow those of
ordinary skill in the art to understand the invention.
All patent applications and patents incorporated
herein by reference are incorporated by reference in
their entirety. In case of conflict, the present
specification, including definitions, will control.
Detailed Description The present invention relates to
a titanium compound and a process for producing
optically active alpha-aminonitriles according to the
asymmetric cyanation reaction of an imine using such a
titanium compound. Compounds (e.g., catalysts) and
methods of the invention involve titanium catalysts
useful for asymmetric synthesis reactions, including
carbon-carbon bond forming reactions. In some
embodiments, the present invention provides catalysts
and related methods for asymmetric Strecker-type
reactions, such as the asymmetric cyanation of imines
for the synthesis of optically active
alpha-aminonitriles. The present 1232400-1invention
provides efficient catalysts based on inexpensive,
stable ligands derived from readily available building
blocks. Catalysts and methods of the invention that
may advantageously be used under mild reaction
conditions, such as room temperature and/or under
ambient conditions, to achieve high yields (e.g.,
>99%) and excellent enantioselectivities (e.g., >90%,
>95%, >98%). The present invention relates to the
discovery that optically active alphaaminonitriles may
be produced in high yield and with high optical purity
using an efficient catalyst and related methods
involving lower amounts of catalyst and shorter
reaction times relative to previous methods. Optically
active alpha-aminonitriles are useful intermediates in
the synthesis of pharmaceuticals, fine chemicals, and
the like. In some embodiments, optically active
alpha-aminonitriles are useful intermediates in the
synthesis of alpha-amino acids. In a particular set of
embodiments, the invention relates to the asymmetric
cyanation of imines for the synthesis of optically
active alphaaminonitriles using a partially hydrolyzed
titanium-alkoxide catalyst system in the presence of
an optically active ligand such as tridentate
-salicyl-beta-aminoalcohol, for example. As described
herein, the present invention provides titanium
catalysts for asymmetric synthesis reactions. The
titanium catalyst may be produced by combining water
or a water source with a titanium alkoxide to form a
reaction mixture, which may then be brought into
contact with an optically active ligand. The following
terms refer to any groups mentioned in the present
invention unless otherwise indicated. The term "alkyl
group" refers to a linear, branched or cyclic alkyl
group having 1 to 20 carbon atoms. In one embodiment
of the present invention, the alkyl group may have 1
to 15 carbon atoms, for example 1 to 10 carbon atoms.
Examples of linear alkyl groups may include, but are
not limited to, a methyl group, an ethyl group, a
n-propyl group, a n-butyl group, a n-pentyl group, a
n-hexyl group, a n-heptyl group, a n-octyl group, a
nonyl group, a n-decyl group and the like. Examples of
branched alkyl groups may include, but are not limited
to, an isopropyl group, an isobutyl group, sec-butyl
group, a tert-butyl group, a 2-pentyl group, a
3-pentyl group, an isopentyl group, a neopentyl group,
an amyl group and the like. Examples of cyclic alkyl
groups may be, but are not limited to, a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a cycoheptyl group, a cycloctyl
group and the like. 1232400-1The term "alkenyl group"
refers to a linear, branched or cyclic alkenyl group
having 2 to 20 carbon atoms, for example 1 to 10
carbon atoms, wherein at least one carbon-carbon
double bond is present. Examples of an alkenyl group
may include, but are not limited to, a vinyl group, an
allyl group, a crotyl group, a cyclohexenyl group, an
isopropenyl group and the like. The term "alkynyl
group" refers to an alkynyl group having 2 to 20
carbon atoms, for example 2 to 10 carbon atoms,
wherein at least one carbon-carbon triple bond is
present. Examples may include, but are not limited to,
an ethynyl group, a 1-propynyl group, a 2-propynyl
group, a 1-butynyl group, a 1-pentynyl group and the
like. The term "alkoxy" refers to a linear, branched
or cyclic alkoxy group having 1 to 20 carbon atoms,
for example 1 to 10 carbon atoms, wherein an alkyl
group is bonded to a negatively charged oxygen atom.
Examples may include, but are not limited to, a
methoxy group, an ethoxy group, a n-propoxy group, an
isopropoxy group, a n-butoxy group, a cyclopentyloxy
group, a cyclohexyloxy group, a menthyloxy group and
the like. The term "aryl group" refers to an aryl
group referring to any functional group or substituent
derived from a simple aromatic ring having 6 to 20
carbon atoms. In one embodiment of the present
invention, the aryl group may have 6 to 10 carbon
atoms. Examples may include, but are not limited to, a
phenyl group, a napththyl group, a biphenyl group, an
anthryl group and the like. The term "aryloxy group"
refers to an aryloxy group having 6 to 20 carbon
atoms, for example 6 to 10 carbon atoms, wherein an
aryl group is bonded to a negatively charged oxygen
atom. Examples may include, but are not limited to, a
phenoxy group, a naphthyloxy group and the like. The
term "aromatic heterocyclic group" refers to an
aromatic heterocyclic group having 3 to 20 carbon
atoms, for example 1 to 10 carbon atoms, wherein at
least one carbon atom of the aromatic group is
replaced by a heteroatom such as nitrogen, oxygen or
sulfur. Examples may include, but are not limited to,
an imidazolyl group, a furyl group, a thienyl group, a
pyridyl group and the like. The term "non-aromatic
heterocyclic group" refers to a non-aromatic
heterocyclic group having 4 to 20 carbon atoms, for
example 4 to 10 carbon atoms, wherein at least one
carbon atom of the non-aromatic group is replaced by a
heteroatom such as nitrogen, oxygen or sulfur.
Examples may include, but are not limited to, a
pyrrolidyl group, a piperidyl group, a tetrahydrofuryl
group and the like. 1232400-1The term "acyl group"
refers to an alkylcarbonyl group having 2 to 20 carbon
atoms, for example 1 to 10 carbon atoms and an
arylcarbonyl group having 6 to 20 carbon atoms, for
example 1 to 10 carbon atoms. ' The term
"alkylcarbonyl group" refers to, but is not limited
to, an acetyl group, a propionyl group, a butyryl
group, an isobutyryl group, a pivaloyl group and the
like. The term "arylcarbonyl group" refers to, but is
not limited to, a benzoyl group, a napththoyl group, a
anthrylcarbonyl group and the like. The term
"alkoxycarbonyl group" refers to a linear, branched or
cyclic alkoxycarbonyl group having 2 to 20 carbon
atoms, for example 2 to 10 carbon atoms. Examples may
include, but are not limited to, a methoxycarbonyl
group, an ethoxycarbonyl group, a n-butoxycarbonyl
group, a n-octyloxycarbonyl group, an
isopropoxycarbonyl group, a tert-butoxycarbonyl group,
a cyclopentyloxycarbonyl group, a
cyclohexyloxycarbonyl group, a cyclooctyloxycarbonyl
group, an Lmenthyloxycarbonyl group, a
D-menthyloxycarbonyl group and the like. The term
"aryloxycarbonyl group" refers to an aryloxycarbonyl
group having 7 to 



20 carbon atoms, for example 7 to 15 carbon atoms.
Examples may include, but are not limited to, a
phenoxycarbonyl group, alpha-naphthyloxycarbonyl group
and the like. The term "aminocarbonyl group" refers to
an aminocarbonyl group having a hydrogen atom, an
alkyl group, an aryl group, and two of the
substituents other than a carbonyl group to be bonded
to a nitrogen atom may be linked together to form a
ring. Examples may include, but are not limited to an
isopropylaminocarbonyl group, a
cyclohexylaminocarbonyl group, a
tert-butylaminocarbonyl group, a tertamylaminocarbonyl
group, a dimethylaminocarbonyl group, a
diethylaminocarbonyl group, diisopropylaminocarbonyl
group, a diisobutylaminocarbonyl group, a
dicyclohexylaminocarbonyl group, a
tert-butylisopropylaminocarbonyl group, a
phenylaminocarbonyl group, a pyrrolidylcarbonyl group,
a piperidylcarbonyl group, an indolecarbonyl group and
the like. The term "amino group" refers to organic
compounds and a type of functional group that contain
nitrogen as the key atom. The term refers to an amino
group having a hydrogen atom, a linear, branched or
cyclic alkyl group, or an amino group having an aryl
group. Two substituents to be bonded to a nitrogen
atom may be linked together to form a ring. Examples
of the amino group having an alkyl group or an aryl
group may include, but are not limited to, an
isopropylamino group, a cyclohexylamino group, a
1232400-1tert-butylamino group, a tert-amylamino
group, a dimethylamino group, a diethylamino group, a
diisopropylamino group, a diisobutylamino group, a
dicyclohexylamino group, a tert-butylisopropylamino
group, a pyrrolidyl group, a piperidyl group, an
indole group and the like. The term "halogen atom"
refers to F, Cl, Br, I, and the like. The term "silyl
group" refers to a silyl group having 2 to 20 carbon
atoms, wherein the silyl group can be considered as
silicon analogue of an alkyl. Examples may include,
but are not limited to, a trimethylsilyl group, a
tert-butyldimethylsilyl group and the like. The term
"siloxy group" refers to a siloxy group having 2 to 20
carbon atoms. Examples may include, but are not
limited to, a trimethylsiloxy group, a
tertbutyldimethylsiloxy group, a
tert-butyldiphenylsiloxy group and the like. All of
the above mentioned groups may optionally have one or
more substituents. "Having one or more substituents"
in the context of the present invention means that at
least one hydrogen atom of the above compounds may be
replaced by F, Cl, Br, I, OH, CN, NO2, NH2 SO2, an
alkyl group, an aryl group, an aromatic heterocyclic
group, a non-aromatic heterocyclic group, an oxygen
containing group, a nitrogen containing group, a
silicon containing group or the like. Examples of the
oxygen containing group may include, but are not
limited to, those having 1 to 20 carbon atoms such as
an alkoxy group, an aryloxy group, an alkoxycarbonyl
group, a aryloxycarbonyl group, an acyloxy group and
the like. Examples of the nitrogen containing group
may include, but are not limited to, an amino group
having 1 to 20 carbon atoms, an amide group having 1
to 20 carbon atoms, a nitro group, a cyano group and
the like. Examples of the silicon containing group may
include, but are not limited to, those having 1 to 20
carbon atoms such as a silyl group, a silyloxy group
and the like. Examples of substituted alkyl groups may
include, but are not limited to, a chloromethyl group,
a 2-chloroethyl group, a trifluoromethyl group, a
2,2,2- trifluoroethyl group, a perfluoroethyl group, a
perfluorohexyl, a substituted or unsubstituted aralkyl
group such as a benzyl group, a diphenylmethyl group,
a trityl group, a 4-methoxybenzyl group, a
2-phenylethyl group, a cumyl group, an
alphanapthylmethyl, a 2-pyridylmethyl group, a
2-furfuryl group, a 3-furfuryl group, a 2-
thienylmethyl group, a 2-tetrahydrofurfuryl group, a
3-tetrahydrofurfuryl group, a 1232400-1methoxymethyl
group, a methoxyethyl group, a phenoxyethyl group, an
isopropoxymethyl group, a tert-butoxymethyl group, a
cyclohexyloxymethyl group, a Lmenthyloxymethyl group,
a D-menthyloxymethyl group, a phenoxymethyl group, a
benzyloxymethyl group, a phenoxymethyl group, an
acetyloxymethyl group, a 2,4,6-
trimethylbenzoyloxymethyl, a 2-(dimethylamino)ethyl
group, a 3-(diphenylamino)propyl group, a
2-(trimethylsiloxy)ethyl group and the like. Examples
of substituted alkenyl groups may include, but are not
limited to, a 2- chlorovinyl group, a
2,2-dichlorovinyl group, a 3-chloroisopropenyl group
and the like. Examples of substituted alkynyl groups
may include, but are not limited to, a 3-
chloro-1-propynyl group, a 2-phenylethynyl group, a
3-phenyl-2-propynyl group, a 2-(2- pyridylethynyl)
group, a 2-tetrahydrofurylethynyl group, a
2-methoxyethynyl group, a 2- phenoxyethynyl group, a
2-(dimethylamino)ethynyl group, a
3-(diphenylamino)propynyl group, a
2-(trimethylsiloxy)ethynyl group and the like.
Examples of substituted alkoxy groups may include, but
are not limited to, a 2,2,2-trifluoroethoxy group, a
benzyloxy group, a 4-methoxybenzyloxy group, a
2-phenylethoxy group, a 2-pyridylmethoxy group, a
furfuryloxy group, a 2-thienylmethoxy group, a
tetahydrofurfuryloxy group and the like. Examples of
substituted aryl groups may include, but are not
limited to, a 4- fluorophenyl group, a
pentafluorophenyl group, a tolyl group, a
dimethylphenyl group such as a 3,5-dimethylphenyl
group, a 2,4,6-trimethylphenyl group, a
4-isopropylphenyl group, a 3,5-diisopropylphenyl
group, a 2,6-diisopropylphenyl group, a
4-tertbutylphenyl group, a 2,6-di-tert-butylphenyl
group, a 4-methoxyphenyl group, a 3,5- dimethoxyphenyl
group, a 3,5-diisopropoxyphenyl group, a
2,4,6-triisopropoxyphenyl group, a 2,6-diphenoxyphenyl
group, a 4-(dimethylamino)phenyl group, a
4-nitrophenyl group, 3,5-bis(trimethylsilyl)phenyl
group, a 3,5-bis(trimethylsiloxy)phenyl group and the
like. Examples of substituted aryloxy groups may
include, but are not limited to, a pentafluorophenoxy
group, a 2,6-dimethylphenoxy group, a
2,4,6-trimethylphenoxy group, a 2,6-dimethoxyphenoxy
group, a 2,6-diisopropoxyphenoxy group, a
4-(dimethylamino)phenoxy group, a 4-cyanophenoxy
group, a 2,6 bis(trimethylsilyl)phenoxy group, a
2,6-bis(trimethylsiloxy)phenoxy group and the like.
1232400-1Examples of substituted aromatic heterocyclic
groups may include, but are not limited to, an
N-methylimidazolyl group, a 4,5-dimethyl-2-furyl
group, a 5-butoxycarbonyl-2-furyl group, a
5-butylaminocarbonyl-2-furyl group, and the like.
Examples of substituted non-aromatic heterocyclic
groups may include, but are not limited to, a
3-methyl-2-tetrahydrofuranyl group, a
N-phenyl-4-piperidyl group, a 3- methoxy-2-pyrrolidyl
group and the like. Examples of substituted
alkylcarbonyl group may include, but are not limited
to, a trifluoroacetyl group and the like. Examples of
substituted arylcarbonyl groups may include, but are
not limited to, a pentafluorobenzoyl group, a
3,5-dimethylbenzoyl group, a 2,4,6-trimethylbenzoyl
group, a 2,6-dimethoxybenzoyl group, a
2,6-diisopropoxybenzoyl group, a A-
(dimethylamino)benzoyl group, a 4-cyanobenzoyl group,
a 2,6-bis(trimethylsilyl)benzoyl group, a
2,6-bis(trimethylsiloxy)benzoyl group and the like. 



Examples of the alkoxycarbonyl group having a halogen
atom include a 2,2,2- trifluoroethoxycarbonyl group, a
benzyloxycarbonyl group, a Amethoxybenzyloxycarbonyl
group, a 2-phenylethoxycarbonyl group, a
cumyloxycarbonyl group, an
alpha-naphthylmethoxycarbonyl group, a 2-
pyridylmethoxycarbonyl group, a furfuryloxycarbonyl
group, a 2- thienylmethoxycarbonyl group, a
tetrahydrofurfuryloxycarbonyl group, and the like.
Examples of substituted aryloxycarbonyl groups may
include, but are not limited to, a
pentafluorophenoxycarbonyl group, a
2,6-dimethylphenoxycarbonyl group, a 2,4,6-
trimethylphenoxycarbonyl group, a
2,6-dimethoxyphenoxycarbonyl group, a 2,6-
diisopropoxyphenoxycarbonyl group, a
4-(dimethylamino)phenoxycarbonyl group, a
Acyanophenoxycarbonyl group, a
2,6-bis(trimethylsilyl)phenoxycarbonyl group, a 2,6-
bis(trimethylsiloxy)phenoxycarbonyl group and the
like. Examples of substituted aminocarbonyl groups may
include, but are not limited to, a
2-chloroethylaminocarbonyl group, a
perfluoroethylaminocarbonyl group, a
Achlorophenylaminocarbonyl group, a
pentafluorophenylaminocarbonyl group, a
benzylaminocarbonyl group, a
2-phenylethylaminocarbonyl group, an
alphanaphthylmethylaminocarbonyl and a
2,4,6-trimethylphenylaminocarbonyl group and the like.
Examples of substituted amino groups may include, but
are not limited to, a 2,2,2-trichloroethylamino group,
a perfluoroethylamino group, a
1232400-1pentafluorophenylamino group, a benzylamino
group, a 2-phenylethylamino group, an
alpha-naphthylmethylamino and a
2,4,6-trimethylphenylamino group and the like. In one
aspect, the present invention relates to titanium
catalysts for asymmetric synthesis reactions, such as
asymmetric cyanation of imines. The titanium catalyst
may be produced by contacting a reaction mixture
comprising a titanium alkoxide with an optically
active ligand. The reaction mixture comprising the
titanium alkoxide may be obtained by combining water,
a titanium alkoxide, and optionally additional
components, such as solvents, hydrolyzing agents,
additives, and the like. In some embodiments, the
titanium alkoxide may be in monomelic form in the
absence of water, and, upon contact with water, a
partially hydrolyzed titanium alkoxide species may be
produced, i.e., a "precatalyst." As used herein, a
"precatalyst" may refer to a chemical species which,
upon activation, may produce an active catalyst
species in a reaction. For example, the partially
hydrolyzed titanium alkoxide precatalyst may be
combined with the optically active ligand to form the
catalyst. As used herein, the term "catalyst" includes
active forms of the catalyst participating in the
reaction as well as catalyst precursors (e.g.,
precatalysts) that may be converted in situ into the
active form of the catalyst. In some embodiments, the
titanium alkoxide used in the preparation of the
titanium catalyst may be a compound represented by the
general formula (d), Ti(OR )4 (d) wherein R is an
alkyl group or an aryl group, each of which may have a
substituent. In some embodiments, R' is an alkyl
group, such as ethyl, n-butyl, n-propyl, iso-propyl,
and the like. For example, the titanium alkoxide used
may be Ti(OMe)4, Ti(OEt)4, Ti(On- Pr)4, Ti(Oi-Pr)4, or
Ti(On-Bu)4. In some embodiments, R' is an aryl group.
The titanium compound (e.g., catalyst) of the present
invention may be produced from a reaction mixture of a
partially hydrolyzed titanium alkoxide obtained by
contacting water with a titanium alkoxide monomer, and
an optically active ligand represented by the general
formula (a), wherein R1, R2, R3, and R4 are
independently a hydrogen atom, an alkyl group, an
alkenyl group, an aryl group, an aromatic heterocyclic
group, a non-aromatic 1232400-1heterocyclic group, an
acyl group, an alkoxycarbonyl group or an
aryloxycarbonyl group, each of which may have a
substituent, or two or more of R1, R2, R3, and R4 may
be linked together to form a ring, and the ring may
have a substituent; and A* represents a group with two
or more carbon atoms having an asymmetric carbon atom
or axial asymmetry. In some cases, R1, R2, R3, or R4
may be an alkyl group, optionally having one or more
substituents. Furthermore, two or more of R1, R2, R3,
and R4 may be linked together to form a ring. The ring
may be an aliphatic or aromatic hydrocarbon ring. The
formed rings may be condensed to form a ring,
respectively. In some embodiments, the aliphatic
hydrocarbon ring is a 10- or less-membered ring, such
as a 3- to 7-membered ring, or a 5- or 6-membered
ring. The aliphatic hydrocarbon ring may have
unsaturated bonds. The aromatic hydrocarbon ring may
be a 6-membered ring, such as a phenyl ring. For
example, when two of R1, R2, R3, and R4 are linked
together to form -(CH2)4- or -CH=CH-CH=CH-, a
cyclohexene ring (included in the aliphatic
hydrocarbon ring) or a phenyl ring (included in the
aromatic hydrocarbon ring) may be formed,
respectively. The ring may have one or more
substituents, including a halogen atom, an alkyl
group, an aryl group, an alkoxy group, an aryloxy
group, an amino group, a nitro group, a cyano group, a
silyl group and a silyloxy group, and the like. In one
set of embodiments, R1 and R2 are hydrogen atoms, and
R3 and R4 are linked together to form a phenyl ring,
wherein the phenyl ring may have one or more
substituents. In the general formula (a), A*
represents an optically active group with two or more
carbon atoms, and preferably 2 to 40 carbon atoms,
having an asymmetric carbon atom or axial asymmetry
which may have a substituent. Examples of A* include
the following structures, 1232400-1wherein parts
indicated as (N) and (OH) do not belong to A*, and
represent an amino group and a hydroxyl group,
respectively, corresponding to those in the above
general formula (a) to which A* is bonded. In some
cases, the optically active ligand is represented by
the general formula (b), wherein Ra, Rb, Rc, and Rd
are each a hydrogen atom, an alkyl group, an aryl
group, alkoxycarbonyl group, an aryloxycarbonyl group
or an aminocarbonyl group, each of which may have a
substituent, or two or more of Ra, Rb, Rc, and Rd may
be linked together to form a ring, and the ring may
have a substituent; at least one of Ra, Rb, Rc, and Rd
is a different group; both or at least one of the
carbon atoms indicated as * become an asymmetric
center; and parts indicated as (NH) and (OH) do not
belong to A*, and represent an amino group and a
hydroxyl group, respectively, corresponding to those
in said general formula (a) to which A* is bonded; R5,
R6, R7, and R8 are independently a hydrogen atom, a
halogen atom, an alkyl group, an alkenyl group, an
aryl group, an aromatic heterocyclic group, a
non-aromatic heterocyclic group, an alkoxycarbonyl
group, an aryloxycarbonyl group, a hydroxyl group, an
alkoxy group, an aryloxy group, an amino group, a
cyano group, a nitro group, a silyl group or a siloxy
group which may have a substituent, each of which may
be linked together to form a ring. In some cases, Ra
is methyl, ethyl, n-propyl, -propyl, n-butyl,
iso-butyl, secbutyl, tert-butyl, or benzyl, and Rb,
Rc, and Rd are hydrogen atoms. Examples of the
optically active ligand include, but are not limited
to, 



1232400-1The titanium catalyst of the present
invention can be produced by bringing a reaction
mixture obtained by contacting water and a titanium
alkoxide into contact with an optically active ligand
represented by the general formula (a), as described
above. The preparation of the titanium catalyst may
further comprise use of a solvent, such as an organic
solvent. For example, the reaction mixture may be
obtained by combining the titanium alkoxide, in a
mixture of water and an organic solvent, with the
optically active ligand. In some cases, the organic
solvent may comprise an amount of water. The molar
ratio of the titanium alkoxide, water, and the
optically active ligand represented by general formula
(a) can be in the range of 1.0 : 0.1 : 0.1 to 1.0 :
2.0 : 3.0. Any molar ratio within this range may be
suitable for use in the present invention. In some
embodiments, the optically active titanium catalyst is
prepared by first reacting a titanium alkoxide (e.g.,
a titanium tetraalkoxide) compound with a hydrolyzing
agent in an organic solvent to form a partially
hydrolyzed titanium alkoxide 1232400-1species. In some
cases, the hydrolyzing agent is water, or a water
source. The water source (herein referred to as
"water") may be, for example, an inorganic hydrate
(e.g., an inorganic salt comprising water molecules).
Examples of inorganic hydrates include, but are not
limited to, Na2B4O7-10H2O, Na2SO4-10H2O, Na3PO4-12H2O,
MgSO4-7H2O, CuSO4-5H2O, FeSO4 H2O, AlNa(SO4)2-12H2O,
A1K(SO4)2 12H2O, and the like. When a
moisture-absorbed molecular sieve is used, commercial
products such as molecular sieves 3A, 4A, and the like
exposed to outdoor air may be used, and any of a
powder molecular sieve and a pellet molecular sieve
can be used. In addition, undehydrated silica gel or
zeolite may also be used as a water source. Further,
when an inorganic hydrate or a molecular sieve is
used, it can easily be removed from the reaction
mixture by filtering before reaction with a ligand
(e.g., an optically active ligand). At that time,
water may be contained in an amount of from about 0.1
to 2.0 moles, or from about 0.2 to 1.5 moles, or even
about 1 mole, based on 1 mole of the titanium alkoxide
compound. Water in that amount is added and stirred.
At that time, the titanium alkoxide compound may be
dissolved in a solvent in advance and water may be
diluted in a solvent, prior to addition. Water can
also be directly added by a method comprising adding
water in mist form, a method comprising using a
reaction vessel equipped with a high efficiency
stirrer or the like. Examples of organic solvents
suitable for use in the invention include halogenated
hydrocarbon solvents such as dichloromethane,
chloroform, fluorobenzene, trifluoromethylbenzene and
the like; aromatic hydrocarbon solvents such as
toluene, xylene and the like; ester solvents such as
ethyl acetate and the like; and ether solvents such as
tetrahydrofuran, dioxane, diethyl ether,
dimethoxyethane and the like. In some embodiments,
halogenated solvents or aromatic hydrocarbon solvents
are used. The total amount of the solvent used when
water is added may be from about 1 to 500 mL, or from
about 10 to 50 mL, based on 1 millimole of the
titanium alkoxide compound. It should be noted that
use of the partially hydrolyzed titanium precursor can
lead to an overall increased conversion rate and
enantioselectivity in the asymmetric cyanation of
imines. The temperature at which the titanium alkoxide
is reacted with water may be any temperature which
does not freeze the solvent. For example, the reaction
may be carried out at about room temperature, for
example, from 15 to 30 C. The reaction may also be
carried out at higher temperatures (e.g., by heating)
depending on the boiling point of the solvent in use.
The time required for the reaction is different
depending on general 1232400-1conditions such as the
amount of water to be added, the reaction temperature,
and the like. In some embodiments, the time required
for stirring is about 30 minutes to achieve formation
of the titanium catalyst. Next, the optically active
ligand can be added and stirred. The optically active
ligand may be added in an amount based on the titanium
alkoxide compound with water such that a molar ratio
of titanium to the optically active ligand may be from
about 0.5: 1 to 1:4, or any molar ratio within that
range. In some embodiments, the molar ratio of
Ti:optically active ligand may be about 1:1 to 1:3. In
some embodiments, the molar ration of ratio of
Ti:optically active ligand is 1:1. In some
embodiments, the optically active ligand may be
dissolved in a solvent or may be added as it is
without being dissolved. When a solvent is used, the
solvent can be the same solvent as or different from
the solvent used in the above step of adding water.
When a solvent is newly added, the amount thereof may
be from about 1 to about 5.000 mL, or from about 1 to
about 500 mL, based on 1 millimole of the titanium
atom. At this time, the reaction temperature is not
particularly limited, but the compound can be usually
produced by stirring at about room temperature, for
example, from 15 to 300C for about 5 minutes to about
1 hour, or from about 30 minutes to about 1 hour. In
some cases, the production of the titanium compound of
the present invention may advantageously be carried
out under ambient conditions. However, it should also
be understood that the production of the titanium
compound of the present invention may be carried out
under a dry and/or inert gas atmosphere or without
strictly following dry and inert conditions. Examples
of the inert gas include nitrogen, argon, helium and
the like. Subsequent to stirring of the reaction
mixture the titanium compound (e.g., titanium
catalyst) of the present invention can be obtained. As
described herein, one or more solvents may be used in
the preparation of the optically active titanium
catalyst. In some cases, use of a solvent may
facilitate formation of the titanium compound. The
solvent may be selected to dissolve any one of the
titanium alkoxide, optically active ligand, other
component, or combinations thereof to facilitate
formation of the catalyst. Examples of the solvent
include halogenated hydrocarbon solvents such as
dichloromethane, chloroform and the like; halogenated
aromatic hydrocarbon solvents such as chlorobenzene,
o-dichlorobenzene, fluorobenzene,
trifluoromethylbenzene and the like; aromatic
hydrocarbon solvents such as toluene, xylene and the
like; ester solvents such as ethyl acetate and the
like; and ether 1232400-1solvents such as
tetxahydrofuran, dioxane, diethyl ether,
dimethoxyethane and the like. hi some embodiments,
halogenated hydrocarbon solvents or aromatic
hydrocarbon solvents may be used hi some embodiments,
mixtures of the above solvents may also be used. The
total amount of the solvent used in the preparation of
the optically active titanium catalyst may be from
about 1 to about 5.000 mL or from about 10 to about
500 mL, based on 1 millimole of the titanium atom in
the titanium alkoxide compound. The reaction
temperature at this time is not particularly limited,
but the reaction may typically be performed from about
15 to 30 0C. The reaction time required for preparing
the titanium catalyst may be in the range of about 5
minutes to 1 hour, or about 30 minutes to about 1 hour
hi some cases, the reaction time required for
preparing the titanium catalyst is 30 minutes. One
advantageous feature of the present invention is that
the titanium compound produced as above can be used in
asymmetric catalytic reactions without need for
further purification. That is, the titanium compound
may be prepared and used directly in a subsequent
asymmetric reaction, optionally in the same reaction
vessel in which the titanium compound was prepared.
This may eliminate the need for purification steps or 



additional synthetic steps, and reduces the production
of waste materials, such as solvents and impurities.
Some embodiments of the invention provide processes
for producing optically active alpha-aminonitriles. hi
methods of the invention, an imine substrate may be
used as a starting material. The method may comprise
reacting the imine substrate with a cyanating agent in
the presence of a titanium catalyst as described
herein, optionally in the presence of solvents,
additives, and the like. In some cases, the imine is
an unsymmetrical imine, that is, the imine has at
least two different substituents on the carbon of the
C=N bond hi some cases, the imine is a prochiral
compound and can be suitably selected to correspond to
the desired optically active alpha-aminonitrile
product upon asymmetric cyanation of the imine. In
some cases, processes of the invention may comprise
use of an imine represented by the general formula
(c), 1232400-1wherein R9 and R10 are independently a
hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group, an aromatic heterocyclic
group or a non-aromatic heterocyclic group, each of
which may have a substituent, and R9 is different from
R10 ; R9 and R10 may be linked together to form a
ring, and the ring may have a substituent; R1 1 is a
hydrogen atom, an alkyl group, an alkenyl group, an
alkynyl group, an aryl group, an aromatic heterocyclic
group or a non-aromatic heterocyclic group, a
phosphonate, phosphinoyl, phosphine oxide,
alkoxycarbonyl, sulfinyl or sulfoxy group, each of
which may have a substituent; R1 1 may be linked
either to R9 or R10 to form a ring through a carbon
chain, and the ring may have substituents. In some
embodiments, R9 is an alkyl group or an aryl group,
R10 is a hydrogen atom, and R11 is an alkyl group or
an aryl group. In some embodiments, R9 is a hydrogen
atom, and R10 and R1 1 are independently an alkyl
group or an aryl group. Examples of R9 or R10 include,
but not limited to, phenyl, 2-chlorophenyl, 2-
bromophenyl, 2-flourophenyl, 2-methylphenyl,
2-methoxyphenyl, 4-chlorophenyl, Abromophenyl,
4-flourophenyl, 4-methylphenyl, 4-methoxyphenyl, 4-
triflouromethylphenyl, 4-nitrophenyl, furanyl,
pyridyl, cinnamyl, 2-phenylethyl, methyl, ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, s-butyl,
t-butyl, pentyl, hexyl, and the like. Examples of R1 1
include, benzyl, benzhydryl, 9-fluorenyl,
2-hydroxyphenyl, Amethoxyphenyl, allyl,
t-butoxycarbonyl, benzyloxycarbonyl,
diphenylphosphinoyl, ptolylsulfinyl,
p-toluenesulfonyl, mesitylenesulfonyl and the like. R1
1 may also be part of a ring as in
3,4-dihydroisoquinoline, and the like. The imine
substrates described herein may be synthesized by
methods known in the art, for example, by condensation
of an aldehyde or ketone with an amine to produce the
corresponding imine substrate. The process involves
the use of a cyanating agent as a source of cyanide
ion in the asymmetric cyanation reaction. Examples of
cyanating agents suitable for use in the present
invention include, but are not limited to, hydrogen
cyanide, trialkylsilyl cyanide, acetone cyanohydrin,
cyanoformate ester, potassium cyanide-acetic acid,
potassium cyanide-acetic anhydride, tributyltin
cyanide, and the like. In some embodiments, the
cyanating agent is trialkylsilyl cyanide. In some
cases, the cyanating agent is used in the reaction in
an amount from 1 to 3 moles, or, in some cases, from
1.05 to 2.5 moles, or from 1.5 to 2.5 moles, based on
1 mole of the imine substrate. In some embodiments,
1.5 equivalents of cyanating agent may be used, based
on the imine substrate. 1232400-1As described herein,
one or more solvents may be used in the asymmetric
cyanation of imines. Examples of the solvent include
halogenated hydrocarbon solvents such as
dichloromethane, chloroform and the like; halogenated
aromatic hydrocarbon solvents such as chlorobenzene,
o-dichlorobenzene, fluorobenzene,
trifluoromethylbenzene and the like; aromatic
hydrocarbon solvents such as toluene, xylene and the
like; ester solvents such as ethyl acetate and the
like; ester solvents such as ethyl acetate and the
like; and ether solvents such as tetrahydrofuran,
dioxane, diethyl ether, dimethoxyethane and the like.
In some embodiments, the solvent is a halogenated
hydrocarbon solvent or aromatic hydrocarbon solvent.
The solvents can be used alone or in combination as a
mixture of solvents. In some embodiments, the total
amount of solvent used may be about 0.1-5 mL, or, in
some cases, 0.2 - 1 niL, based on 1 mmol of imine as a
substrate. The reactions described herein may be
carried out by preparing the optically active titanium
catalysts using methods as described herein, and then
adding the imine substrate and cyanating agent to the
titanium catalyst. The resulting mixture may be
stirred at any reaction temperature, for example, from
-78-80 0C, or greater, for about 15 minutes to 6
hours, to produce the optically active
alpha-aminonitrile product. In some embodiments, the
mixture is stirred at a reaction temperature from
about 0-30 0C. In some embodiments, methods of the
present invention comprise use of the titanium
catalyst in asymmetric reactions in an amount from
0.01 to 30 mole %, from 0.25 to 10 mole %, 2.5 to 10
mole %, or, 2.5 to 5.0 mole %, based on 1 mole of
imine in terms of the titanium atom. The temperature
at which the asymmetric cyanation reaction occurs may
be any temperature which does not freeze the
components of the reactions, including the catalyst,
imine substrate, cyanating agent, or other optional
components including solvents and additives. In some
cases, the reaction may be carried out at about room
temperature, for example, from 15 to 30 0C. The
reaction may also be carried out at higher
temperatures (e.g., by heating) depending on the
boiling point of the solvent in use. The time required
for the reaction is different depending on general
conditions such as the reaction temperature, and the
like. In some cases, the reaction time is six hours or
less, 4 hours or less, two hours or less, 1 hour or
less, 45 minutes or less, 30 minutes or less, or in
some cases, 15 minutes or less. In some embodiments,
the time required for 1232400-1stirring is about 15-60
minutes to achieve formation of the optically active
alphaaminonitrile product in high yield and with high
enantioselectivity. In some cases, the asymmetric
cyanation reaction may advantageously be carried out
under ambient conditions. However, it should also be
understood that the production of the titanium
compound of the present invention may be carried out
under a dry and/or inert gas atmosphere or without
strictly following dry and inert conditions. Examples
of the inert gas include nitrogen, argon, helium and
the like. Subsequent to stirring of the reaction
mixture, the optically active alpha-aminonitrile
product can be obtained. In some embodiments, an
additive may also be used in the asymmetric cyanation
of imines. For example, the additive may be added to
the mixture comprising the titanium catalyst, the
imine substrate, the cyanating agent, and/or solvent.
The additive may be added at any time during the
reaction, i.e., during preparation of the titanium
catalyst and/or during cyanation of the imine
substrate. The additive may be, for example, a species
comprising at least one hydroxyl group (e.g., water,
alcohols, diols, polyols, etc.). In some embodiments,
the additive is water. In some embodiments, the
additive is an alcohol. Examples of the alcohols
suitable for use as an additive include an aliphatic
alcohol and an aromatic alcohol, each of which may
have a substituent, and/or combinations thereof. In
some cases the alcohol is an alkyl alcohol, including 



linear, branched or cyclic alkyl alcohols having 10
carbon atoms or less. Some examples of alkyl alcohols
include methanol, ethanol, n-propanol, isopropanol,
n-butanol, secbutanol, tert-butanol, cyclopentyl
alcohol, cyclohexyl alcohol and the like. The alkyl
alcohol may have one or more substituents, including a
halogen atom such as a fluorine atom, a chlorine atom,
a bromine atom, an iodine atom and the like. Examples
of alkyl alcohols having a halogen atom include
halogenated alkyl alcohols having 10 carbon atoms or
less, such as chloromethanol, 2-chloroethanol,
trifluoromethanol, 2,2,2- trifluoroethanol,
perfluoroethanol, perfluorohexyl alcohol and the like.
In some cases, the alcohol may be an aromatic alcohol,
including aryl alcohols having 6 to 20 carbon atoms.
Some examples of aryl alcohols include phenol,
naphthol and the like. The aryl alcohol may have one
or more substituents on the aryl group, including a
halogen atom such as a fluorine atom, a chlorine atom,
a bromine atom, an iodine atom and the like, or an
alkyl group having 20 carbon atoms or less. Examples
of aryl alcohols having a halogen atom include
halogenated aryl alcohols having 6 to 20 carbon atoms
such as pentafluorophenol and the like. Examples of
aryl alcohols having 1232400-1an alkyl group include
dimethylphenol, trimethylphenol, isopropylphenol,
diisopropylphenol, tert-butylphenol,
di-tert-butylphenol and the like. In some cases, the
additive may comprise more than one hydroxyl group.
For example, the additive may be a diol or polyol. In
some cases, the additive may be added in an amount
that is 0.25 equivalents, 0.5 equivalents, 1.0
equivalent, 1.5 equivalents, 2.0 equivalents, or
greater, based on the amount of the imine substrate.
In some cases, the additive may be added as a neat
reagent or added as a solution in a solvent. In some
cases, the additive may be one or more compounds. In
some embodiments, when water is used as an additive in
the asymmetric cyanation reaction, the titanium
catalyst may be prepared by using an inorganic hydrate
as the hydrolyzing agent. In some embodiments, when
alcohol is used as an additive in the asymmetric
cyanation reaction, the titanium catalyst may be
prepared using residual water in toluene (e.g.,
200-400 ppm) as the hydrolyzing agent. In one set of
embodiments, high catalytic activity and
enantioselectivity may be observed when water or an
alcohol such as n-butanol is used as an additive in
the asymmetric cyanation of imines, using the titanium
catalysts described herein. In some embodiments,
substantially complete conversion of the imine
substrate to the desired optically active
alpha-aminonitrile can be achieved in 15 minutes with
the addition of 0.5 equivalent of water or 1.0
equivalent of n-butanol. In some cases,
enantioselectivities of at least 80% ee, at least 85%
ee, at least 90% ee, at least 95% ee, at least 98% ee,
can be observed. In a particular embodiment, the
asymmetric cyanation of imines may be performed with
2.5 to 5 mole % of a titanium catalyst as described
herein, at room temperature, to produce a product in
>99% yield and having up to 98% ee, in 15 minutes. In
some cases, methods of the invention may involve a
"one pot" synthesis. That is, the present invention
may involve an (at least) three component, one-pot
synthesis of alpha-aminonitriles. The term "one-pot"
reaction is known in the art and refers to a chemical
reaction which can produce a product in one step which
may otherwise have required a multiple-step synthesis,
and/or a chemical reaction comprising a series of
steps that may be performed in a single reaction
vessel. One-pot procedures may eliminate the need for
isolation (e.g., purification) of intermediates and
additional synthetic steps while reducing the
production of waste materials (e.g., solvents,
1232400-1impurities). Additionally, the time and cost
required to synthesize such compounds may be reduced.
In one embodiment, the "one pot" synthesis may
comprise the simultaneous addition of at least some
components of the reaction to a single reaction
chamber. In one embodiment, the "one pot" synthesis
may comprise sequential addition of various reagents
to a single reaction chamber. In some embodiments, the
asymmetric cyanation of imines may be performed as a
one-pot reaction, wherein the imine substrate is
formed in situ, using an aldehyde and an amine are
used as substrates. For example, in some cases, the
imine may be generated in situ by reacting a carbonyl
compound in presence of a primary amine. FIG. 3 shows
a "one-pot" synthesis of an alpha-aminonitrile,
according to one embodiment of the invention. While
several embodiments of the present invention have been
described and illustrated herein, those of ordinary
skill in the art will readily envision a variety of
other means and/or structures for performing the
functions and/or obtaining the results and/or one or
more of the advantages described herein, and each of
such variations and/or modifications is deemed to be
within the scope of the present invention. More
generally, those skilled in the art will readily
appreciate that all parameters, dimensions, materials,
and configurations described herein are meant to be
exemplary and that the actual parameters, dimensions,
materials, and/or configurations will depend upon the
specific application or applications for which the
teachings of the present invention is/are used. Those
skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation,
many equivalents to the specific embodiments of the
invention described herein. It is, therefore, to be
understood that the foregoing embodiments are
presented by way of example only and that, within the
scope of the appended claims and equivalents thereto,
the invention may be practiced otherwise than as
specifically described and claimed. The present
invention is directed to each individual feature,
system, article, material, kit, and/or method
described herein. In addition, any combination of two
or more such features, systems, articles, materials,
kits, and/or methods, if such features, systems,
articles, materials, kits, and/or methods are not
mutually inconsistent, is included within the scope of
the present invention. The indefinite articles "a" and
"an," as used herein in the specification and in the
claims, unless clearly indicated to the contrary,
should be understood to mean "at least one."
1232400-1The phrase "and/or," as used herein in the
specification and in the claims, should be understood
to mean "either or both" of the elements so conjoined,
i.e., elements that are conjunctively present in some
cases and disjunctively present in other cases. Other
elements may optionally be present other than the
elements specifically identified by the "and/or"
clause, whether related or unrelated to those elements
specifically identified unless clearly indicated to
the contrary. Thus, as a non-limiting example, a
reference to "A and/or B," when used in conjunction
with open-ended language such as "comprising" can
refer, in one embodiment, to A without B (optionally
including elements other than B); in another
embodiment, to B without A (optionally including
elements other than A); in yet another embodiment, to
both A and B (optionally including other elements);
etc. As used herein in the specification and in the
claims, "or" should be understood to have the same
meaning as "and/or" as defined above. For example,
when separating items in a list, "or" or "and/or"
shall be interpreted as being inclusive, i.e., the
inclusion of at least one, but also including more
than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms
clearly indicated to the contrary, such as "only one
of or "exactly one of," or, when used in the claims,
"consisting of," will 



refer to the inclusion of exactly one element of a
number or list of elements. In general, the term "or"
as used herein shall only be interpreted as indicating
exclusive alternatives (i.e. "one or the other but not
both") when preceded by terms of exclusivity, such as
"either," "one of," "only one of," or "exactly one
of." "Consisting essentially of," when used in the
claims, shall have its ordinary meaning as used in the
field of patent law. As used herein in the
specification and in the claims, the phrase "at least
one," in reference to a list of one or more elements,
should be understood to mean at least one element
selected from any one or more of the elements in the
list of elements, but not necessarily including at
least one of each and every element specifically
listed within the list of elements and not excluding
any combinations of elements in the list of elements.
This definition also allows that elements may
optionally be present other than the elements
specifically identified within the list of elements to
which the phrase "at least one" refers, whether
related or unrelated to those elements specifically
identified. Thus, as a non-limiting example, "at least
one of A and B" (or, equivalently, "at least one of A
or B," or, equivalently "at least one of A and/or B")
can refer, in one embodiment, to at least one,
optionally including more than one, A, with no B
present (and optionally including elements other than
B); in another embodiment, to at least one, optionally
1232400-1including more than one, B, with no A present
(and optionally including elements other than A); in
yet another embodiment, to at least one, optionally
including more than one, A, and at least one,
optionally including more than one, B (and optionally
including other elements); etc. In the claims, as well
as in the specification above, all transitional
phrases such as "comprising," "including," "carrying,"
"having," "containing," "involving," "holding," and
the like are to be understood to be open-ended, i.e.,
to mean including but not limited to. Only the
transitional phrases "consisting of and "consisting
essentially of shall be closed or semi-closed
transitional phrases, respectively, as set forth in
the United States Patent Office Manual of Patent
Examining Procedures, Section 2 111.03. EXAMPLES The
present invention is now more specifically illustrated
below with reference to Examples. However, the present
invention is not restricted to these Examples. Example
1 The following example describes a general procedure
for the preparation of titanium compounds (e.g,.
catalysts), as described herein. Ti(Ow-Bu)4 (0.5 mmol)
and 0.1 equiv. of Na2B4O7-10H2O were placed in a
reaction vial in a glovebox, and 3 mL of dry toluene
(10-30 ppm of water) were added. The solution was
stirred under nitrogen atmosphere for 18 h at room
temperature. The solution was then filtered and dry
toluene (10-30 ppm water) was added to form a 10 mL
solution, which was stirred further for 24- 72 h to
obtain a 0.05 M toluene solution of partially
hydrolyzed Ti(On-Bu) 4 pre-catalyst. Alternatively,
the partially hydrolyzed Ti-alkoxide pre-catalyst was
prepared using toluene having 200-400 ppm water.
Ti(On-Bu)4 (0.5 mmol) was placed in a reaction vial in
a glovebox, and 10 mL of toluene having 200-400 ppm
water was added. The solution was stirred for 18-72 h
at room temperature to obtain a 0.05 M toluene
solution of partially hydrolyzed Ti(On-Bu)4
pre-catalyst. Both methods can also be carried out
without maintaining strictly inert conditions such as
adding toluene outside the glovebox and stirring for
the desired time. Finally, the chiral titanium
catalyst was prepared in situ by stirring the 0.05 M
toluene solution of partially hydrolyzed Ti(On-Bu)4
(200 microliters) with the optically active ligand
shown in Table 1 in 500 microliters of toluene for 30
minutes. Example 2 1232400-1The following example
describes a general procedure for the use of titanium
compounds in the asymmetric cyanation of imines, as
described herein. The chiral titanium catalyst,
prepared according to the methods described in Example
1, was used in the asymmetric cyanation reaction shown
in FIG. 2. The chiral titanium catalyst (10 mol %based
on the imine substrate) was placed in a flask, and
Nbenzylbenzylidineamine (0.2 mmol) and trimethylsilyl
cyanide (2 equivalents based on the imine substrate)
were added. The resulting material was stirred at room
temperature for 20 hours, and NMR and HPLC analysis
were carried out to determine the yield and
enantiomeric excess (ee) of the product. The results
are shown in Table 1. Example 3 The asymmetric
cyanation reaction was carried out in the same manner
as in Example 2 except that the optically active
ligand as shown in Table 1 was used. The results are
shown in Table 1. Example 4 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 2 except that the optically active ligand as
shown in Table 1 was used. The results are shown in
Table 1. Example 5 The asymmetric cyanation reaction
was carried out in the same manner as in Example 2
except that the optically active ligand as shown in
Table 1 was used and the reaction was stirred at room
temperature for 47 hours. The results are shown in
Table 1. Example 6 The asymmetric cyanation reaction
was carried out in the same manner as in Example 2
except that the optically active ligand as shown in
Table 1 was used. The results are shown in Table 1.
Table 1. Screening of ligands for asymmetric cyanation
of imines. 1232400-1Example 7 In the following
example, the asymmetric cyanation reaction was carried
out using an alcohol as an additive. The chiral
titanium catalyst was prepared in situ by stirring the
required amount of partially hydrolyzed Ti(On-Bu)4 in
toluene for 30 min together with the optically active
ligand shown in Example 4, with water content and mmol
ratio of Ti:water during partial hydrolysis partial
hydrolysis as indicated in Table 2. The chiral
titanium catalyst was then used directly in the
asymmetric cyanation of imines, according to the
following general procedure. The chiral titanium
catalyst (10 mol % based on the imine substrate) was
placed in a flask, and -benzylbenzylidineamine (0.2
mmol), trimethylsilyl cyanide (2 equivalents relative
to the imine substrate), and butanol (1.0 equivalent
based on the imine substrate) as an additive, were
added in order. The resulting material was stirred at
room temperature for 2 hours, and NMR and HPLC
analysis were carried out to determine the yield and
enantiomeric excess (ee) of the product. The results
are shown in Table 2. Example 8 The asymmetric
cyanation reaction was carried out in the same manner
as in Example 7 except that the reaction was stirred
at room temperature for 4 hours. The results are shown
in Table 2. Example 9 1232400-1The asymmetric
cyanation reaction was carried out in the same manner
as in 



Example 7 except that 1.5 equivalents of butanol were
used based on the imine substrate, and the reaction
was stirred at room temperature for 1 hour. The
results are shown in Table 2. Example 10 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 7 except that 0.5
equivalents of butanol were used based on the imine
substrate. The results are shown in Table 2. Example 1
1 The asymmetric cyanation reaction was carried out in
the same manner as in Example 7 except that residual
water was used as the hydrolyzing agent, with a water
content and mmol ratio of Ti:water, during partial
hydrolysis, as indicated in Table 2. The results are
shown in Table 2. Example 12 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 7 except that residual water was used as the
hydrolyzing agent, with a water content and mmol ratio
of Ti:water, during partial hydrolysis, as indicated
in Table 2. The reaction was stirred at room
temperature for 15 minutes. The results are shown in
Table 2. Example 13 The asymmetric cyanation reaction
was carried out in the same manner as in Example 7
except that water (0.5 equivalents based on the imine
substrate) was used as the additive, and the reaction
was stirred at room temperature for 15 min. The
results are shown in Table 2. Example 14 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 7 except that water (0.5
equivalents based on the imine substrate) was used as
the additive, and the reaction was stirred at room
temperature for 30 min. The results are shown in Table
2. Example 15 The asymmetric cyanation reaction was
carried out in the same manner as in Example 7 except
that water (0.5 equivalents based on the imine
substrate) was used as the additive. The results are
shown in Table 2. 1232400-1Example 16 The asymmetric
cyanation reaction was carried out in the same manner
as in Example 7 except that water (1.0 equivalent
based on the imine substrate) was used as the
additive. The results are shown in Table 2. Example 17
The asymmetric cyanation reaction was carried out in
the same manner as in Example 7 except that water (1.5
equivalents based on the imine substrate) was used as
the additive. The results are shown in Table 2.
Example 18 The asymmetric cyanation reaction was
carried out in the same manner as in Example 7 except
that water (0.5 equivalents based on the imine
substrate) was used as the additive. The results are
shown in Table 2. Example 19 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 7 except that water (0.25 equivalents based on
the imine substrate) was used as the additive, and the
reaction was stirred at room temperature for 15 min.
The results are shown in Table 2. Example 20 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 7 except that water (0.25
equivalents based on the imine substrate) was used as
the additive, and the reaction was stirred at room
temperature for 1 hour. The results are shown in Table
2. Example 2 1 The asymmetric cyanation reaction was
carried out in the same manner as in Example 7 except
that residual water was used as the hydrolyzing agent,
with a water content and mmol ratio of Ti:water,
during partial hydrolysis, as indicated in Table 2.
Water (0.5 equivalents based on the imine substrate)
was used as the additive, and the reaction was stirred
at room temperature for 15 min. The results are shown
in Table 2. Example 22 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 7 except that residual water was used as the
hydrolyzing agent, with a water content and mmol ratio
of Ti:water, during partial hydrolysis, as indicated
in Table 2. 1232400-1Water (0.5 equivalents based on
the imine substrate) was used as the additive, and the
reaction was stirred at room temperature for 45 min.
The results are shown in Table 2. Example 23 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 7 except that residual water
was used as the hydrolyzing agent, with a water
content and mmol ratio of Ti:water, during partial
hydrolysis, as indicated in Table 2. Water (0.25
equivalents based on the imine substrate) was used as
the additive, and the reaction was stirred at room
temperature for 15 min. The results are shown in Table
2. Example 24 The asymmetric cyanation reaction was
carried out in the same manner as in Example 7 except
that residual water was used as the hydrolyzing agent,
with a water content and mmol ratio of Ti:water,
during partial hydrolysis, as indicated in Table 2.
Water (0.25 equivalents based on the imine substrate)
was used as the additive, and the reaction was stirred
at room temperature for 30 min. The results are shown
in Table 2. Example 25 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 7 except that residual water was used as the
hydrolyzing agent, with a water content and mmol ratio
of Ti:water, during partial hydrolysis, as indicated
in Table 2. Water (0.25 equivalents based on the imine
substrate) was used as the additive, and the reaction
was stirred at room temperature for 1 hour. The
results are shown in Table 2. Table 2. Effect of
additives with different partially hydrolyzed
Ti(OnBu)4. 1232400-1Example 26 In the following
example, the asymmetric cyanation reaction was carried
out using an alcohol as an additive. The chiral
titanium catalyst was prepared in situ by stirring the
required amount of partially hydrolyzed Ti(On-Bu)4 in
toluene for 30 min together with the optically active
ligand as shown in Example 4 and residual water (200
ppm) during partial hydrolysis. The chiral titanium
catalyst was then used directly in the asymmetric
cyanation of imines, according to the following
general procedure. The chiral titanium catalyst (10
mol %based on the imine substrate) was placed in a
flask, and iV-benzylbenzylidineamine (0.2 mmol),
trimethylsilyl cyanide (1.5 equivalents relative to
the imine substrate), and butanol (1.0 equivalent
based on the imine substrate) as an additive, were
added in 



order. The reaction mixture was stirred at room
temperature for 15 min, and NMR and HPLC analysis were
carried out to determine the yield and enantiomeric
excess (ee) of the product. The results are shown in
Table 3. Example 27 1232400-1The asymmetric cyanation
reaction was carried out in the same manner as in
Example 26 except that Ti(OEt)4 was used to prepare
the chiral titanium catalyst. The results are shown in
Table 3. Example 28 The asymmetric cyanation reaction
was carried out in the same manner as in Example 26
except that Ti(OiPr)4 was used to prepare the chiral
titanium catalyst. The results are shown in Table 3.
Table 3 : Effect of partially hydrolyzed Ti alkoxides
prepared from various Ti alkoxide monomers. Example 29
In the following example, the asymmetric cyanation
reaction was carried out without strictly following
inert conditions. The chiral titanium catalyst was
prepared in situ by stirring the required amount of
partially hydrolyzed Ti(On-Bu)4 in toluene for 30 min
together with the optically active ligand as shown in
Example 4 and residual water (200 ppm) during partial
hydrolysis. The chiral titanium catalyst was then used
directly in the asymmetric cyanation of imines,
according to the following general procedure. The
chiral titanium catalyst (10 mol % based on the imine
substrate) was placed in a flask, and
Lf-benzylbenzylidineamine (0.2 mmol), trimethylsilyl
cyanide (2.0 equivalents relative to the imine
substrate), and butanol as an additive (1.0 equivalent
based on the imine substrate), were added in order.
The resulting material was stirred at room temperature
for 15 min, and NMR and HPLC analysis were carried out
to determine the yield and enantiomeric excess (ee) of
the product. The results are shown in Table 4. Example
30 The asymmetric cyanation reaction was carried out
in the same manner as in Example 29, except that 5 mol
% chiral titanium catalyst was used based on the imine
substrate. The results are shown in Table 4.
1232400-1Example 31 The asymmetric cyanation reaction
was carried out in the same manner as in Example 29,
except that 2.5 mol % chiral titanium catalyst was
used based on the imine substrate. The results are
shown in Table 4. Example 32 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 29, except that 2.5 mol % chiral titanium
catalyst was used based on the imine substrate and the
reaction was stirred at room temperature for 30 min.
The results are shown in Table 4. Example 33 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 29, except that 1.0 mol %
chiral titanium catalyst was used based on the imine
substrate. The results are shown in Table 4. Example
34 The asymmetric cyanation reaction was carried out
in the same manner as in Example 29, except that 1.0
mol % chiral titanium catalyst was used based on the
imine substrate and the reaction was stirred at room
temperature for 30 min. The results are shown in Table
4. Example 35 The asymmetric cyanation reaction was
carried out in the same manner as in Example 29,
except that 5.0 mol % chiral titanium catalyst and 1.5
equivalents of TMSCN were used, based on the imine
substrate. The results are shown in Table 4. Example
36 The asymmetric cyanation reaction was carried out
in the same manner as in Example 29, except that 5.0
mol % chiral titanium catalyst and 1.5 equivalents of
TMSCN were used, based on the imine substrate, and the
reaction was stirred at room temperature for 30 min.
The results are shown in Table 4. Example 37 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 29, except that 5.0 mol %
chiral titanium catalyst and 1.0 equivalents of TMSCN
were used, based on the imine substrate, and the
reaction was stirred at room temperature for 30 min.
The results are shown in Table 4. Example 38
1232400-1The asymmetric cyanation reaction was carried
out in the same manner as in Example 29, except that
5.0 mol % chiral titanium catalyst and 1.05
equivalents of TMSCN were used, based on the imine
substrate, and the reaction was stirred at room
temperature for 1 hour. The results are shown in Table
4. Example 39 In the following example, the asymmetric
cyanation reaction was carried out with according to
the following general procedure. The chiral titanium
catalyst was prepared in situ by stirring the required
amount of partially hydrolyzed Ti(On-Bu) 4 in toluene
with 200 ppm water for 30 min together with the
optically active ligand as shown Table 5(in toluene
with 200 ppm water). The chiral titanium catalyst was
then used directly in the asymmetric cyanation of
imines. The chiral titanium catalyst (5 mol % based on
the imine substrate) was placed in a flask, and
-benzylbenzylidine-amine (0.2 mmol), trimethylsilyl
cyanide (1.5 equivalents relative to the imine
substrate), and butanol as an additive (1.0 equivalent
based on the imine substrate), were added in order.
The resulting material was stirred at room temperature
for 15-60 min, and NMR and HPLC analysis were carried
out to determine the yield and enantiomeric excess
(ee) of the product. The results are shown in Table 5.
Example 40 1232400-1The asymmetric cyanation reaction
was carried out in the same manner as in Example 39,
except using the optically active ligand as indicated
in Table 5. The results are shown in Table 5. Example
4 1 The asymmetric cyanation reaction was carried out
in the same manner as in Example 39, except using the
optically active ligand as indicated in Table 5. The
results are shown in Table 5. Example 42 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 39, except using the
optically active ligand as indicated in Table 5. The
results are shown in Table 5. Example 43 The
asymmetric cyanation reaction was carried out in the
same manner as in 



Example 39, except using the optically active ligand
as indicated in Table 5. The results are shown in
Table 5. Example 44 The asymmetric cyanation reaction
was carried out in the same manner as in Example 39,
except using the optically active ligand as indicated
in Table 5. The results are shown in Table 5. Table 5.
Effect of chiral ligands for the cyanation of
iV-Benzylbenzylidineamine. 1232400-1Example 45 In the
following example, the asymmetric cyanation reaction
was carried out with according to the following
general procedure. The chiral titanium catalyst was
prepared in situ by stirring the required amount of
partially hydrolyzed Ti(On-Bu)4 in toluene having 200
ppm water for 30 min together with the optically
active ligand as shown in Example 4 (in toluene with
200 ppm water). The chiral titanium catalyst was then
used directly in the asymmetric cyanation of imines.
The chiral titanium catalyst (5 mol %based on the
imine substrate) was placed in a flask, and the imine
as indicated in Table 6 (0.2 mmol), trimethylsilyl
cyanide (1.5 equivalents relative to the imine
substrate), and butanol as an additive (1.0 equivalent
based on the imine substrate), were added in order.
The resulting material was stirred at room temperature
for 15-60 min, and NMR and HPLC analysis were carried
out to determine the yield and enantiomeric excess
(ee) of the product. The results are shown in Table 6.
Example 46 The asymmetric cyanation reaction was
carried out in the same manner as in Example 45,
except using the imine substrate as indicated in Table
6. The results are shown in Table 6. Example 47 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 45, except using the imine
substrate as indicated in Table 6. The results are
shown in Table 6. Example 48 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 45, except using the imine substrate as
indicated in Table 6. The results are shown in Table
6. Example 49 1232400-1The asymmetric cyanation
reaction was carried out in the same manner as in
Example 45, except using the imine substrate as
indicated in Table 6. The results are shown in Table
6. Example 50 The asymmetric cyanation reaction was
carried out in the same manner as in Example 45,
except using the imine substrate as indicated in Table
6. The results are shown in Table 6. Example 5 1 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 45, except using the imine
substrate as indicated in Table 6. The results are
shown in Table 6. Example 52 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 45, except using the imine substrate as
indicated in Table 6. The results are shown in Table
6. Example 53 The asymmetric cyanation reaction was
carried out in the same manner as in Example 45,
except using the imine substrate as indicated in Table
6. The results are shown in Table 6. Example 54 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 45, except using the imine
substrate as indicated in Table 6. The results are
shown in Table 6. Example 55 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 45, except using the imine substrate as
indicated in Table 6. The results are shown in Table
6. Example 56 The asymmetric cyanation reaction was
carried out in the same manner as in Example 45,
except using the imine substrate as indicated in Table
6. The results are shown in Table 6. Example 57
1232400-1The asymmetric cyanation reaction was carried
out in the same manner as in Example 45, except using
the imine substrate as indicated in Table 6. The
results are shown in Table 6. Example 58 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 45, except using the imine
substrate as indicated in Table 6. The results are
shown in Table 6. Example 59 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 45, except using the imine substrate as
indicated in Table 6. The results are shown in Table
6. Example 60 The asymmetric cyanation reaction was
carried out in the same manner as in Example 45,
except using the imine substrate as indicated in Table
6. The results are shown in Table 6. Example 6 1 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 45, except using the imine
substrate as indicated in Table 6. The results are
shown in Table 6. Example 62 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 45, except using the imine substrate as
indicated in Table 6. The results are shown in Table
6. Example 63 The asymmetric cyanation reaction was
carried out in the same manner as in Example 45,
except using the imine substrate as indicated in Table
6. The results are shown in Table 6. Example 64 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 45, except using the imine
substrate as indicated in Table 6. The results are 



shown in Table 6. Example 65 1232400-1The asymmetric
cyanation reaction was carried out in the same manner
as in Example 45, except using the imine substrate as
indicated in Table 6. The results are shown in Table
6. Example 66 The asymmetric cyanation reaction was
carried out in the same manner as in Example 45,
except using the imine substrate as indicated in Table
6. The results are shown in Table 6. Example 67 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 45, except using the imine
substrate as indicated in Table 6. The results are
shown in Table 6. Example 68 The asymmetric cyanation
reaction was carried out in the same manner as in
Example 45, except using the imine substrate as
indicated in Table 6. After the reaction,
trifluoroacetic anhydride was added to convert the
aminonitrile to the trifluoroacetamide derivative for
analysis. The results are shown in Table 6. Example 69
The asymmetric cyanation reaction was carried out in
the same manner as in Example 45, except using the
imine substrate as indicated in Table 6. After the
reaction, trifluoroacetic anhydride was added to
convert the aminonitrile to the trifluoroacetamide
derivative for analysis. The results are shown in
Table 6. Example 70 The asymmetric cyanation reaction
was carried out in the same manner as in Example 45,
except using the imine substrate as indicated in Table
6. After the reaction, trifluoroacetic anhydride was
added to convert the aminonitrile to the
trifluoroacetamide derivative for analysis. The
results are shown in Table 6. Example 7 1 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 45, except using the imine
substrate as indicated in Table 6. After the reaction,
1232400-1trifluoroacetic anhydride was added to
convert the aminonitrile to the trifluoroacetamide
derivative for analysis. The results are shown in
Table 6. Example 72 The asymmetric cyanation reaction
was carried out in the same manner as in Example 45,
except using the imine substrate as indicated in Table
6. After the reaction, trifluoroacetic anhydride was
added to convert the aminonitrile to the
trifluoroacetamide derivative for analysis. The
results are shown in Table 6. Example 73 The
asymmetric cyanation reaction was carried out in the
same manner as in Example 45, except using the imine
substrate as indicated in Table 6. After the reaction,
trifluoroacetic anhydride was added to convert the
aminonitrile to the trifluoroacetamide derivative for
analysis. The results are shown in Table 6. Example 74
The asymmetric cyanation reaction was carried out in
the same manner as in Example 45, except using the
imine substrate as indicated in Table 6. The results
are shown in Table 6. Example 75 The asymmetric
cyanation reaction was carried out in the same manner
as in Example 45, except using the imine substrate as
indicated in Table 6. The results are shown in Table
6. Table 6. Substrate scope for the asymmetric
cyanation of imines. 1232400-1N-HETEROCYCLIC CARBENE
(NHC) CATALYZED SYNTHESIS OF HYDROXAMIC ACIDS This
application claims the benefit of, and priority from,
U.S. Provisional Patent Application Serial No.
60/907,133, filed March 22, 2007, and U.S. Provisional
Patent Application Serial No. 61/006,771, filed
January 30, 2008, which are both incorporated herein
by reference. This invention relates to a process for
preparing a hydroxamic acid comprising reacting an
aldehyde with a nitroso compound in the presence of a
IV-heterocyclic carbene (NHC) catalyst. BACKGROUND
Hydroxamic acids play a number of roles in a range of
biological and biochemical processes and systems.
Accordingly, hydroxamic acids have been and continue
to be investigated and their chemistry and
biochemistry are well documented. . Hydroxamic acids
have been reported to act in a number of different
capacities, including as antibacterial, antifungal and
anticancer agents, and as specific enzyme inhibitors.
Use of hydroxamic acids as metal ion chelators has
been reported. A number of groups have reported on the
investigation of hydroxamic acids in human clinical
trials as drugs for the treatment of several diseases.
Pathways for synthesizing hydroxamic acids are of
interest due to their pharmacological, toxicoiogical
and pathological properties. Approaches for
synthesizing hydroxamic acids have been reported,
including reactions involving the acylation of
hydroxylamines . Other pathways for synthesizing
hydroxamic acids have been reported, including
reactions involving the oxidation of arylacylamides
.Preparation of hydroxamic acids involving the
reaction of nitroso compounds has been reported.
Nitroso compounds have been reported as exhibiting a
high reactivity of the nitroso group. The polarization
of the nitrogenoxygen bond, resembling that of the
carbon-oxygen bond in a carbonyl group, results in
susceptibility of the . nitroso group to the addition
of nucleophiles . Preparation of i\J-arylhydroxamic
acids involving the. reaction of aromatic nitroso
compounds with oxoacids in the presence of acidic
media has been reported. The conversion of aromatic
nitroso compounds into hydroxamic acids using
thiamine-dependent enzymes, such as a-ketoglutarate
dehydrogenase, pyruvate decarboxylase and
trahsketolase, has been reported (see, for example,
Corbett, M . D.; Corbett, B . R.; Doerge, D . R . J . 



Chem. Soc. Perkln Trans. I 1982, 345 and references
therein; and Corbett, M . D.; Doerge, D . R.; Corbett,
B . R . J . Chem. Soc. Perkin Trans. I 1983, 765) .
Many groups have reported that organocatalytic
reactions provide an efficient means for metal-free
carbonnitrogen (C-N) bond and carbon-carbon (C-C) bond
formation. Examples of organocatalytic C-N bond
formation reactions, including LT-nitroso aldol
reaction of enamines selectively forming
iV-hydroxyaminoketones, have been reported (see, for
example, Yamamoto, H . and Momiyama N . J . Am. Chem.
Soc. 2005, 127, 1080;- and Momiyama, N.; Yamamoto, Y.;
Yamamoto, H . J . Am. Chem. Soc. 2007, 129, 1190).
Many groups have reported that ^-heterocyclic carbene
catalysts can be used for metal-free C-C bond
formation via the nucleophilic "Breslow intermediate",
or the homoenolate equivalent species. Depending on
the electrophile, different types of reactions are
possible via both intermediates.Examples of the former
path have been reported, including benzoin
condensation, wherein an aryl aldehyde acts as the
electrophile, and the Stetter reaction, wherein a
Michael accepter acts as the electrophile. Other
examples of this path have been reported, including
redox reactions of -functionalized aldehydes to form
the corresponding esters or amides. Examples of C-C
bond forming reactions involving the homoenolate
equivalent species have been reported, including
lactonization, cyclopentannulation, and azannulation.
Approaches for the preparation of hydroxamic
acidsusing readily available reactants and catalysts
are desired. SUMMARY In one broad aspect f the present
invention, there is provided a process for preparing a
hydroxamic acid comprising reacting an aldehyde with a
nitroso compound in the presence of a NHC catalyst. In
another broad aspect of the present invention, there
is provided a process for preparing a chiral
hydroxamic acid comprising reacting a a-branched
aldehyde with a nitroso compound in the presence of an
achiral NHC catalyst. In a further broad aspect of the
present invention, there is provided a process for
preparing a chiral hydroxamic acid comprising reacting
a a-branched aldehyde with a nitroso compound in the
presence of a chiral NHC catalyst.In still another
aspect of the present invention, there is provided a
process for preparing
I\J-propionyloxy-I\Jphenylacrylamide . DETAILED
DESCRIPTION 5 I . Process for Preparing Hydroxamic
Acid In an embodiment of the present invention, an
aldehyde may b e reacted with a nitroso compound in
the presence of a NHC catalyst to prepare a hydroxamic
acid. .A . Aldehyde 0 The aldehyde which may be used
in the present invention is not particularly limited.
In an embodiment of the present invention, the
aldehyde may be, for example, and without limitation,
an alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl,
aryl, arylalkyl, arylalkenyl, arylalkynyl or 5
heterocyclic aldehyde which may b e substituted with
one or more substituents which are the same or
different. In an embodiment of the present invention,
the aldehyde may be, for example, and without
limitation, a compound represented by the formula (II)
: wherein R i may be, for example, and without
limitation, a hydrogen atom, a C -6 alkyl group which
may be substituted with one or more substituents which
are the same or 5 different, a C2- 6 alkenyl group
which may b e substituted with one o r more
substituents which are the same or different, a C2-6
alkynyl group which may b e substituted with one or
more substituents which are the same or different, a
C3-8 cycloalkyl group which may be substituted with
one or moresubstituents which are the same or
different, a C3-8 cycloalkenyl group which may be
substituted with one or more substituents which are
the same or different, a C6-I4 aryl group which may be
substituted with one or more substituents which are
the same or different, a C6-I4 aryl-Ci_ 6 alkyl group
which may be substituted with one or more substituents
which are the same or different, a C6-I4 aryl-C 2-6
alkenyl group which may be substituted with one or
more substituents which are the same or different, a C
-I aryl-C 2-6 alkynyl group which may be substituted
with one or more substituents which are- the same or
different, a 4- to 10-membered non-aromatic
heterocyclic group containing one or more heteroatoms
which are independently nitrogen, sulfur or oxygen and
which group may b e substituted with one or more
substituents which are the same or different, or a 5-
to 14-membered aromatic heterocyclic group containing
one or more heteroatoms which are independently
nitrogen, sulfur or oxygen and which group may b e
substituted with one or more substituents which are
the same or different. The following definitions of
the various groups as described herein are the same
for all occurrences of these groups throughout the
entire specification unless otherwise indicated. The
Ci_6 alkyl group of the alkyl containing groups which
may be substituted, may be, for example, and without
limitation, any straight or branched alkyl, for
example, 



methyl, ethyl, n-propyl, i-propyl, sec-propyl,
n-butyl, i-butyl, sec-butyl, t-butyl, n-pentyl,
i-pentyl, sec-pentyl, t-pentyl, n-hexyl, i-hexyl, 1
,2-dimethylpropyl, 2- ethylpropyl,
l-methyl-2-ethylpropyl, l-ethyl-2-methylpropyl, 1 , 1
,2-trimethylpropyl, 1 ,1 ,2-triethylpropyl, 1,1-
dimethylbutyl, 2 ,2-dimethylbutyl, 2-ethylbutyl, 1,3-
dimethylbutyl, 2-methylpentyl or 3-methylpentyl . The
Ci-6alkyl group may be, for example, and without
limitation, interrupted by one or more heteroatoms
which are independently nitrogen, sulfur or oxygen.
The C2-6 alkenyl group of the C2-6 alkenyl group which
may be substituted, may be, for example, and without
limitation, -any straight or branched alkenyl, for
example, vinyl, allyl, isopropenyl, l-propene-2-yl,
1-butene-l-yl, 1- butene-2-yl, l-butene-3-yl,
2-butene-l-yl or 2-butene-2-yl . The C2-6 alkenyl
group may be, for example, and without limitation,
interrupted by one or more heteroatoms which are
independently nitrogen, sulfur or oxygen. The C2-6
alkynyl group of the C2-6 alkynyl group which may be
substituted, may be, for example, and without
limitation, any straight or branched alkynyl, for
example, ethynyl, propynyl, butynyl, pentynyl or
hexynyl . The C -6 alkynyl group may be, for example,
and without limitation, interrupted by one or more
heteroatoms which are independently nitrogen, sulfur
or oxygen. The C3-g cycloalkyl group of the C3-8
cycloalkyl group which may be substituted, may be, for
.example, and without limitation, cyclopropanyl,
cyclobutanyl, cyclopentanyl, cyclohexanyl or
cycloheptanyl . The C3-8 cycloalkenyl group of the
C3-8 cycloalkenyl group which may be substituted, may
be, for example, and without limitation,
cyclopropenyl, cyclobutenyl, cyclopentenyl,
cyclohexenyl or cycloheptenyl. The C6-I4 aryl group of
the aryl containing groups which may be substituted,
may be, for example, and without limitation, phenyl,
pentalenyl, indenyl, naphthyl, azulenyl, heptalenyl,
benzocyclooctenyl o r phenanthrenyl .The C6_i4
aryl-Ci- 6 alkyl group of the C6_i4 aryl-Ci_ 6 alkyl
group which may be substituted, may be, for example,
and without limitation, a Ci-6 alkyl group as defined
anywhere above having a C -i4 aryl .group as defined
anywhere above as a substituent. The C -14 aryl-C2-6
alkenyl group of the C - aryl- C2-6 alkenyl group
which may be substituted, may be, for example, and
without limitation, a C2-6 alkenyl group as defined
anywhere above having a C6-14 aryl group as defined
anywhere above as a substituent. The C6-i4 aryl-C2~6
alkynyl group of the C -14 aryl- C2-6 alkynyl group
which may be substituted, may be, for example, and
without limitation, a C2-6 alkynyl group as defined
anywhere above having a C6-14 aryl group as defined
anywhere above as a substituent. The 4- to 10-membered
non-aromatic heterocyclic group containing one or more
heteroatoms which are independently nitrogen, sulfur
or oxygen of the 4- to 10-membered non-aromatic
heterocyclic group containing one or more heteroatoms
which are independently nitrogen, sulfur or oxygen and
which group may be substituted, may contain, for
example, and without limitation, from 1 to 4
heteroatoms which are independently nitrogen, sulfur
or oxygen. The 4- to 10-membered non-aromatic
heterocyclic group containing one or more heteroatoms
which are independently nitrogen, sulfur or oxygen may
be, for example, and without limitation, pyrrolidinyl,
pyrrolinyl, piperidinyl, piperazinyl, imidazolinyl,
pyrazolidinyl, imidazolydi-nyl, morpholinyl,
tetrahydropyranyl, azetidinyl, oxetanyl, oxathiolanyl,
phthalimide or succinimide . The 5- to 14-membered
aromatic heterocyclic group containing one or more
heteroatoms which are independent 1-ynitrogen, sulfur
or oxygen of the 5- to 14-membered aromatic
heterocyclic group containing one or more heteroatoms
which are independently nitrogen, sulfur or oxygen and
which group may be substituted, may contain, for
example, and without limitation, from 1 to 4
heteroatoms which are independently nitrogen, sulfur
or oxygen. The 5- to 14-membered aromatic heterocyclic
group containing one or more heteroatoms which are
independently nitrogen, sulfur or oxygen may be, for
example, and without limitation, pyrrolyl, pyridinyl,
pyridazinyl, pyrimidinyl, pirazinyl, imidazolyl,
thiazolyl or oxazolyl. Each of the Ci_6 alkyl, C2-6
alkenyl,- C2-6 alkynyl, C3-8 cycloalkyl, C3_8
cycloalkenyl, C b- sryl, C6-i4 aryl-Ci_6 alkyl, C6-i4
aryl-C2-6 alkenyl, C6_14 aryl-C2- 6 alkynyl, 4- t o
10-membered non-aromatic heterocylic and 5- to
14-membered aromatic heterocyclic groups may be
substituted with one or more substituents which are
the same or different. In an embodiment of the present
invention, each of the abovementioned groups may b e
substituted with, for example, and without limitation,
one to three substituents. The one or more
substituents for each of the above-mentioned groups,
which are the same or different, may be, for example,
and without limitation, a halogen atom, a hydroxyl
group, a thiol group, a nitro group, a nitrile group,
a cyano group; a Ci_ 6 alkyl, C2-6 alkenyl or C2-5
alkynyl group which may be substituted; a C3-8
cycloalkyl or C3-8 cycloalkenyl group which may b e
substituted; a C6-I4 aryl group which may be
substituted; a C6_14 aryl-Ci_ 6 alkyl, C -I aryl-C2-6
alkenyl or C -I aryl-C2- 6 alkynyl group which may b e
substituted; a 4- to 10-membered non-aromatic
heterocylic 



group containing 1 to 4 heteroatoms which are
independently nitrogen, oxygen .or sulfur and which
group may b e substituted, a 5- to 14-membered
aromatic heterocylic groupcontaining 1 to 4
heteroatoms which are independently nitrogen, oxygen
or sulfur and which group may b e substituted, a Ci-6
alkoxy group which may be substituted, a ' C3-8
cycloalkoxy group which may b e substituted; a Ci_6
alkylthio, C2-6 alkenylthio or C2-6 alkynylthio group
which may b e substituted; a C3_ cycloalkylthio or
C3-8 cycloalkenylthio group which may b e substituted;
a Cb- aryloxy group which may b e substituted, a 4- t
o 10-membered non-aromatic heterocycle-oxy group which
may b e substituted, a 5- to 14-membered aromatic
heterocycle-oxy group which may be substituted, a C6
14 arylthio group which may b e substituted, a 4- to
10-membered non-aromatic heterocyclethio group which
may b e substituted, a 5- to 14-membered aromatic
heterocycle-thio group which may be substituted, an
amino group which may be substituted, an azide group,
a guanidino group, a carbamide group, a formyl group,
a Ci_ 6 imidoyl group, a carbonyl group which is
substituted, a carbonyl-oxy group which is
substituted, a carboxy group, a carbamoyl group which
may be substituted, a C1-4 alkylenedioxy group, a
sulfanyl group, a sulfinyl group which is substituted,
a sulfonyl group which i s substituted, a Ci- 6
alkoxycarbonyl group, a Ci_ 6 alkylsulfonyl group, an
oxo group or a Ci-6 alkoxyimino group. In an
embodiment of the present invention, R i is, for
example, a C -6 alkyl group, a C2-6 alkenyl group
which may be substituted with Ci_ 6 alkoxycarbonyl, a
C3-8 cycloalkyl group, a C6_i aryl group which may b e
substituted with Ci_6 alkoxy, nitro or halogen, a C
-14 aryl-Ci_6 alkyl group, a C -14 aryl-C2-6 alkenyl
group, a C6-14 aryl-C2-6 alkenyl group wherein the
C6-J .4 aryl may be substituted with one or more
substituents which are independently Ci- 6 alkoxy,
nitro or trif luoromethylsulfonyl, or a 5- to
14-membered aromatic heterocyclic group containing 1 t
o 4 heteroatoms which areindependently nitrogen,
oxygen or sulfur and which group may be substituted
with Cc- alkyl. B . Nitroso Compound The nitroso
compound which may be used in the present invention is
not particularly limited. In an embodiment of the
present invention, the nitroso compound may be, for
example, and without limitation, a compound
represented by the formula (III) : N=O :iii) R2'
wherein R 2 may be, for example, and without
limitation, a Ci_6 alkyl group which may be
substituted with one or more substituents which are
the same or different, a C2-6 alkenyl group which may
be substituted with one or more substituents which are
the same or different, a C2-6 alkynyl group which may
be substituted with one or more substituents which are
the same or different, a C3-8 cycloalkyl group which
may b e substituted with one or more substituents
which are the same or different, a C3-8 cycloalkenyl
group which may be substituted with one or more
substituents which are the same or different, a C -14
aryl group which may be substituted with one or more
substituents which are the same or different, a C -14
aryl-Ci-6 alkyl group which may be substituted with
one or more substituents which are the same or
different, a C 6-14 aryl-C 2-6 alkenyl group which may
be substituted with one or more substituents which are
the same or different, a C6-14 aryl-C 2-6 alkynyl
group which may be substituted with one or more
substituents which are the same or different, a C -
alkoxycarbonyl group which may b e substituted with
one ormore substituents which are the same or
different, a C6-14 aryloxycarbonyl group which may be
substituted with one or more substituents which are
the same or different, an amino-Ci-6 alkyl group which
may be substituted with one or more substituents which
are the same or different, an amirio-C6-i4 aryl group
which may be substituted with one or more substituents
which are the same or different, an acetyl group or an
amido group. Each of the C -6 alkyl, C2-6 alkenyl,
C2_6 alkynyl, C3-8 cycloalkyl, C3_8 cycloalkenyl,
C6-i4 aryl, C6_14 aryl-Cialkyl, C6-I aryl-C 2-6
alkenyl, C6-I4 aryl-C 2-6 alkynyl, Ci_ 6
alkoxycarbonyl, C6-i4 aryloxycarbonyl, amino-Ci- 6
alkyl and amino-Ce-14 aryl groups may be substituted
with one or more substituents -which are the same or
different. In an embodiment of the present invention,
each of the abovementioned groups may be substituted
with, for example, and without limitation, one to
three substituents. The. one or more substituents for
each of the above-mentioned groups, which are the same
or different, may be, for example, and without
limitation, the same substituents as defined anywhere
above for the aldehyde. In an exemplary embodiment of
the present invention, R2 may be, for example, and
without limitation, a phenyl group which may be
substituted with one or more substituents which are
the same or different. In an embodiment of the present
invention, R2 may be, for example, and without
limitation, a phenyl group which may be substituted
with one or more substituents, which are the same or
different, and are a halogen atom, an amino group
which may be substituted by C1 alkyl, a C -6 alkyl
group or a hydfoxyl group.C . Hydroxaraic Acid In an
embodiment of the present invention, the hydroxamic
acid may be, for example, and without limitation, 



a compound represented by the formula (I): wherein R i
and R2 may be defined as anywhere above. D . NHC
Catalyst The NHC catalyst that may be used in the
present invention is not particularly limited. In an
embodiment of the present invention, the NHC catalyst
may be derived from, for example, and without
limitation, a triazolium salt or an imidazolium salt.
In an embodiment of the present invention, the NHC
catalyst may be derived from, for example, and without
limitation, a triazolium salt. In an embodiment of the
present invention, the NHC catalyst may be derived
from, for example, and without limitation, a
triazolium salt represented by the formula:wherein X
may be, for example, and without limitation, BF4 , ClO
4 , Br or Cl" . In an embodiment of the present
invention, the NHC catalyst may be derived from, for
example, a triazolium salt represented by the formula:
In an embodiment of the present invention, the NHC
catalyst may .be derived from, for example, a
triazolium salt represented by the formula: In an
embodiment of the present invention, the NHC catalyst
may be derived from, for examp le , and without
limitation, a triazolium salt represented by the
formula:wherein R 9 may be, for example, and without
limitation, phenyl (Ph) which may be substituted,
i-propyl (1Pr) , mesityl (Mes) or 2
,6-diisopropylphenyl (2,6-1Pr-Ph); and X may be, for
example, and without limitation, Br , BF4 or Cl". In
an embodiment o f the present invention, the NHC
catalyst may be derived from, for example, and without
limitation, an imidazolium salt. In an embodiment o f
the present invention, the NHC catalyst may be derived
from, for example, and without limitation, an
imidazolium salt represented by the formula: wherein R
may be, for example, and without limitation, phenyl
(Ph), i-pr pyl (1Pr), mesityl (Mes). or 2,6-
diisopropylphenyl (2, 6-1Pr-Ph) ; and X may b e for
example, and without limitation, Br , .BF4 or Cl . In
an embodiment of the present invention, the NHC
catalyst may b e derived from, for example, an
imidazolium salt represented by the formula:wherein X
may be, for example, and without limitation, Br , BF4
or Cl . E . Preparation of Hydroxamic Acid In an
embodiment of the present invention, and without
limitation, there is provided a process for preparing
a hydroxamic acid represented by the formula (I) :
wherein R i and R2 may be defined as anywhere above,
which process comprises reacting an aldehyde
represented by the formula (II) : wherein R i may be
defined as above, with a nitroso compound represented
by the formula (III) : wherein R2 may be defined as
above, in the presence of- a NHC catalyst.An
embodiment of the present invention may be represented
by, for example, and without limitation, the following
scheme: wherein R i and R2 may be defined as anywhere
above. Without being bound by theory, it is believed
that the polarization of the nitrogen-oxygen bond of
the nitroso compound, resembling the polarization of
the carbon-oxygen bond in a carbonyl group, provides
the susceptibility of the nitroso. group to additions
of nucleophiles . By way of example, and without
limitation, as represented in the following scheme, it
is believed that the higher reactivity of the nitroso
group to nucleophilic attack than its carbonyl .group
counterpart gives rise to the reaction of the
intermediate ii with nitrosobenzene 2 forming a
hydroxamic acid 3 instead of acyloin.wherein R i is
defined as anywhere above, R is phenyl and R ' is a
hydrocarbon group including those as defined for R i
above . The amounts of the aldehyde and nitroso
compound which may be used in the present invention
are not particularly limited. Suitable amounts of the
aldehyde and nitroso compound would be understood to
and can be determined by those of ordinary skill in
the art. For example, and without limitation, those of
ordinary skill in the art would understand that the
aldehyde and nitroso compound may be used according to
their stoichiometric ratio. In an embodiment of the
present invention, the aldehyde, nitroso compound and
NHC catalyst may be, for example, and without
limitation, reacted in the presence of a base. The
base is not particularly limited and suitable bases
would be understood to and can be determined by those
of ordinary skill in the art. In an embodiment of the
present invention, the base may be a non-nucleophilic
base, for example, and without limitation, 1,8-
diazabicyclo [5. 4 .0 ]undec-7-ene (DBU), potassium
tertbutoxide (KO1 Bu), sodium bis (trimethylsilyl)
amide, potassium bis (trimethylsilyl) amide, lithium
tetramethylpiperidine or sodium tert-butoxide. In an
embodiment of the present invention, the base may be,
for example, 1,8- diazabicyclo [5. 4 .0 ]undec-7-ene
or potassium tert-butoxide. In an embodiment of the
present invention, the - reaction may be, for example,
and without limitation, carried out in the presence of
a suitable solvent. The solvent is not particularly
limited and suitable solvents would be understood to
and can be determined by those of 



ordinary skill in the art. In an embodiment of the
presentinvention, the solvent may be, for example, and
without limitation, an aprotic solvent. In an
embodiment of the present invention, the solvent may
be, for example, dichloromethane (CH2Cl2) or
tetrahydrofuran (THF) . The amount of the NHC catalyst
which may be used in the present invention is not
particularly limited. Suitable amounts of the NHC
catalyst would be understood to and can be determined
by those of ordinary skill in the art. In an
embodiment of the present invention, the amount of the
NHC catalyst may be, for example, and without
limitation, less than 20 mol%, for example, and
without limitation, from 0.125 to 20 mol%, and
including any specific value in this range, such as,
for example, and without limitation, from 0.5 to 20
mol%. The reaction time is not particularly limited
and suitable reaction times would be understood to and
can be determined by those of ordinary skill in the
art. In an embodiment of the present invention, the
reaction time may be, for example, and without
limitation, less than 24 hours, for example, and
without limitation, from 2 minutes to 24 hours, and
including any specific time in this range, such as,
for example, and without limitation, from 1 to 12
hours. The reaction temperature is not particularly
limited and suitable reaction temperatures would b e
understood to and can be determined by those of
ordinary skill in the art. In an embodiment of the
present invention, the reaction temperature may be,
for example, and without limitation, room temperature.
In an embodiment of the present invention, the
hydroxamic acid may be isolated and/or purified.
Suitable isolation and/or purification methods would
be understood to and can be determined by those of
ordinary skill in the art.For example, and without
limitation, those of ordinary skill in the art would
understand that the hydroxamic acid may be isolated
and/or purified by chromatographic methods or
crystallization. F . Process for Preparing Chiral
Hydroxamic Acid The above process for preparing the
hydroxamic acid may be modified as described below in
order to prepare a chiral hydroxamic acid using an
achiral NHC catalyst. In an embodiment of the present
invention, a a- branched aldehyde may be reacted with
a nitroso compound in the presence of an achiral NHC
catalyst to prepare a chiral hydroxamic acid. In an
embodiment of the present invention, a a-.branched
aldehyde which may have one enantioxner in excess of
the other (i.e., in enantiomeric excess or l ee") or
which may be enantiomerically pure may be reacted with
a nitroso compound in the presence of an achiral NHC
catalyst to prepare a chiral hydroxamic acid which may
be in enantiomeric excess or which may be
enantiomerically pure. In an embodiment of the present
invention, an enantiomerically pure a-branched
aldehyde may be reacted with a nitroso compound in the
presence of an achiral NHC catalyst to prepare an
enantiomerically pure chiral hydroxamic acid. The
achiral NHC catalyst is not particularly limited and
suitable achiral NHC catalysts would be understood to
and can be determined by those of ordinary skill in
the art.In an embodiment of the present invention, the
achiral NHC catalyst may be derived from, for example,
and without limitation, an achiral triazolium salt .
In an embodiment of the present invention, the achiral
triazolium salt may be represented by, for example,
the formula: wherein X" may be, for example, and
without limitation, BF4 , ClO4 , Br or Cl . The
skilled person will appreciate that the amount of the
a-branched aldehyde, the amount of the nitroso
compound, the base, the solvent, the amount of the NHC
catalyst, the reaction time, the reaction temperature,
the isolation methods and the purification methods
described above may also be used for preparing the
chiral hydroxamic acid as described herein. An
embodiment of the present invention for preparing the
chiral hydroxamic acid may be represented by, for
example, and without limitation, the following scheme:
CatalystThe above process for preparing the hydroxamic
acid may also be modified as described below in order
to prepare a chiral hydroxamic acid using a chiral NHC
catalyst. In an embodiment of the present invention, a
a-branched aldehyde may be reacted with a nitroso
compound in the presence of a chiral NHC catalyst to
prepare a chiral hydroxamic acid. In an embodiment of
the present invention, a a-branched aldehyde may be
reacted with a nitroso compound in the presence of a
chiral NHC catalyst to prepare a chiral hydroxamic
acid in enantiomeric excess. In an embodiment of the
present invention, a a-branched aldehyde racemate may
be reacted with a nitroso compound in the presence of
a chiral NHC catalyst to prepare a chiral hydroxamic
acid in enantiomeric excess. In an embodiment of the
present invention, a a-branched aldehyde racemate may
be reacted with a nitroso compound in the presence of
a chiral NHC catalyst to prepare a chiral hydroxamic
acid in enantiomeric excess, wherein a 



stoichiometric excess of the a-branched aldehyde
racemate is reacted. In an embodiment of the present
invention, a a-branched aldehyde racemate may be
reacted with a nitroso compound in the presence of a
chiral NHC catalyst to prepare a chiral hydroxamic
acid in enantiomeric excess, wherein a stoichiometric
excess of the a-branched aldehyde racemate is reacted
and the reaction is stopped at less than 100%
conversion of the aldehyde.In an embodiment of the
present invention, a a-branched. aldehyde racemate may
be reacted with a nitroso compound in the presence of
a chiral NHC catalyst to prepare a chiral hydroxamic
acid in enantiomeric excess, wherein a stoichiometric
excess of the a-branched aldehyde racemate is reacted
and the reaction is stopped at about 50% conversion of
the aldehyde. The chiral NHC catalyst is not
particularly limited and suitable chiral NHC catalysts
would be understood to and can be determined by those
of ordinary skill in the art. In an embodiment of the
present invention, the chiral- NHC catalyst may be
derived from, for example, and without limitation, a
chiral triazolium salt. In an embodiment of the
present invention, the chiral triazolium salt may be
represented by, for example, the formula: wherein X
may be, for example, and without limitation, BF4 " ,
ClO4 , Br or Cl . In an embodiment of the present
invention, the chiral triazolium salt may be
represented by, for example, the formula:wherein X may
be, for example, and without limitation, BF4 , ClO4 ,
Br or Cl" . In an embodiment of the present invention,
the chiral triazolium salt may be represented by, for
example, the formula: wherein X may be, for example,
and without limitation, BF4 , ClO4 Br or Cl . In an
embodiment of the present invention using a chiral
catalyst, a stoichiometric excess of .the a-branched
aldehyde may be used. Suitable amounts of the aldehyde
would be understood to and can be determined by those
of ordinary skill in the art. For example, and without
limitation, those of ordinary skill in the art would
understand that a ratio of the a-b ranched aldehyde to
the nitroso compound of 2:1 may be used. In an
embodiment of the present invention using a chiral
catalyst, for example, and without limitation, the
reaction may proceed with less than 100% conversion of
the a-branched aldehyde. Suitable amounts of
conversion of the a-branched aldehyde would be
understood to and can be determined by those of
ordinary skill in the art. For example, and without
limitation, those of ordinary skill in the art would
understand that the reaction may proceed with about
50% conversion of the a-branched aldehyde. The skilled
person will ^appreciate that the base, the solvent,
the amount of the NHC catalyst, the reactiontime, the
reaction temperature, the isolation methods and the
purification methods described above may also be used
for preparing the chiral hydroxamic acid as described
herein. An embodiment of the present invention for
preparing the chiral hydroxamic acid by kinetically
resolving the -branched aldehyde may be represented
by, for example, and without limitation, the following
scheme: In an embodiment of the present invention
using either an achiral or chiral catalyst, the
-branched aldehyde may be, for example, and without
limitation, a compound represented by the formula (V)
: wherein: (*) refers to a chiral center; and R .3 and
R , which are different, may be for example, and
without limitation, a halogen atom, a hydroxyl group,
a thiol group, a nitro group, a nitrile group, a cyano
group;a Ci-6 alkyl, C -6 alkenyl or C2-6 alkynyl group
which may be substituted; a C3-8 cycloalkyl or C3-8
cycloalkenyl group which may be substituted; a C -
aryl group which may be substituted, a C6-i4 aryl-Ci_6
alkyl group which may be substituted, a C -n aryl-C
2-6 alkenyl group which may be substituted, a C6-14
aryl-C 2-6 alkynyl group which may be substituted, a
4- to 10-membered non-aromatic heterocylic group
containing 1 to 4 heteroatoms which are independently
nitrogen, oxygen or sulfur and which group may be
substituted, a 5- to 14-member ed aromatic heterocylic
group containing 1 to 4 heteroatoms which are
independently nitrogen, oxygen or sulfur and which
group may be substituted, a Ca-6 alkoxy group which
may be substituted, a C3-8 cycloalkoxy group which may
be substituted; a Cialkylthio, C2-6 alkenylthio or C2-
alkynylthio group which may be substituted; a C3_8
cycloalkylthio or C3_8 cycloalkenylthio group which
may be substituted; a C6-I4 aryloxy group which may be
substituted, a 4- to 10-membered non-aromatic
heterocycle-oxy group which may be substituted, a 5-
to 14-membered aromatic heterocycle-oxy group which
may be substituted, a C6-14 arylthio group which may
be substituted, a 4- to 10-membered non-aromatic
heterocyclethio group which may be substituted, a 5-
to 14-membered aromatic heterocycle-thio group which
may be substituted, an amino group which may be
substituted, an azide group, a 



guanidino group, a carbamide group, a formyl group, a
C -6 imidoyl group, a carbonyl group which is
substituted, a carbonyl-oxy group which is
substituted, a carboxy group, a carbamoyl group which
may be substituted, a Ci_4 alkylenedioxy group, a
sulfanyl group, a sulfinyl group which is substituted,
a sulfonyl group which is substituted, . a C1-6
alkoxycarbonyl group, a Ci_ 6 alkylsulf onyl group, an
oxo group or a Ci-6 alkoxyimino group.In an embodiment
of the present invention, R3, for example, is a C1-6
alkyl group. .In an embodiment of the present
invention, R4, for example, is a phenyl group. In an
embodiment of the present invention using either an
achiral or chiral catalyst, the chiral hydroxamic acid
may be, for example, and without limitation, a
compound represented by the formula (IV) : wherein
(*), R2, R3 and R4 are as defined anywhere above.
Non-limiting examples of one process of the present
invention are described in more detail herein. 6 .
Examples All reactions were performed in oven-dried
(140 0C ) or flame-dried glassware under an inert
atmosphere of dry nitrogen or argon. All reaction
solvents were anhydrous, and were purchased from
Aldrich or Fluka. In general, reactions were monitored
by thin layer -chromatography using 0.25 mm E . Merck
silica gel coated glass plates (60F-254) with UV light
to visualize the course of reaction. Flash column
chromatography was performed using CombiFlash(tm)
(ISCO, Inc.). Chemical yields refer to pure isolated
substances.Gas chromatography-mass spectrometry
(GC-MS) was conducted using Shimadzu(tm) GC-2010
coupled with GCMS-QP2010. 1H and 13C nuclear -magnetic
resonance (NMR) spectra were obtained using a
Brucker(tm) AV-400 (400 MHz) spectrometer. Chemical
shifts were reported in ppm from tetramethylsilane
with the solvent resonance as the internal standard.
Data were reported in the following order: chemical
shift in ppm (d) (multiplicity were indicated by br
(broadened) , s (singlet) , d (doublet) , t (triplet)
, q (quartet) , m (multiplet) , mc (centered
multiplet) ); coupling constants (J, Hz); integration;
assignment. Studies using different NHC catalysts were
conducted by adding base (5 10~3 to 0.02 mmol) under
argon to a solution of benzaldehyde (10.6 mg, 0.1
mmol), nitroso compound (10.7 mg, 0.1 mmol) and the
catalyst (5 10 3 to 0.02 mmol) in solvent (0.5 ml).
The reaction mixture was stirred at room temperature
for 10 min. The yields were determined by GC.
N-hydroxy-N-phenylbenzamide DBU (3.8 mg, 0.025 mmol)
was added under argon to a solution of benzaldehyde
(106 mg, 1 mmol) , nitrosobenzene (107 mg, 1 mmol)
and. catalyst (1.82 mg, 0.005 mmol) in dichloromethane
(5 mL) . The reaction mixture was stirred at room
temperature for 10 min. The solvent was removed under
vacuum, and the residue was purified by flash silica
gel column chromatography using hexane and ethyl
acetate as the eluents.1H (400 MHz , CDCl3) : d = 9 .
05 (br s , IH, OH) , 7 . 45-7 . 36 (m, 3H, Ar-H) , 7 .
33-7 . 25 (m, 5H, Ar-H) , 7 . 22-7 . 19 (m, 2H, Ar-H)
. 13C (100 MHz , CDCl3) : d = 164 . 9 (Cq, CO) , 139 .
1 (Cq ) , 131 . 8 (Cq ) , 131 . 1 , 129 . 2 , 128 . 9,
128 . 3, 128 . 2 , 126. 0 . MS (ESI ) : m/z 197 (M+-O)
, 105 , 77 . L7-hydroxy-4-methoxy-I\J-phenylbenzamide
DBU (7.61 mg, 0.05 mmol) was added under argon t o a
solution o f 4-methoxybenzaldehyde (136 mg, 1 mmol) ,
nitrosobenzene (107 mg, 1 mmol) and catalyst (18.15
mg, 0.05 mmol) in dichloromethane (5 rtiL) . The
reaction mixture was stirred a t room temperature for
1 0 min. The solvent was removed under vacuum, and the
residue was. purified b y .flash silica gel column
chromatography using hexane and ethyl acetate a s the
eluents. 1H (400 MHz, CDCl 3 ) : d = 9.07 (br s , IH,
OH), 7.40 (AB, d , J B = 8.9 H z , 2H, Ar-H),
7.35-7.28 (m, 3H, Ar-H), 7.24-7.22 (m, 2H, Ar-H), 6.76
(AB, d , JAB = 8.9 Hz, 2H, Ar- H), 3.79 (s, 3H, C H 3
) . 13C (100 MHz, CDCl 3 ) : d = 165.1 (C q, CO),
161.7 (C q ) , 140.4 (C q ) , 131.0, 129.1, 127.9,
125.9, 124.3 (Cq), 113.4, 55.3. M S (ESI): m/z 227 (M
+-O), 135, 107, 92, 77.
l\7-hydroxy-4-nitro-iV-phenylbenzamideDBU (3.8 mg,
0.025 mmol) was added under argon to a solution of
4-nitrobenzaldehyde (151 mg, 1 mmol) , nitroso benzene
(107 mg, 1 mmol) and catalyst (1.82 mg, 0.005 mmol) in
dichloromethane (5 mL) . The reaction mixture was
stirred at room temperature for 10 min. The solvent
was removed under vacuum, and the residue was purified
by flash silica gel column chromatography using hexane
and ethyl acetate as the eluents. Scale up: DBU (3.8
mg, 0.025 mmol) was added under argon to a solution of
4-nitrobenzaldehyde (3 g , 20 mmol) , nitrosobenzene
(2.14 g , 20 mmol) and catalyst (9 mg, 0.025 mmol) in
dichloromethane (100 mL) . The reaction mixture was
stirred .at room temperature for 2 min. The product
precipitated a s a yellow solid. The solvent was
removed under vacuum, and the solid was washed with
hexane and ether to yield a pure product (5g) . 1H
(400 MHz, CDCl 3) : d = 8.93 (br s , IH, OH), 8.13
(AB, d , J B = 9.1 H z , 2H, Ar-H), 7.60 (AB, d , JAB
= 9.1 Hz , 2H, Ar-H), 7.36-7.34 (m, 3H, Ar-H),
7.24-7.22 (m, 2H, Ar-H). 13C (100 MHz, CDCl 3) : d =
162.7 (C q, CO), 148.9 (C q), 138.3, 138.0, 130.0,
129.5, 129.1 (C q), 126.2, 123.4. M S (ESI): m/z 242
(M +-O), 150, 134, 120, 104, 92, 76. 



4-Bromo-iV-hydroxy-i\/-phenylbenzamide DBU (3.8 mg,
0.025 mmol) was added under argon to a solution of
4-bromobenzaldehyde (185 mg, 1 mmol) , nitrosobenzene
(107 mg, 1 mmol) and catalyst (1.82 mg, 0.005 mmol) in
dichloromethane (5 mL) . The reaction mixture
wasstirred at room temperature for 10 min. The solvent
was removed under vacuum, and .the residue was
purified by flash silica gel column chromatography
using hexane and ethyl acetate as the eluents. 1H (400
MHz, CDCl 3) : d = 9.00 (br s , IH, OH), 7.41 (AB, d ,
J A B = 8.7 H z , 2H, Ar-H), 7.36-7.31 (m, 3H, Ar-H),
7.29 (AB, d , J A B = 8.7 H Z , 2H, Ar-H), 7.22-7.20
(m, 2H, Ar-H). 3C (100 MHz, CDCl 3 ) : d = 164.6 (C q,
CO), 139.3 (C q), 131-.5, 130.7 (C q ) , 130.5, 129.3,
128.6, 126.1, 125.8 (C q) . M S (ESI): TCL/Z 275 (M
+-O), 183, 155, 104, 76. W-hydroxy-l-methyl-
-phenyl-lH-imidazole-2-carboxamide DBU (3.8 mg, 0.025
mmol) was added under argon t o a solution of
l-methyl-lH-imidazole-2-carbaldehyde (110 mg, 1
iranol) , nitrosobenzene (107 mg, 1 mmol) and catalyst
(1.82 mg, 0.005 mmol) in dichloromethane (5 mL) . The
reaction mixture was stirred at room temperature for
10 min. The solvent was removed under vacuum, and the
residue was purified b y flash silica gel column
chromatography using hexane and ethyl acetate as the
eluents. 1H (400 MHz, CDCl 3 ) : d = 13.64 (br s , IH,
OH), 7.81 (d, J = 7.4 Hz, 2H, Ar-H), 7.42 (td, J =
2.0, 7.4 Hz, 2H, Ar-H), 7.24 (td, J = 1.2, 7.4 Hz, IH,
Ar-H), 7.11 (d, J = 1.1 Hz, 2H, HC=), 7.04 (d, J = 1.1
Hz, IH, HC=) , 4.12 (s, 3H, CH3) . 13C (100 MHz ,
CDCl3) : d = 153 . 7 (Cq, CO) , 139 . 7 (Cq ) , 139 .
0 (Cq) , 128 . 5, 12 6. 2 , 125 . 8, 125 . 1, 122 . 3,
36. 2 . MS . (ESI ) : m/z 201 (M+-O) , 184 , 172, 159,
109, 82 .i\J-hydroxy-I\F, 2-diphenylpr opanamide DBU
(30 mg, 0.2 mmol) was added under argon to a solution
of 2-phenylpropanal (134 mg, 1 mmol) , nitrosobenzene
(107 mg, 1 mmol) and catalyst (72.8 mg, 0.2 mmol) in
dichloromethane (5 mL) . The reaction mixture was
stirred at room temperature for 10 min. The solvent
was removed under vacuum, and the residue was purified
by flash silica gel column chromatography using hexane
and ethyl acetate as the eluents. 1H (400 MHz, CDCl 3)
: d = 8.91 (br s , IH, OH), 7.42- 7.39 (m, 3H, Ar-H),
7.28-7.21 (m, 5H, Ar-H), 7.15-7.10 (m, 2H, Ar-H), 3.72
(br s , IH, CH), 1.50 (br s , J = 7.0 Hz, 3H, CH3) .
13C (100 MHz, CDCl 3 ) : d = 169.5 (C q, CO), 140.7 (C
q), 138.1 (C q ) , 129.5, 129.4, 128.7, 127.7, 127.4,
127.1, 41.9, 19,8. M S (ESI): m/z 225 (M +-O), 132,
120, 105, 93, 77. Z\J-Hydroxy-I\F, 3-diphenylpr
opanamide DBU (15 mg, 0.1 mmol) was added under argon
to a solution of 3-phenylpropanal (134 mg, 1 mmol) ,
nitrosobenzene (107 mg, 1 mmol) and catalyst (36.4 mg,
0.1 mmol) in dichloromethane (5 mL) . The reaction
mixture was stirred at room temperature for 10 min.
The solvent was removed under vacuum, and the residue
was purified by flashsilica gel column chromatography
using hexane and ethyl acetate a s the eluents. 1H
(400 MHz, CDCl 3 ) : d = 9.34 (br s , IH OH), 7.40-
7.10 (m, 1OH, Ar-H), 2.97 (t, J = 7.4 Hz, 2H, CH 2 ) ,
2.57 (br s , 2H, C H 2 ) . 13C (100 MHz, CDCl 3 ) : d
167.7, 140.3, 138.2, 129.3, .128.7, 128.6, 128.4,
126.9, 126/4, 34.2, 31.4. M S (ESI): m/z 225 (M + -O),
105, 93. W-hydroxy- -phenylcyclohexanecarboxamide DBU
(15 mg, 0.1 mmol) was added under argon t o a solution
o f cyclohexanal (112 mg, 1 mmol) , nitrosobenzene
(107 mg, 1 mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichloromethane (5 iriL) . The reaction mixture was
stirred a t room temperature for 1 0 min. The solvent
was removed under vacuum, and the residue was purified
b y flash silica gel column chromatography using
hexane and ethyl acetate a s the eluents . 1H (400 MHz
, CDCl3) : d = 9 . 15 (br s , IH, OH) , 7 . 48- 7 . 30
(m, 5H, Ar-H) , 2 . 33 (br s , IH, CH) , 1 . 77-1 . 67
(m, 4H, CH2) , 1 . 65-1 . 55 (m, 3H, CH2) , 1 . 27-1 .
15 (m, IH, CH2) , 1 . 14- 1 . 01 (m, 2H, CH2) . 13C
(100 MHz , CDCl3) : d = 171 . 5 (Cq, CO) , 138 . 2
(Cq) , 12 9 . 4, 129 . 2 , 126 . 7 , 40 . 2 , 29 . 1,
25 . 6, 25 . 5, 25 . 4 . MS (ESI ) : m/z 203 (M+-O)
148 , 93 , 83 .N-hydroxy- -phenyl cycl opr
opanecarboxami de DBU (15 mg, 0.1 iranol) was added
under argon to a solution o f cyclopropanal (70 mg, 1
rnmol) , nitrosobenzene (107 mg, 1 mmol) and catalyst
(36.4 mg, 0.1 mmol) in dichloromethane (5 iriL) . The
reaction mixture was stirred at room temperature for 1
0 min. The solvent was removed under vacuum, and the
residue was purified b y flash silica gel column
chromatography using hexane and ethyl acetate a s the
eluents. 1H (400 MHz, CDCl 3 ) : d = 8.81 (br s , IH,
OH), 7.50-7.43 (m, 4H, Ar-H), 7.40-7.36 (m, IH, Ar-H),
1.68 (s, IH, CH), 1.17-1.13 (dddd, J = 3.0, 3.8, 4,7,
7.8 Hz, 2H, CH 2 ) , 0.85-0.80 (dddd, J = 3.0, 3.8,
4,1, 7.8 Hz, 2H, CH2 ) . 13C (100 MHz, CDCl 3 ) : d =
170.6 (C q , CO), 139.7 (C q ) , 129.1, 128.3, 126.2,
11.7, 8.5. M S (ESI): m/z 161 (M +-O), 106, 93, 77.
-V-hydroxy-N-phenylpentanamide DBU (15 mg, 0.1 mmol)
was added under argon t o a solution o f pentanal (86
mg, 1 mmol), nitrosobenzene (107 mg, 1 mmol) and
catalyst (36.4 mg, 0.1 mmol) in dichloromethane (5 mL)
. The reaction mixture was stirred a t room
temperature for 3 0 min. The solvent was removed under
vacuum, and the residue was purified b y flash silica
gelcolumn chromatography using hexane and ethyl
acetate a s the eluents. 1H (400 MHz, CDCl 3 ) : d =
9.25 (br s , IH OH), 



7 . 47-7 . 43 (m, 2H, Ar-H) , 7 . 41-7 . 37 (m, 3H,
Ar-H) , 2 . 31 (br t , J 7 . 4 Hz , 2H, CH2) , 1 . 64
(pentet, J = 7 . 4 Hz , 2H, CH2) , 1 . 29 (sextet, J =
7 . 4 Hz , 2H, CH2) , 0. 85 (t, J = 7 . 4 Hz , 3H,
CH3) 13C (100 MHz, CDCl3) : d = 169 . 3 (Cq , CO) ,
138 . 8 (Cq ) , 129 . 2, 126 . 8, . 121 . 4, 32 . 3,
27 . 4, 22 . 3, 13 . 8 . MS (ESI) : m/z 177 (M+-O) ,
135, 93 . (E) -N-hydroxy-JW-phenylcinnamamide DBU (15
mg, 0.1 mmol) was added under argon t o a solution o f
[E) -cinnamaldehyde (132 mg, 1 mmol), nitrosobenzene
(107 mg, 1 mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichloromethane (5 itiL) . The reaction mixture was
stirred a t room temperature for 1 0 min. The solvent
was removed under vacuum, and the residue was purified
b y flash silica gel column chromatography using
hexane and ethyl acetate a s the eluents. 1H (400 MHz,
CDCl 3 ) : d = 9.3 (br s , IH, OH), 7.78 (d, J = 15.6
Hz, IH, HC=), 7.51-7.39 (m, 7H, Ar-H), 7.35-7.33 (m,
3H, Ar-H), 6.55 (d, J = 15.6 Hz, IH, HC=). 13C (100
MHz, CDCl 3 ) : d = 161.8 (C q , CO), 143.1 (C q ) ,
137.8, ' 134.6, 130.1, 129.3, 129.0, 128.8, 128 .0 ,
126 .2 , 115.1. M S (ESI): m/z 223 (M +-O), 131, 103,
93, 77.(E) -iV-hydroxy-2-methyl-I\r,
3-diphenylacrylamide DBU (15 mg, 0.1 mmol) was added
under argon to a solution of (E)
-2-methyl-3-phenylacrylaldehyde (146 mg, 1 mmol) ,
nitrosobenzene (107 mg, 1 mmol) and catalyst (36.4 mg,
0.1 mmol) in dichloromethane (5 mL) . The reaction
mixture was stirred at room temperature for 10 min.
The solvent was removed under vacuum, and the residue
was purified by flash silica gel column chromatography
using hexane and ethyl acetate as the eluents. 1H (400
MHz, CDCl 3) : d = 9.04 (br s , IH, OH), 7.43- 7.38
(m, 4H, Ar-H), 7.37-7.30 (m, 3H, Ar-H), 7.28-7.24 (m,
IH, Ar-H), 7.16-7.14 (m, 2H, Ar-H), 6.84 (s, IH, HC=),
1.96 (d, J = 1.5 Hz, 3H, CH3) . 13C (100 MHz, CDCl 3)
: d = 167.8 (C q, CO), 140.6 (C q) , 137.7, 136.8,
130.9 (C q), 130.6, 130.4, 129.7, 129.4, 126.8, 15.8.
MS (ESI): m/z 237 (M +-O), 145, 117, 91. (E)
-W-hydroxy-3- (4-methoxyphenyl) -W-phenylacrylamide
DBU (7.5 mg, 0.05 mmol) was added under argon to a
solution of [E) -4-methoxycinnamaldehyde (162 mg, 1
mmol), nitrosobenzene (107 mg, 1 mmol) and catalyst
(18.2 mg, 0.05 mmol) in dichloromethane (5 mL) . The
reaction mixture was stirred at room temperature for
10 min. The solvent was removed under vacuum, and the
residue was purified by flashsilica gel column
chromatography using hexane and ethyl acetate as the
eluents. 1H (400 MHz, CDCl 3) : d = 9.18 (br s , IH,
OH), 7.73 (d, J = 15.6 Hz, IH, HC=), 7.50-7.40 (m, 5H,
Ar-H), 7.36 (AB, d , JAB 8.8 H , 2H, Ar-H), 6.85 (AB,
d , JB = 8.8 Hz, 2H, Ar-H), 6.43 (d, J = 15.6 Hz, IH,
HC=), 3.81 (s, 3H, CH3) . 13C (100 MHz, CDCl 3 ) : d =
161.2 (C q, CO), 142.7 (Cq), 137.8 (Cg), 129.7, 129.1,
128.9, 128.6, 127.4 (C q), 126.1, 114.2, 112.5, 55.4.
M S (ESI): m/z 253 (M +-O), 161, 133, 118. (E)
-W-hydroxy-3- (4-nitrophenyl) -IV-phenylacrylamide DBU
(7.5 mg, 0.05 mmol) was added under argon to a
solution of (E) -4-nitrocinnamaldehyde (177 mg, 1
mmol), nitrosobenzene (107 mg, 1 mmol) and catalyst
(18.2 mg, 0.05 mmol) in dichloromethane (5 mL) . The
reaction mixture was stirred at room temperature for
10 min. The solvent was removed under vacuum, and the
residue was purified by flash silica gel column
chromatography using hexane and ethyl acetate a s the
eluents. 1H (400 MHz, CDCl 3) : d = 9.64 (br s , IH,
.0H), 8.13 (d, J = 15.3 Hz, IH, =CH) , 7.98 (d, J =
8.1 Hz, IH, Ar-H), 7.57-7.39 (m, 8H, Ar-H), 6.42 (br s
, IH, =CH) . 13C (100 MHz, CDCl 3) : d = 160.6 (C q,
CO), 148.2, 138.3, 133.4, 130.9, 130.0, 129.5, 129.2,
126.6, 124.8, 120.7. M S .(ESI): 268 (M +-O), 176,
148.4- [ [E) -2- (-V-hydroxy-N-phenylcarbamoyl) vinyl]
-2-methoxyphenyl trif luorome thane sulf onate DBU (15
mg, 0.1 mmol) was added under argon t o a solution o f
[E) -3-methoxy-4-trif luoromethyl sulf
'onyloxycinnamaldehyde (310 mg, 1 mmol) ,
nitrosobenzene (107 mg, 1 mmol) and catalyst (36.4 mg,
0.1 mmol) in dichloromethane (5 rtiL) . The reaction
mixture was stirred at room temperature for 1 0 min.
The solvent was removed under vacuum, and the residue
was purified b y flash silica gel column
chromatography using hexane and ethyl acetate a s the
eluents. 1H (400 MHz, CDCl3 ) : d = 9 . 24 (br s , IH,
OH) , 7 . 72 (d, J = 15 . 5 Hz , IH, =CH) , 7 . 53-7 .
44 (m, 5H, Ar-H) , 7 . 18 (d, J = 8 . 6 Hz , IH, Ar-H)
, 7 . 03 (d, J = 8 . 6 Hz , IH, Ar-H) , 7 . 02 (s ,
IH, Ar-H) , 6 . 53 (br s , IH, =CH) , 3 . 91 (s , 3H,
OMe) . 13C (100 MHz , CDCl3) : d = 160 . 7 (Cq, CO) ,
151 . 6, 141 . 2 , 139 . 4 , 135 . 9 , 12 9 . 2 , 129
. 4 , 12 6 . 3 , 122 . 8 , 120 . 3, 120 . 1 , 117 . 1
, 113 . 9 , 112 . 5 , 56 . 2 . HRMS (ESI ) , calcd for
Ci7Hi 4O5NF3S (M+-O) 401 . 0545 , found 401 . 0549 [E)
-Ethyl 3- (AT-hydroxy-N-phenylcarbamoyl) acrylate DBU
(7.5 mg, 0.05 mmol) was added under argon t o a
solution o f [E) -ethyl 3-f ormylacrylate (128 mg, 1
mmol), nitrosobenzene (107 mg, 1 mmol) and catalyst
(18.2 mg,0.05 itimol) in dichloromethane (5 mL) . The
reaction mixture was stirred at room temperature for
10 min. The solvent was removed under vacuum, and the
residue was purified by flash silica gel column
chromatography using hexane and ethyl acetate as the
eluents. 1H (400 MHz, CDCl 3 ) : d = 9.68 (br s , IH,
OH), 7 . 44-7 . 3 4 (br m, 5H, Ar-H) , 6 . 97-6 . 90
(br m, 2H, Ar-H) , 4 . 2 0 (q, J = 7 . 2 Hz , 2H, CH2
) , 1 . 27 (t , J = 7 . 2 Hz , 3H, CH3 ) . 13C (100
MHz , CDCl3 ) : d = 165 . 2 , 159 . 3 , 137 . 1 , 131
. 9, 131 . 0, 



129 . 6, 128 . 9, 126. 5 , 61 . 3 , 14 . 1 . HRMS
(ESI) , calcd for Ci 2H13O3N (M+-O) 219 . 0895 , found
219 . 0894 . I\7-hydroxy-I\] r-phenylacrylamide DBU
(15 mg, 0.1 mmol) was added under argon to a solution
of acrolein (56 mg, 1 mmol) , nitrosobenzene (107 mg,
1 mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichloromethane (5 mL) . The reaction mixture was
stirred at room temperature for 10 min. The solvent
was removed under vacuum, and the residue was purified
by flash silica gel column chromatography using hexane
and ethyl acetate as the eluents . 1H (400 MHz, CDCl 3
) : d = 9.15 (br s , IH, OH), 7.49-7.40 (m, 5H, Ar-H),
6.50 (dd, J = 1.6, 16.9 Hz, IH, =CH) , 6.28 (br dd, J
= 10.3, 16.9 Hz, IH, =CH) , 5.73 (dd, J = 1.6, 10.3
Hz, IH, =CH) . 13C (100 MHz, CDCl 3 ) : d = 161.2 (C
q, CO), 137.8 (C q ) , 129.4, 129.1 (=CH 2), 128.9,
126.3, 125.1 (CAr). M S (ESI): m/z 147 (M +-O), 119,
93, 77.N- (4- (dimethylamino) phenyl)
-W-hydroxybenzamide DBU (15 mg, 0.1 itimol) was added
under argon to a solution of benzaldehyde (106 mg, 1
mmol) , N ,N-dimethyl-4- nitrosobenzenamine (150 mg, 1
mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichloromethane (5 mL) . The reaction mixture was
stirred at room temperature for 60 min. The solvent
was removed under vacuum, and the residue was purified
by flash silica gel column chromatography using hexane
and ethyl acetate a s the eluents. 1H (400 MHz, CDCl 3
) : d = 7.86 (d, AB, J = 7.2 Hz, 2H), 7.65 (br s , IH,
OH), 7.55-7.46 (m, 5H, Ar-H), 6.75 (d, AB, JAB = 8.8
Hz, 2H), 2.95 (s, 6H, CH3 ) . 13C (100 MHz, CDCl 3) d
= 165.5 (C q, CO), 148.2 (C q ), 135.3 (C q) , 131.5,
128.7, 127.7 (C g ) , 126.9, 122.0, 113.1, 40.9. M S
(ESI): m/z 240 (M +-O), 135, 121, 105, 77.
N-hydroxy-IV- (4-hydroxy-3, 5-dimethylphenyl
)benzamide DBU (15 mg, 0.1 mmol) was added under argon
to a solution of benzaldehyde (106 mg, 1 mmol), 2 ,
6-dimethyl-4- nitrosophenol (151 mg, 1 mmol) and
catalyst (36.4 mg, 0.1 mmol) in dichloromethane (5 mL)
. The reaction mixture was stirred at room temperature
for 60 min. The solvent wasremoved under vacuum, and
the residue was purified b y flash silica gel column
chromatography using hexane and ethyl acetate as the
eluents. 1H (400 MHz , CDCl3 ) : d = 7 . 43-7 . 42 (m,
2H, Ar-H) 7 . 3 6 (br s , IH, OH) , 7 . 34-7 . 32 (m,
3H, Ar-H) , 7 . 26 (s , 2H, Ar-H) , 2 . 2 6 (s , 6H,
CH3) . 13C (100 MHz, CDCl3 ) : d = 165 . 6 (Cq , CO) ,
149 . 4 (Cq ) , 135 . 1 (Cq) , 131 . 7 , 130 . 1 (Cq )
, 128 . 8 , 126 . 9 , 123 . 7, 121 . 2 , 16 . 1 . MS
(ESI) : m/z 241 (M+-O) , 138 , 105, 77 . N- (2, 6-dif
luorophenyl) -N-hydroxybenzamide DBU (15 mg, 0.1 mmol)
was added under argon to a solution of benzaldehyde
(106 mg, 1 mmol), 1 ,3-dif luoro-2- nitrosobenzene
(143. mg, 1 mmol) and catalyst (36.4 mg, 0.1 mmol) in
dichloromethane (5 mL) . The reaction mixture was
stirred at room temperature for 60 min. The solvent
was removed under vacuum, and the residue was purified
by flash silica gel column chromatography using hexane
and ethyl acetate as the eluents. 1H (400 MHz, CDCl 3)
: d = 8.80 (br s , IH, OH), 7.55- 7.51 (m, 2H, Ar-H),
7.43-7.29 (m, 4H, Ar-H), 6.94-6.90 (m, 2H, Ar-H). 13C
(100 MHz, CDCl 3) : d = 169.7 (C q, CO), 160.1, 157.5
(C g ) 131.7, 128.3, 128.0 (C-Ar), 118.3 (C q), 112.3,
112.1 (C-Ar). M S (ESI): m/z 233 (M +-O), 105,
77..N-hydroxy-N-o-tolylbenz amide DBU (15 mg, 0.1
mmol) was added under argon to a solution of
benzaldehyde (106 mg, 1 mmol) , l-methyl-2-
nitrosobenzene (121 m g 1 mmol) and catalyst (36.4 mg,
0.1 mmol) in dichloromethane (5 mL) . The reaction
mixture was stirred at room temperature for 60 min.
The solvent was removed under vacuum, and the residue
was purified by flash silica gel column chromatography
using hexane and ethyl acetate as the eluents. 1H (400
MHz, CDCl 3) : d = 9.45 (br s , IH, OH), 7.40-7.32 (m,
3H, Ar-H), 7.28-7.20 (m, 4H, Ar-H), 7.15-7.12 (m, 2H,
Ar-H), 2.32 (s, 3H, CH3) . 13C (100 MHz, CDCl 3) : d =
165.6 (Cq, CO), 138.1 (C q), 136.9 (C q), 131.4 (C q),
131.3, 131.1, 130.0, 129.3, 128.6, 128.1, 126.9, 17.7.
M S (ESI): m/z 211 (M +-O) , 105, 77. In studies using
different imidazolium and triazolium salts, it was
observed that sterically less hindered triazolium
salts provided higher yields of the product (Table 1 )
. Reaction with catalyst concentrations as low as
0.125 mol % was observed. Table 1 . Reaction
Conditions for the Preparation ofAN ENCAPSULATED
QUANTUM DOT Technical Field The present invention
generally relates to an encapsulated quantum dot.
Background Fluorescence techniques are widely used in
biological and biomedical research and thus there is
an increasing demand for the development of more
advanced fluorescent probes. Organic fluorophores have
been used for fluorescent tagging of cells and
biomolecules . Unfortunately, their use is restricted
by their narrow excitation spectra, broad emission
spectra and weak photostability . Inorganic
semiconductor quantum dots (QDs) have been proposed as
promising alternatives for fluorescence labeling in
multicolor biological imaging and detection
applications. QDs possess a compositiondependent,
shape-dependent and size-dependent luminescence with
absorption and emission bands that 



scale with the bulk band gap energy of the material
and the final diameter of the QD clusters. Highly
luminescent QDs have relatively long fluorescence
lifetimes and are useful in tagging biomolecules for
ultrasensitive biological- detection and medical
diagnostic applications. Compared to conventional
organic fluorophores, QDs have strong, narrow, and
symmetric fluorescence emission and are
photochemically stable with a quantum yield (the ratio
of emitted to absorbed photons) as high as 90%. Their
low photodegradation rates make continuous or
long-term real time monitoring of slow biological
processes or tracking of intracellular processes that
are not possible with conventional organic
fluorophores. Therefore, QDs havepotential to replace
organic fluorophores as fluorescence probes for cell
labeling studies. Since QDs are inorganic solids, they
can b e expected to b e more robust than organic
fluorophores (e.g. towards photobleaching) and in
addition, they can also b e observed with high
resolution b y electron microscopy. Thus, luminescent
QDs are desirable fluorophores for biological imaging,
a s their fluorescence emission wavelength can b e
continuously tuned from the near ultraviolet,
throughout the visible and into the nearinfrared
spectrum, thereby spanning a broad wavelength range o
f 400-1350 ran. QDs o f varying particle size will
exhibit different wavelength absorbance. Accordingly,
b y using a number of QDs having different particle
sizes, a single wavelength can b e used for
simultaneous excitation to detect different optical
activities. Although development o f QDs for
biological labeling opens up new possibilities for
multicolor detection and diagnostics, QDs themselves
are not water soluble, not biocompatible and
chemically stable, and do not have functional groups
for covalent conjugation with biomolecules . Given
these properties, the utility of QDs for biological
application is currently limited. High quality QDs (in
terms o f crystallinity and size distribution) are
synthesized in nonpolar solvents with hydrophobic
coatings such as trioctyl phosphine oxide (TOPO) .
However hydrophobic coatings are not suitable for use
in vivo. Efforts have been made to surface modify
single QDs to solve the above problems and to allow
the successful use o f QDs as biocompatible
fluorescent probes or biomarkers. However, surface
modification o f QDs is very dependent on the surface
chemistry of QDs. The surface ofthe QDs may be
tailored to interact with the biological samples
either through electrostatic and hydrogen-bonding
interactions or through ligand-receptor interaction,
such as for example, avidin-biotin interaction. There
have been some studies undertaken on the surface
modification of QDs, such as conjugation of
mercaptoacetic acid (MAA) and coating of silica on
ZnScapped or -uncapped QDs, which have proved
promising. However, a disadvantage of QDs capped with
small molecules, such as MAA, is that they are easily
degraded by hydrolysis or oxidation of the capping
ligand. Silica coating can be used to coat QDs or
encapsulate QDs to form silica nanospheres. However, a
disadvantage of silica coating requires the surface of
QDs to be modified first with special silane
surfactants. For biological applications, single QDs
are currently surface modified by substituting these
hydrophobic coating molecules with various hydrophilic
capping agents of bifunctional linkers. The use of
capping agents allows QDs to solubilize in an aqueous
medium and provide functional groups which can be
conjugated to biomolecules for particular
applications. However, this is a complicated process
and also requires the use of non-biocompatible organic
ligands. Therefore, the inflexibility of the capping
agent limits the use of the resultant QD as flurophore
probes. The multi-valency of currently available QD
bioconjugates further precludes their use for labeling
only a single molecule in live cells. The fact that
their configurations cannot accommodate drug loading
is a major impediment to make them multi-functional
nanostructured devices in biomedical
applications.There is therefore a need for a simpler
and more feasible method to synthesise water-soluble
and biocompatible QDs. Summary According to a first
aspect, there is provided a particle comprising a
quantum dot encapsulated by an amphiphilic polymer. In
one embodiment, the amphiphilic polymer substantially
encapsulates the quantum dot, which is typically
hydrophobic in nature. Advantageously, by
encapsulating the quantum dot, the amphiphilic polymer
may aid in allowing the quantum dot to exist in an
aqueous medium while retaining its optical properties.
Furthermore, by choosing an amphiphilic polymer that
is biocompatible, the resultant encapsulated quantum
dot may be introduced into a living system without any
substantial toxic or immunological effects on the
living system. The biocompatibility of the amphiphilic
polymer may aid in the uptake of the encapsulated
quantum dots 



into a cell of the living system. In one embodiment,
the disclosed particle is in the nanometer range. In
one embodiment, there is provided a fluorescent probe
comprising a quantum dot encapsulated by an
amphiphilic polymer, wherein the quantum dot is
capable of exhibiting fluorescence. According to a
second aspect, there is provided the use of a particle
comprising a quantum dot encapsulated by an
amphiphilic polymer as a fluorescent probe.
Advantageously, this may allow the disclosed particles
to be used as delivery vectors of quantum dots and can
be effectively taken up by cells (as observed by clear
in vivo fluorescence imaging) . Even
moreadvantageously, as a result of efficient cell
uptake, the disclosed particles may also serve as a
model system for the study of cell-uptake behaviors of
the polymeric particles, which can be used to screen
the existing polymer candidates for non-fluorescent
expensive drug delivery and controlled release. Even
more advantageously, the disclosed particles may be
used in various bio-imaging techniques to study their
biodistribution and intracellular pathway, to track
the mechanism and efficacy of drug delivery device in
cellular level and also to evaluate the polymers used
to develop efficient drug delivery devices. According
to a third aspect, there is provided use of a particle
comprising a quantum dot and a therapeutic agent
encapsulated by an amphiphilic polymer for controlled
release of said therapeutic agent in a patient,
wherein said quantum dot is capable of being optically
detected in vivo during said release. Advantageously,
the optical property of the quantum dot may aid a
medical practitioner in determining the efficacy and
metabolic pathway of the therapeutic agent as it is
administered to a mammal and absorbed by mammal.
According to a fourth aspect, there is provided a
method of preparing an encapsulated quantum dot
comprising the step of introducing an aqueous solvent
to a quantum dot in mixture with an amphiphilic
polymer dissolved in an organic solvent to thereby
precipitate said polymer and encapsulate said quantum
dot. Also disclosed is the use of a particle
comprising a quantum dot and a therapeutic agent
encapsulated by an amphiphilic polymer in the
manufacture of a medicament for treating a patient,
wherein said quantum dot is capable of being optically
detected in vivo in said patient during said release
of said therapeutic agent.The patient may be suffering
from cancer and the therapeutic agent may be an
anti-cancer drug. Definitions The following words and
terms used herein shall have the meaning indicated:
The term "quantum dot" is to be interpreted broadly to
include any semiconductive or metallic nanoparticle
that is capable of emitting a light signal. The
particle size of the nanoparticle is typically about 1
nm to about 1000 nm, more typically less than about 2
nm to about 10 nm. The shape of the quantum dot is not
limited and may be in the shape of a sphere, a rod, a
wire, a pyramid, a cube, or other geometric or
non-geometric shapes. The colour of the light emitted
by the quantum dot depends on a number of factors that
include the size and shape of the quantum dot. For
example, a quantum dot with a larger particle size
emits light with a lower energy as compared to a
quantum dot made of the same material but with a
smaller particle size. The term "amphiphilic polymer"
is to be interpreted broadly to include any polymer
that has a hydrophobic part and a hydrophilic part.
The amphiphilic polymer may have hydrophilic side
chains grafted on or attached to a hydrophobic polymer
backbone or the amphiphilic polymer may have
hydrophobic side chains grafted on to a hydrophilic
polymer backbone. The amphiphilic polymer may be a
copolymer of two or more types of monomers, each
monomer having a different degree of hydrophobicity or
hydrophilicity . In embodiments where the amphiphilic
polymer is a copolymer, at least one of the monomers
is a hydrophobic monomer and at least one of the other
monomers is a hydrophilic monomer.The term
"hydrophobic" is to be interpreted broadly to refer to
a substance, such as a monomer or part thereof or a
polymer or part thereof or a quantum dot, that exhibit
a low intermolecular attraction for aqueous solvents
such as water. Alternatively, the term "hydrophilic"
is to be interpreted broadly to refer to a substance,
such as a monomer or part thereof, or a polymer or
part thereof, that exhibits a high intermolecular
attraction for aqueous solvents such as water. The
amphiphilic polymers disclosed herein may be
biocompatible and may be biodegradeable and/or
bioresorbable . The term "biocompatible" is to be
interpreted broadly to denote a polymer that is
compatible with living tissue or a living organism by
not being toxic or injurious and by not causing
immunological reaction to that tissue or living
organism. The term "biodegradeable" is to be
interpreted 



broadly to refer to a polymer that breaks down into
oligomeric and/or monomeric units over a period of
time, typically hours to months, when implanted or
injected into the body of a mammal. The term
"bioresorbable" is to be interpreted broadly to refer
to a polymer whose degradative products are
metabolized in vivo or excreted from the body via
natural pathways . The word "substantially" does not
exclude "completely" e.g. a composition which is
"substantially free" from Y may be completely free
from Y . Where necessary, the word "substantially" may
be omitted from the definition of the invention.
Unless specified otherwise, the terms "comprising" and
"comprise", and grammatical variants thereof,
areintended to represent "open" or "inclusive"
language such that they include recited elements but
also permit inclusion of additional, unrecited
elements. As used herein, the term "about", in the
context of concentrations of components of the
formulations, typically means +/- 5% of the stated
value, more typically +/- 4% of the stated value, more
typically +/- 3% of the stated value, more typically,
+/- 2% of the stated value, even more typically +/- 1%
of the stated value, and even more typically +/- 0.5%
of the stated value . Throughout this disclosure,
certain embodiments may be disclosed in a range
format. It should be understood that the description
in range format is merely for convenience and brevity
and should not be construed as an inflexible
limitation on the scope of the disclosed ranges.
Accordingly, the description of a range should be
considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical
values within that range. For example, description of
a range such as from 1 to 6 should be considered to
have specifically disclosed sub-ranges such as from 1
to 3 , from 1 to 4, from 1 to 5 , from 2 to 4 , from 2
to 6 , from 3 to 6 etc., as well as individual numbers
within that range, for example, 1 , 2 , 3 , 4 , 5 ,
and 6 . This applies regardless of the breadth of the
range. Disclosure of Optional Embodiments Exemplary,
non-limiting embodiments of a particle comprising a
quantum dot encapsulated by an amphiphilic polymer
will now be disclosed. The particle may be of a size
in the nanometer range.The particle may be
substantially spherical in shape. In one embodiment,
the diameter of the substantially spherical particle
may be in the range selected from the group consisting
of about 50 nm to about 500 nm; about 50 nm to about
400 nm; about 50 nm to about 300 nm; about 50 nm to
about 200 nm; about 50 nm to about 100 nm; about 100
nm to about 500 nm; about 100 nm to about 200 nm;
about 100 nm to about 300 nm and about 100 nm to about
400 nm. Advantageously, the disclosed nanoparticles
are about 100 to about 300 nm in size and are
therefore suitable for use as carriers to incorporate
drug for drug delivery and as means for controlled
drug release. The quantum dot may be substantially
hydrophobic. The quantum dot may be made from at least
one element selected from Group HB, Group IVA, Group
VA, Group IHA, Group H A or Group VIA of the Periodic
Table of Elements. The quantum dot may be made of a
material such as, but not limited to, CdO, CdS, CdSe,
CdTe, CdSeTe, CdHgTe, ZnS, ZnSe, ZnTe, ZnO, MgTe, MgS,
MgSe, MgO, GaAs, GaP, GaSb, GaN, HgO, HgS, HgSe, HgTe,
CaS, CaSe, CaTe, CaO, SrS, SrSe, SrTe, SrO, BaS, BaSe,
BaTe, BaO, InAs, InP, InSb, InN, AlAs, AlN, AlP, AlSb,
AlS, PbO, PbS, PbSe, PdTe, Ge, Si, ZnO, ZnS, ZnSe,
ZnTe and combinations thereof. The quantum dot may be
of a core-shell structure. Exemplary shell material
include, but are not limited to, ZnO, ZnS, ZnSe, ZnTe,
CdO, CdS, CdSe, CdTe, MgS, MgSe, GaAs, GaN, GaP, GaAs,
GaSb, HgO, HgS, HgSe, HgTe, InAs, InN, InP, InSb,
AlAs, AlN, AlP, AlSb, or combinations thereof,
optionally with the inner shell comprising at least
one element selected from Group HB, Group IVA, Group
VA, Group IHA, Group H A or Group VIA of the Periodic
Table of Elements.In one embodiment, the quantum dot
has an inner core of CdSe and a outer shell of ZnS.
The amphiphilic polymer may be biocompatible. The
amphiphilic polymer may not have any toxic or
immunological effects on a living system. The
amphiphilic polymer may be substantially tolerated by
cells or organs of a living system. The biocompatible
amphiphilic polymer may be selected from the group
consisting of polyesters, poly (orthoester) s ,
polyanhydrides, poly (aminoacid) s , poly(pseudo amino
acid)s, and polyphosphazenes . In one embodiment, the
biocompatible polymer may be a polyester selected from
the group consisting of poly (lactic acid)s, poly
(glycolic acid)s, copolymers of lactic and glycolic
acid, copolymers of lactic and glycolic acid with poly
(ethylene glycol), poly( e- caprolactone )s, poly
(3-hydroxybutyrate )s, polybutyrolactones,
polypropiolactones, poly (pdioxanone) 



s, poly (valerolactone) s , poly (hydrovalerate) s ,
poly (propylene fumarate)s and derivatives thereof.
The polyester that is a copolymer of lactic and
glycolic acid may be selected from the group
consisting of (D-lactic-co-glycolic acid), poly
(L-lactic-co-glycolic acid) and poly (D, L-lacti
c-co-glycolic acid). In one embodiment, the ratio of
lactic acid and glycolic acid in the copolymer may
range from about 1:10 to about 10:1. In another
embodiment, the biocompatible polymer may be a
hydroxyl or carboxyl end-functionalized linear,
dendritic or star-shaped polyester. The biocompatible
polymer may be a polyester having a molecular weight
of about 1,000 Da to about 100,000 Da. In one
embodiment, the biocompatible polyester is poly (D,
L-lactic-co-glycolic acid) (PLGA).The biocompatible
amphiphilic polymer may have a hydrophobic inner core
surrounded by a hydrophilic outer skin. The
hydrophilic outer skin of the biocompatible
amphiphilic polymer may comprise hydrophilic
functional groups. The hydrophilic functional groups
may be selected from the group consisting of hydroxyl
groups, carboxyl groups, ether groups, sulfide groups,
ester groups, ethoxy groups, phosphonyl groups,
phosphinyl groups, sulfonyl groups, sulfinyl groups,
sulfonic acid groups, sulfinic acid groups, phosphoric
acid groups, phosphorous acid groups, amino groups,
amide groups, quaternary ammonium groups, and
quaternary phosphonium groups . The inner core of the
biocompatible amphiphilic polymer may comprise
hydrophobic functional groups. The hydrophobic
functional groups may be selected from the group
consisting of linear or branched alkyl groups, aryl
groups, alkenyl groups, alkynyl groups,
alkylacrylamide groups, substituted or unsubstituted
alkylacrylate groups, and alkylaryl groups. The
amphiphilic polymer may be a polyester polycation
copolymer. In one embodiment, the polyester polycation
copolymer may be a diblock copolymer comprising a
hydrophobic polyester block bonded to a hydrophilic
polycation. In another embodiment, the polyester
polycation copolymer may be a graft copolymer
comprising a hydrophobic polyester portion and a
hydrophilic cation portion. The polycation may be
selected from the group consisting of poly (L-serine
ester), poly (D-serine ester), poly (L-lysine) , poly
(D-lysine) , polyornithine, and polyarginine . In one
embodiment, the polycation may have a molecular weight
of about 500 to about 10,000.The disclosed particle
may further comprise a therapeutic agent encapsulated
by the amphiphilic polymer. In one embodiment, the
amphiphilic polymer may encapsulate a mixture of the
therapeutic agent and quantum dot therein. The
therapeutic agent may comprise an anticancer agent
such as, but not limited to, dideoxyinosine,
camptothecin, floxuridine, 6-mercaptopurine,
doxorubicin, daunorubicin, I-darubicin, cisplatin,
methotrexate, carboplatin, oxaliplatin,
mechlorethamine, cyclophosphamide, chlorambucil, vinca
alkaloid, taxane, vincristine, vinblastine,
vinorelbine, vindesine, etoposide or teniposide. It is
to be appreciated that the type of therapeutic agent
used is not particularly limited to those mentioned
above but includes any therapeutic agent that is
suitable to be in an admixture or to be coupled to a
quantum dot. The disclosed particle may be used as an
optical marker in vivo. This may allow a medical
practitioner to trace the route of the particle when
it is administered or injected into a mammal by
detecting the light emitted by the quant im dot. The
disclosed particle may comprise a mixture of a
therapeutic agent and a quantum dot encapsulated by
the amphiphilic polymer. The light emitted by the
quantum dot may aid in determining the metabolic
pathway or organs targetted by the therapeutic agent
when the particle is administered to a mammal. The
colour of the light emitted by the quantum dot may be
linked to the presence of the therapeutic agent. For
example, the therapeutic agent may be coupled to the
quantum dot and hence increases the effective size of
the quantum dot. As mentioned above, the size of the
quantum dot is one of the factors that affects the
colour of thelight emitted from the quantum dot.
Therefore, a larger particle sized quantum dot may
emit a light that is of a different colour as compared
to a smaller particle sized quantum dot. When the
particle is administered to a mammal, the colour
emitted by the quantum dot coupled with the
therapeutic agent may change as the therapeutic agent
is absorbed or taken up by the cells of the body,
leading to a reduction in the effective size of the
quantum dot. By determining the change in the colour
emitted by the quantum dot as time passes, the
efficacy and pharmacokinetics of the therapeutic agent
in the body may be determined. This may be of use in
imaging-guided chemotherapy, where quantum dots can be
used as optical reporters. The pathway of the
disclosed particle in vivo may be determined and
controlled release of the therapeutic agent may occur
at a desired position. 



The disclosed particle may comprise a mixture of a
quantum dot and a therapeutic agent encapsulated by
the amphophilic polymer. Advantageously, the disclosed
particle may be used as a drug delivery vehicle for
administration of the therapeutic agent into a mammal.
The biodegradation of the amphiphilic polymer in the
mammal body may aid in the release of the therapeutic
agent at specific times, leading to a controlled
release of therapeutic agent. As the therapeutic agent
is released into the body, the quantum dot may aid in
the optical detection of the therapeutic agent i vivo
during the release of the therapeutic agent. The
disclosed particle comprising a mixture of a quantum
dot and a therapeutic agent encapsulated by an
amphiphilic polymer may be used to determine the
inhibitory effects or therapeutic actions of the
therapeutic agent on a foreign microorganism in the
living system. The foreign microorganism may be
abacterium, a fungi or a virus that is causing a
disease in a mammal. The therapeutic agent may react
with the foreign microorganism and may be taken into
the foreign microorganism. By observing the colour
change in the quantum dot particle over a period of
time, the therapeutic action of the therapeutic agent
on the foreign microorganism can be determined as the
mammal recovers from the disease. The disclosed
particle may be made from a method comprising the step
of introducing an aqueous solvent to a quantum dot in
mixture with an amphiphilic polymer dissolved in an
organic solvent to thereby precipitate the polymer and
encapsulate the quantum dot. The method may comprise
the step of mixing the aqueous solvent with the
quantum dot in mixture with the amphiphilic polymer
dissolved in an organic solvent, to thereby form a
two-phase system made up of an organic phase and an
aqueous phase. Mixing of the aqueous solvent and
organic solvent to generate the two-phase system may
be carried out by sonicating the aqueousorganic
mixture for about 1 minute to about 5 minutes. In one
embodiment, the time required for the sonicating step
may be from about 1 minute to about 2 minutes. As the
amphilphilic polymer encapsulates the quantum dot,
which is typically hydrophobic in nature, the
hydrophilic tails of the polymer preferentially move
away from the quantum dot while the hydrophobic tails
of the polymer preferentially move toward the quantum
dot. The addition of the aqueous solvent to the
organic solvent may cause the amphiphilic polymer
liquid to precipitate. During precipitation, the
hydrophilic tails of the polymer that are further away
from the quantum dot are attracted to the aqueous
solvent, thereby encapsulating the quantum dot.
Accordingly, the particle comprises acore shell of
quantum dot with an outer skin consisting of an inner
hydrophobic polymer portion adjacent the quantum dot
and an outer hydrophilic polymer portion adjacent the
inner hydrophobic polymer portion. The hydrophilic
nature of the exposed polymer tails may aid in the
solubilization of the encapsulated quantum dots in an
aqueous solution. The aqueous solution is typically
water, which is an easily obtainable and cost
effective solvent. The method may comprise the step of
extracting the encapsulated quantum dots from the
liquid mixture. Extraction and collection of the
encapsulated quantum dots from the above two-phase
system may be carried out by evaporating the organic
phase and collecting the encapsulated quantum dots
from the aqueous phase. The encapsulated quantum dots
may be collected form the aqueous phase by further
evaporation of the aqueous phase, centrifugation or
filtration. The collected encapsulated quantum dots
may be washed with deionised water via centrifugation
to substantially remove impurities. The organic
solvent may be a halogenated solvent or an ether. The
halogenated solvent may be a chlorinated solvent
selected from the group consisting of dichloromethane,
1 ,2-dichloroethane, chloroform and 1 , 1
,1-trichloroethane. The aqueous solvent may be a polar
compound such as water, alcohol, polyvinyl alcohol and
mixtures thereof. Brief Description Of Drawings The
accompanying drawings illustrate a disclosed
embodiment and serve to explain the principles of the
disclosed embodiment. It is to be understood, however,
that the drawings are designed for purposes
ofillustration only, and not as a definition of the
limits of the invention. Fig. 1 (a) shows a microscopy
image of the quantum dot nanoparticles
(QD-nanoparticles) at 10,00Ox magnification. Fig. 1
(b) shows QD-nanoparticles dissolved in water.
Fig.l(c) shows QD-nanoparticles dissolved in water
while being illuminated by an ultra violet (UV) lamp.
Fig. 1 (d) shows a fluorescent microscopic image of
the QD-nanoparticles. Fig. 2 (a) shows a confocal
fluorescence image of the QD-nanoparticles uptake in
CCD-112CoN cell lines after incubation with
QD-nanoparticles. Fig. 2 (b) shows a confocal
fluorescence image of the distribution of
QD-nanoparticles in the cells. 



Fig. 2 (c) shows a confocal fluorescence image of
stained nuclei showing individual cells. Fig. 3 (a)
shows a confocal fluorescence image in CCD-112CoN cell
lines after incubation with a mixture of
QD-nanoparticles and DOX-nanoparticles. Fig. 3 (b)
shows a confocal fluorescence image of stained nuclei
showing individual cells. Fig. 3 (c) shows the
distribution of QD-nanoparticles in the cells. Fig.
3(d) shows the distribution of DOXnanoparticles in the
cells. Fig. 4 (a) shows a confocal fluorescence image
of a single cell (taken from the CCD-112CoN cell
lines) after incubation with a mixture of
QD-nanoparticles and DOXnanoparticles.Fig. 4 (b) shows
the distribution of QD-nanoparticles in a single cell.
Fig. 4 (c) shows distribution of DOX-nanoparticles in
a single cell. Fig. 5 (a) shows a scanning electron
microscope (SEM) image illustrating the degradation of
DOX-nanoparticles. Fig. 5 (b) is a graph showing a DOX
release profile representing the percent of cumulative
DOX released from DOX-nanoparticles . Fig. 6 shows a
confocal fluorescence image of the QD-NPs uptake in
NCI-H1299 cell lines after incubation with
QD-nanoparticles. Fig. 7 shows a schematic diagram of
a plurality of quantum dots encapsulated in PLGA. Fig.
8 shows the cellular uptake of quantum dots
encapsulated with polymer via endocytosis and
invagination of the cell membrane. Fig. 9 shows a
simplified process flow chart of the modified emulsif
ication solvent evaporation method for encapsulating
QDs in PLGA. Detailed Description of Drawings
Referring to Fig. 7 , there is shown a typical quantum
dot (QD) 16 having a core-shell structure, comprising
of a cadmium selenium (CdSe) core 26 covered by a zinc
sulphide (ZnS) outer shell 24. The ZnS shell 24 is
conjugated with aliphatic hydrocarbon chains 22 which
are hydrophobic in nature. The hydrophobic aliphatic
hydrocarbon chains 22 on the ZnS shell 24 of the
quantum dot 16 render it insoluble in aqueous
solvents. However, after being encapsulated by an
amphiphilic polymer, such as poly
(lactic-co-glycolicacid) (PLGA) 20, the aliphatic
hydrocarbon chains 22 of the QD 16 interact with the
hydrophobic functional groups of the PLGA 20 to form a
QD-loaded polymer particle 28. The QD 16 is
substantially locked within the polymer's 20
hydrophobic inner core. Advantageously, the
hydrophilic external surface of the polymer 20 serves
to facilitate transportation of the QD-loaded polymer
particle 28 in the systemic circulation of the human
body due to its increased solubility. Fig. 8 shows the
proposed mechanism of cellular uptake of the QD-loaded
polymer particle 28. The QDloaded polymer particle 28
is unable to enter the bilayered plasma membrane 10 of
a typical cell due to its hydrophilic (polar)
functional groups on the surface of the polymer PLGA
20. Accordingly, in order to bypass the hydrophobic
plasma membrane 10, the QD-loaded polymer particle 28
must be transported into the cell via the process of
endocytosis. Hydrophillic interactions between the
polymer PLGA 20 and the plasma membrane 10 causes the
plasma membrane 10 to fold inwards and surround the
QD-loaded polymer particle 28. The plasma membrane 10
eventually envelops the QD-loaded polymer particle 28
completely, thereby forming a vesicle 14. The
QD-loaded polymer particle 28 is thus transported into
the cytoplasm 12 of the cell through the invagination
18 of the plasma membrane 10. Furthermore,
transportation of particles to cells and accumulation
in cells may be due to phagocytosis, pinocytosis,
and/or cytoskeletal, organelle and other particle
transport mechanisms. Fig. 9 is a schematic diagram
showing a simplified process of the emulsif ication
solvent evaporation method for encapsulating QDs 16 in
the polymer PLGA 20 to form the QD-loaded polymer
particle 28.In the first step 30, the purified quantum
dots 16, polymer PLGA 20 and dichloromethane (DCM) are
mixed together to form a suspension of the quantum
dots 16 in an organic solution. A precipitation step
32 is then undertaken by introducing an aqueous
solution of poly (vinyl alcohol) (PVA) in deionised
water to the organic solution. The aqueous solution
causes the PLGA coating the QD to solidify and thereby
form the particle 28. Sonication 34 is then carried
out for about 1.5 minutes to further homogenize the
mixture and thereby form an emulsion of the organic
and aqueous solutions. Thereafter, extraction 36 of
the resultant QD-loaded polymer particles 28 is
carried out by evaporating the organic solvents from
the emulsion. Evaporation is accomplished by magnetic
stirring of the emulsion for 4 hours . A washing step
38 is then undertaken with deionised water to further
remove remaining organic solvent that may be in
contact with the particles 28. Finally the polymer
particles 28 are lyophilized at step 40 via 



freeze-drying. Examples Non-limiting examples of the
invention will be further described in greater detail
by reference to specific Examples, which should not be
construed as in any way limiting the scope of the
invention. Example 1 Quantum dots encapsulated PLGA
particles were prepared in the laboratory using a
modified emulsif ication solvent evaporation method.
Purified quantum dots having a core-shell structure,
with CdSe asthe core nanomaterial and ZnS as the shell
material were first provided. 40 milligrams of poly
(lactic-co-glycolic acid) (PLGA) from Sigma-Aldrich of
St. Louis of Missouri of the United States of America
was mixed with 2 m l of dichloromethane (DCM) to
prepare a PLGA/DCM solvent. About 10 to about 15
milligrams of the purified QDs were then subsequently
dissolved in 2 m l of the PLGA/DCM solvent to form an
organic phase. About 24 m l of 2 % w/v polyvinyl
alcohol (PVA) dissolved in deionised water was used as
an aqueous phase. Approximately 2 m l of the organic
phase was then mixed with about 2 4 m l of the aqueous
phase and the mixture was subsequently sonicated for
about 90 s to form an oil-in-water emulsion.
Evaporation was then carried out by placing the
emulsion under magnetic stirring for about 4 hrs to
remove the organic solvent. Thereafter, the particles
were collected and washed with deionised water for at
least 3 times via centrifugation. Finally, the washed
particles were lyophilized by freeze-drying. Fig. l(a)
shows a scanning electron microscopy (SEM) image
depicting PLGA polymer encapsulating quantum dots
(henceforth referred to as QD-nanoparticles) formed
from the disclosed method at 10,000x magnification.
The nanoparticles thus formed can be seen as discrete,
substantially spherical particles with an approximate
diameter of about 100 nm to 300 nm. Fig. 1 (b) further
shows a photograph of QD-nanoparticles dissolved in
water. Fig. l(c) shows an image of QD-nanoparticles in
water, illuminated by a UV lamp. Fig. 1 (d) shows a
fluorescent microscopic image of QD-nanoparticles
showing that the particles do in fact exhibit
fluorescence. Fig. l(b) shows that the
QD-nanoparticles can be homogeneously dispersed in
water, and brightly fluorescent as in Fig. l(c) and
Fig. 1 (d) . The encapsulation of QDs in the
PLGApolymer to form nanoparticles not only renders the
QDs the water dispersibility required for biological
applications but also maintains their optical
properties such that their optical properties are
substantially comparable to those of QDs that have not
been encapsulated by an amphiphilic polymer. The
nano-particles made in this example were used in the
following examples. Example 2 Human colon fibroblast
cells, CCD-112 CoN (CRL-1541, ATCC) were maintained in
Dulbecco's Modified Eagle's Medium (DMEM) from
Sigma-Aldrich of St. Louis of Missouri of the United
States of America supplemented with 10% fetal bovine
serum (FBS), 1.0 mM sodium pyruvate, 0.1 mM
non-essential amino acids and 1%
penicillin-streptomycin solution, and culture medium
was replenished every day. To study cell uptake of
nanoparticles, cells were seeded at 2.0 x 104 cells/cm
2 in Lab-Tek chambered cover glasses and cultured as a
monolayer at 37 0C in a humidified atmosphere
containing 5% CO . The cell uptake of the nano
particles w as initiated when the culture medium was
replaced by the nano-particles suspension (500mg/mL in
culture medium) and the monolayer was further
incubated for 2 hours at 37 0C . At the end of
experiment, the cell monolayer was washed 3 times with
fresh pre-warmed phosphate-buffered saline (PBS)
buffer to remove excess nanoparticles which were not
associated to the cells. Cells were then fixed with
70% ethanol. Nucleus staining was carried out using
propidium iodide (PI) or 4 '-6-
Diamidino-2-phenylindole (DAPI) to facilitate
determination of the location of the nanoparticles in
the cells. The samples were then mounted in a
fluorescent mounting medium (Dako) . Confocal
fluorescent microscopywas performed using an Olympus
FV500 system supported with a 6Ox water-immersion
objective. Images were captured in section of 1024 x
1024 pixels without zoom and with a 0.0 -5.0 mm
z-step, and processed by FVlO-ASW 1.3 Viewer.
Referring now to Fig. 2 , the confocal microscopy
image shows the QD-nanoparticles 42 uptake in human
colon fibroblast cells (CCD-112CoN) after a two hour
incubation with QD-nanoparticles 42 at 37 0C followed
by counterstaining of nucleus 44 by propidium iodide
(PI) . Fig. 2 (a) shows dual-labeled cells visualized
by overlaying images; Fig. 2 (b) shows the
QD-nanoparticles 42 distribution in cells; and Fig.
2(c) shows the image of the various cell nuclei 44 to
facilitate distinguishing between the separate cells.
The above results show excellent cell uptake of the
QDnanoparticles 42, suggesting that the hydrophilic
surface of the nanoparticles did not impede its
cellular transport. Furthermore, the substantial cell
uptake of QD-nanoparticles 42 is necessary for the
development of a relatively successful imaging tool or
drug delivery 



system. Example 3 A mixture of QD-nanoparticles and
nanoparticles encapsulating the anti-cancer drug
doxorubicin (henceforth referred to as
DOX-nanoparticles) were incubated for two hours with
CCD-112CoN cell lines. Incubation was carried out at
37 0C followed by counterstaining of nucleus by
4'-6-Diamidino-2- phenylindole (DAPI) . The protocol
utilized for this example is the same as that used in
Example 2 . The results are shown in Fig. 3 . Fig 3
(a) shows an image of the cells showing
co-localization of both QDnanoparticles 42 and
DOX-nanoparticles 46; Fig. 3 (b)shows an image showing
the stained cell nuclei 44 distinguishing one cell
from another; Fig. 3 (c) shows an image of the
distribution of QD-nanoparticles 42 in cells while
Fig. 3(d) shows the distribution of DOXnanoparticles
46 in the cells. Referring now to Fig. 4 , the three
images separately show the confocal fluorescence
images of a single cell of the CCD-112CoN cell lines
after a two-hour incubation at 37C with a mixture of
QD-nanoparticles 42 and DOXnanoparticles 46. Fig. 4
(a) shows a magnified view of a single cell showing
co-localization of QD-nanoparticles 42 and
DOX-nanoparticles 46 , visualized by overlaying
images. Fig. 4 (b) shows an image of the
QD-nanoparticles 42 distribution in a single cell
while Fig. 4 (c) shows an image of the
DOX-nanoparticles 46 distribution in a single cell.
The above results indicate that the nanoparticles are
effective vectors / carriers for drug delivery into
cells. Furthermore, as a result of their ideal optical
properties, the extent and efficiency of drug release
can be monitored as well. A s most drugs are
non-fluorescent, the QD-nanoparticles, when also
encapsulating a drug or a therapeutic agent in
admixture with the QDs, can be used as an
imaging-guided chemotherapy system. When QDs are
applied as a model of drug or bio-label in a
particular drug delivery system formulation or imaging
tool development, the QD-nanoparticles can be used as
a model system to study the feasibility of any
particulate drug delivery system or imaging tool and
to study the suitability of the amphiphilic polymer as
an encapsulating material.Example 4 The experimental
procedures in Example 2 and 3 were duplicated for a
different cell line, specifically the non-small-cell
lung carcinoma (NSCLC) cell line NCIH1299. Referring
now to Fig. 6 , Fig. 6 shows the confocal fluorescence
image of the QD-nanoparticles 42 uptake in NCI-H1299
cells. The image of the NCI-H1299 cells were taken
after a 2 hour incubation period with QDnanoparticles
at 37 0C followed by counterstaining of nucleus 44 by
PI. The above results indicate that the nanoparticles
are taken into cells and exhibit fluorescence, thereby
proving that they are good flurophores probes.
Furthermore, the above results indicate that the
QDnanoparticles are robust universal tools which can
be applied in different cell types. Example 5 The drug
release profile when using the disclosed nanoparticles
for drug delivery is investigated in this example.
Referring now to Fig. 5 (b) , the graph shows the DOX
release profile representing the cumulative percentage
of total DOX released from DOX-nanoparticles in PBS,
pH 7.4 at 37C over a period of 15 days is charted. The
amount of drug released was determined by spectrof
luorometric measurement of the released medium and
expressed in cumulative released percentage over the
original amount of drug encapsulated in
DOXnanoparticles . As can be seen from the results, at
least 50% of the total dosage of DOX was slowly
released from day 2 to day 15. This is important with
respect to sustaining prolonged therapeutic levels of
DOX in a subject. More importantly, these results also
ascertain the suitabilityof the nanoparticles as
vectors for drug release and also as means for
controlled drug release. The scanning electron
micrograph as shown in Fig. 5 (a) illustrates the
degradation of DOX-nanoparticles after 21 days in a
phosphate-buffered saline (PBS) at a pH of 7.4 at and
temperature at 37C. The formulation with the use of an
amphiphilic polymer to encapsulate DOX allows for
sustained release of DOX in a controlled manner for at
least 15 days. The hydrophilic nature of DOX tends to
result in a faster release from the particle matrix in
the body, leading to the failure of a controlled drug
delivery system and the possibility of abrupt overdose
above the therapeutical/tolerance level. The prolonged
period of steady drug release and the maintenance of
drug level in the therapeutic window for an extended
time are the major prerequisites for development of
controlled drug delivery system. Accordingly, the
release profile shows that these DOX-nanoparticles are
suitable candidates for a successful drug delivery
system. Applications The disclosed particle comprising
a quantum dot encapsulated by an amphiphilic polymer
may be used as an 



optical marker in vivo. The hydrophilic shell of the
amphiphilic polymer may aid in the solubilization of
the encapsulated quantum dots in an aqueous medium,
while retaining the optical property of the quantum
dots. Furthermore, the biocompatibility of the
amphiphilic polymer used may aid in promoting the
cellular uptake of the disclosed particle into a cell.
When the disclosed particle is administered to a
mammal, the biocompatible amphiphilic polymer may aid
in preventing, or at least reducing, any substantial
degradation or scavenging ofthe disclosed particle by
the reticuloendothelial system of the mammal. The
disclosed particle may serve as a model system to
study the cell-uptake behaviors of the disclosed
particle. By identifying the cell-uptake behaviors of
a variety of test particles that comprise the same
type of quantum dots encapsulated by a variety of test
amphiphilic polymers, the disclosed particles can be
used to screen the test amphiphilic polymers as
potential candidates for non-fluorescent drug delivery
and for controlled release. The disclosed particle may
comprise a therapeutic agent in the place of quantum
dot. Accordingly, the disclosed particle may function
as a drug delivery vector. The formulated system
provides comparable cellular interaction and efficient
cellular uptake for both QD-nanoparticles and
DOX-nanoparticles . In addition, the DOX-nanoparticles
demonstrated sustained release of DOX for an extended
period. Thus, the disclosed particle can be used to
encapsulate a therapeutic agent or a combination of
therapeutic agents to function as effective controlled
drug delivery system. The disclosed particle may
further comprise a therapeutic agent in admixture with
the quantum dot. Accordingly, the disclosed particle
may function as an imaging-guided drug delivery
vector. The optical property of the quantum dot may
allow for easy visualization or biological imaging of
the metabolic pathway or efficacy of the therapeutic
agent when the disclosed particle is administered to a
mammal. Advantageously, the symmetric fluorescence
emission, photochemical stability and low
photodegradation rates of the quantum dots allow for a
continuous or long-term real-time monitoring of slow
biological processes,tracking of intracellular
processes or in cell labeling studies that is not
possible with conventional organic fluorophores. In
addition, the disclosed particles are useful as means
to tag biomolecules when used for bioimaging
applications such as ultrasensitive biological
detection and medical diagnostics. Advantageously, the
possibility of tuning the fluorescence emission
wavelength of the quantum dots within a broad
wavelength range of 400 to 1350 allows for the
disclosed particles to be used in bio-imaging
applications with greater flexibility over the imaging
parameters . Furthermore, the ability to control or
manipulate the size of the quantum dot in order to
result in the emission of a preferred colour or
emission of a range of colours under varying
conditions may allow for a plurality of disclosed
particles with varying sizes to be simultaneously
excited using a single wavelength to detect different
optical activities. The quantum dots encapsulated by
the amphiphilic polymers disclosed herein may not
require the use of surface modification or capping
agents or additional coating layers. Therefore, the
disclosed particles may be easier to make as compared
to conventional methods that are used to alter the
polarity of the quantum dots. Furthermore, unlike
conventional quantum dots, the disclosed particles may
be biocompatible and may be used i vivo. The disclosed
particles may be advantageously used in cancer therapy
due to the effective accumulation of polymeric
nanoparticles in most types of tumors. Accordingly,
the disclosed particles may be used to determine the
extent and spread of cancer cells throughout the body
during metastasis. In embodimentswhere a mixture of an
anticancer drug and quantum dot is encapsulated by an
amphiphilic polymer, the optical property of the
quantum dot may aid a medical practitioner in
determining the efficacy and therapeutic action of the
therapeutic agent on the cancer cells. This may allow
for a customized treatment regimen and may enable a
medical practitioner to accurately identify cancerous
tissues or organs of a mammal suffering from cancer.
It will be apparent that various other modifications
and adaptations of the invention will be apparent to
the person skilled in the art after reading the
foregoing disclosure without departing from the spirit
and scope of the invention and it is intended that all
such modifications and adaptations come within the
scope of the appended claims.Claims 1 . A particle
comprising a quantum dot encapsulated by an
amphiphilic polymer. 2 . A particle as claimed in
claim 1 , wherein the quantum dot is substantially
hydrophobic. 3 . A particle as claimed in claim 1 ,
wherein the 



amphiphilic polymer is biocompatible. 4 . A particle
as claimed in claim 3 , wherein the biocompatible
polymer is selected from the group consisting of
polyesters, poly (orthoester) s , polyanhydrides, poly
(amino acid) s , poly(pseudo amino acid) s , and
polyphosphazenes . 5 . A particle as claimed in claim
4 , wherein the polyester is selected from the group
consisting of poly (lactic acid)s, poly (glycolic
acid)s, copolymers of lactic and glycolic acid,
copolymers of lactic and glycolic acid with poly
(ethylene glycol), poly (e-caprolactone) s , poly (3-
hydroxybutyrate) s , polybutyrolactones,
polypropiolactones, poly (p-dioxanone) s , poly
(valerolactone) s , poly (hydrovalerate) s , poly
(propylene fumarate)s and derivatives thereof. 6 . A
particle as claimed in claim 4 , wherein said
biocompatible polyester is linear or star shaped
polyester. 7 . A particle as claimed in claim 4 ,
wherein the biocompatible polyester polymer has a
molecular weight from about 1,000 Da to about 100,000
Da.8 . A particle as claimed in claim 5 , wherein the
biocompatible polyester polymer is a poly(lacticco-
glycolic acid) . 9 . A particle as claimed in claim 8
, wherein the ratio of lactic acid and glycolic acid
ranges from 1:10 to 10:1. 10. A particle as claimed in
claim 3 , wherein the biocompatible amphiphilic
polymer has a hydrophobic inner core surrounded by a
hydrophilic outer skin. 11. A particle as claimed in
claim 10, wherein the hydrophilic outer skin comprises
hydrophilic functional groups. 12. A particle as
claimed in claim 11, wherein the hydrophilic
functional groups are selected from the group
consisting of hydroxyl groups, carboxyl groups, ether
groups, sulfide groups, ester groups, ethoxy groups,
phosphonyl groups, phosphinyl groups, sulfonyl groups,
sulfinyl groups, sulfonic acid groups, sulfinic acid
groups, phosphoric acid groups, phosphorous acid
groups, amino groups, amide groups, quaternary
ammonium groups, and quaternary phosphonium groups.
13. A particle as claimed in claim 10, wherein the
inner core comprises hydrophobic functional groups.
14. A particle as claimed in claim 13, wherein the
hydrophobic functional groups are selected from the
group consisting of linear or branched alkylgroups,
aryl groups, alkenyl groups, alkynyl groups,
alkylacrylamide groups, substituted or unsubstituted
alkylacrylate groups, and alkylaryl groups . 15. A
particle as claimed in claim 1 , wherein the size of
the particle is in the nanometer range. 16. A particle
as claimed in claim 15, wherein the size of the
particle is lOOnm to 300 nm in size. 17. A particle as
claimed in claim 1 , wherein the particle is
substantially spherical in shape. 18. A particle as
claimed in claim 1 , wherein the quantum dot is at
least one element selected from the group consisting
of Group HB, Group IVA, Group VA, Group IHA, Group H A
or Group VIA of the Periodic Table of Elements. 19. A
particle as claimed in claim 18, wherein the quantum
dot is selected from the group consisting of CdO, CdS,
CdSe, CdTe, CdSeTe, CdHgTe, ZnS, ZnSe, ZnTe, ZnO,
MgTe, MgS, MgSe, MgO, GaAs, GaP, GaSb, GaN, HgO, HgS,
HgSe, HgTe, CaS, CaSe, CaTe, CaO, SrS, SrSe, SrTe,
SrO, BaS, BaSe, BaTe, BaO, InAs, InP, InSb, InN, AlAs,
AlN, AlP, AlSb, AlS, PbO, PbS, PbSe, PdTe, Ge, Si,
ZnO, ZnS, ZnSe, ZnTe and combinations thereof. 20. A
particle as claimed in claim 18, wherein the quantum
dot is of a core-shell structure.21. A particle as
claimed in claim 1 , wherein the quantum dot is an
inner core of CdSe that is encapsulated by poly
(lactic-co-glycolic acid). 22. A particle as claimed
in claim 1 , further comprising a therapeutic agent
encapsulated by said amphiphilic polymer. 23. Use of a
particle comprising a quantum dot encapsulated by an
amphiphilic polymer as a fluorescent probe. 24. Use of
a particle comprising a quantum dot and a therapeutic
agent encapsulated by an amphiphilic polymer for
controlled release of said therapeutic agent in a
patient, wherein said quantum dot is capable of being
optically detected in vivo during said release. 25. A
method of preparing an encapsulated quantum dot
comprising the step of introducing an aqueous solvent
to a quantum dot in mixture with an amphiphilic
polymer dissolved in an organic solvent to thereby
precipitate said polymer and encapsulate said quantum
dot. 


