
INHIBITORS OF VEGF RECEPTOR AND HGF RECEPTOR SIGNALING
BACKGROUND OF THE INVENTION Field of the Invention
[0001] This invention relates to the inhibition of
VEGF receptor signaling and HGF receptor signaling.
More particularly, the invention relates to compounds
and methods for the inhibition of VEGF receptor
signaling and HGF receptor signaling. Summary of the
Related Art [0002] Angiogenesis is an important
component of certain normal physiological processes
such as embryogenesis and wound healing, but aberrant
angiogenesis contributes to some pathological
disorders and in particular to tumor growth. '2 VEGF-A
(vascular endothelial growth factor A) is a key factor
promoting neovascularization (angiogenesis) of
tumors.3 7 VEGF induces endothelial cell proliferation
and migration by signaling through two high affinity
receptors, the fms-like tyrosine kinase receptor,
FIt-I, and the kinase insert domain-containing
receptor, KDR.8'9'10 . These signaling responses are
critically dependent upon receptor dimerization and
activation of intrinsic receptor tyrosine kinase (RTK)
activity. The binding of VEGF as a
disulfide-linkedhomodimer stimulates receptor
dimerization and activation of the RTK domain n . The
kinase activity autophosphorylates cytoplasmic
receptor tyrosine residues, which then serve as
binding sites for molecules involved in the
propagation of a signaling cascade. Although multiple
pathways are likely to be elucidated for both
receptors, KDR signaling is most extensively studied,
with amitogenic response suggested to involve ERK-I
and ERK-2 mitogen-activated protein kinases n . [0003]
Disruption of VEGF receptor signaling is a highly
attractive therapeutic target in cancer, as
angiogenesis is a prerequisite for all solid tumor
growth, and that the mature endothelium remains
relatively quiescent (with the exception of the female
reproductive system and wound healing). A number of
experimental approaches to inhibiting VEGF signaling
have been examined, including use of neutralizing
antibodies 13>14>15 5receptor antagonists 16, soluble
receptors 17 , antisense constructs 18 and
dominant-negative strategies . [0004] Despite the
attractiveness of anti-angiogenie therapy by VEGF
inhibition alone, several issues may limit this
approach. VEGF expression levels can themselves be
elevated by numerous diverse stimuli and perhaps most
importantly, the hypoxic state of tumors resulting
from VEGFr inhibition, can lead to the induction of
factors that themselves promote tumor invasion and
metastasis thus, potentially undermining the impact of
VEGF inhibitors as cancer therapeutics 20.[0005] The
HGF (hepatocyte growth factor) and the HGF receptor,
c-met, are implicated in the ability of tumor cells to
undermine the activity of VEGF inhibition 20.HGF
derived from either stromal fibroblasts surrounding
tumor cells or expressed from the tumor itself has
been suggested to play a critical role in tumor
angiogenesis, invasion and metastasis ' . For example,
invasive growth of certain cancer cells is drastically
enhanced by tumor-stromal interactions involving the
HGF/c-Met (HGF receptor) pathway 23'24>25 HGF, which
was originally identified as a potent mitogen
forhepatocytes 26'27 is primarily secreted from
stromal cells, and the secreted HGF can promote
motility and invasion of various cancer cells that
express c-Met in a paracrine manner 28>29'30. Binding
of HGF to c-Met leads to receptor phosphorylation and
activation of Ras/mitogen-activated protein kinase
(MAPK) signaling pathway, thereby enhancing malignant
behaviors of cancer cells 30'31.Moreover, stimulation
of the HGF/c-met pathway itself can lead to the
induction of VEGF expression, itself O contributing
directly to angiogenic activity [0006] Thus,
anti-tumor anti-angiogenic strategies or approaches
that target both VEGF/VEGFr signaling and HGF/c-met
signaling may circumvent the ability of tumor cells to
overcome VEGF inhibition alone and may represent
improved cancer therapeutics. [0007] Here we describe
small molecules that are potent inhibitors of both the
VEGF receptor KDR and the HGF receptor c-met.BRIEF
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[0008] The present invention provides new compounds
and methods for treating cell proliferative diseases.
The compounds of the invention are inhibitors of
protein tyrosine kinase activity. Preferably, the
compounds of the invention are dual function
inhibitors, capable of inhibiting both VEGF and HGF
receptor signaling. Accordingly, the invention
provides new inhibitors of protein tyrosine kinase
receptor signaling, such as for example, VEGF receptor
signaling and HGF receptor signaling, including the
VEGF receptor KDR and the HGF receptor c-met. [0009]
In a first aspect, the invention provides compounds of
formula A that are useful as kinase inhibitors and,
therefore, are useful research tools for the study of
the role of kinases in both normal and disease states.
Preferrably, the invention provides compounds of
Formula I that are useful as inhibitors of VEGF
receptor signaling and HGF receptor signaling and,
therefore, are useful research tools for the study of
the role of VEGF and HGF in both normal and disease
states. [0010] In a first aspect, the invention
provides compounds of formula A-O that are useful as
kinase inhibitors and, therefore, are useful research
tools for the study of the role of kinases in both
normal and disease states. Preferrably, the invention
provides compounds of Formula I that are useful as
inhibitors of VEGF receptor signaling and HGF receptor
signaling and, therefore, are useful research tools
for the study of the role of VEGF and HGF in both
normal and disease states. [0011] In a third aspect,
the invention provides compositions comprising a
compound that is an inhibitor of kinase, or an
N-oxide, hydrate, solvate, pharmaceutically acceptable
salt, prodrug or complexe thereof, and a
pharmaceutically acceptable carrier, excipient or
diluent. Preferably, the invention provides
compositions comprising a compound that is an
inhibitor of VEGF receptor signaling and HGF receptor
signaling, or an N-oxide, hydrate, solvate,
pharmaceutically acceptable salt, prodrug or complexe
thereof,, and a pharmaceutically acceptable carrier,
excipient, or diluent. In a preferred embodiment, the
composition further comprises an additional
therapeutic agent. [0012] In a fourth aspect, the
invention provides a method of inhibiting kinase, the
method comprising contacting the kinase with a
compound according to the present invention, or with a
composition according to the present invention.
Preferably the invention provides a method of
inhibiting VEGF receptor signaling and HGF receptor
signaling, the method comprising contacting the
receptor with a compound according to the present
invention, or with a composition according to the
present invention. Inhibition of receptor protein
kinase activity,preferably VEGF and HGF receptor
signaling, can be in a cell or a multicellular
organism. If in a multicellular organism, the method
according to this aspect of the invention comprises
administering to the organism a compound according to
the present invention, or a composition according to
the present invention. Preferably the organism is a
mammal, more preferably a human. In a preferred
embodiment, the method further comprises contacting
the kinase with an additional therapeutic agent.
[0013] In a fifth aspect, the invention provides a
method of inhibiting proliferative activity of a cell,
the method comprising contacting the cell with an
effective proliferative inhibiting amount of a
compound according to the present invention or a
composition thereof. In a preferred embodiment, the
method further comprises contacting the cell with an
additional therapeutic agent. [0014] In a sixth
aspect, the invention provides a method of treating a
cell proliferative disease in a patient, the method
comprising administering to the patient in need of
such treatment an effective therapeutical amount of a
compound according to the present invention or a
composition thereof. n a preferred embodiment, the
method further comprises administering an additional
therapeutic agent. [001 5] In a seventh aspect, the
invention provides a method of inhibiting tumor growth
in a patient, the method comprising administering to
the patient in need thereof an effective therapeutical
amount of a compound according to the present
invention or a composition 



thereof. In a preferred embodiment, the method further
comprises administering an additional therapeutic
agent. [001 6] The foregoing merely summarizes certain
aspects of the invention and is not intended to be
limiting in nature. These aspects and other aspects
and embodiments are described more fully
below.DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS [001 7] The invention provides compounds
and methods for inhibiting the VEGF receptor KDR and
the HGF receptor c-met. The invention also provides
compositions and methods for treating cell
proliferative diseases and conditions. The patent and
scientific literature referred to herein establishes
knowledge that is available to those with skill in the
art. The issued patents, applications, and references
that are cited herein are hereby incorporated by
reference to the same extent as if each was
specifically and individually indicated to be
incorporated by reference. In the case of
inconsistencies, the present disclosure will prevail.
[001 8] For purposes of the present invention, the
following definitions will be used (unless expressly
stated otherwise): [0019] The terms "inhibitor of VEGF
receptor signaling " and "inhibitor of HGF receptor
signaling" are used to identify a compound having a
structure as defined herein, which is capable of
interacting with a HGF receptor and a VEGF receptor
and inhibiting the activity of HGF and VEGF. In some
preferred embodiments, such reduction of activity is
at least about 50%, more preferably at least about
75%, and still more preferably at least about 90%.
[0020] For simplicity, chemical moieties are defined
and referred to throughout primarily as univalent
chemical moieties (e.g., alkyl, aryl, etc.).
Nevertheless, such terms are also used to convey
corresponding multivalent moieties under the
appropriate structural circumstances clear to those
skilled in the art. For example, while an "alkyl"
moiety generally refers to a monovalent radical (e.g.
CH3-CH2-), in certain circumstances a bivalent linking
moiety can be "alkyl," in which case those skilled in
the art will understand the alkyl to be a divalent
radical (e.g., -CH2-CH2-), which is equivalent to the
term "alkylene." (Similarly, in circumstances in which
a divalent moiety is required and is stated as being
"aryl," those skilled in the art will understand that
the term "aryl" refers to the corresponding divalent
moiety, arylene.) All atoms are understood to have
their normal number of valences for bond formation
(i.e., 4 for carbon, 3 for N, 2 for O, and 2, 4, or 6
for S, depending on the oxidation state of the S). On
occasion a moiety may be defined, for example, as
(A)a-B-, wherein a is 0 or 1. In such instances, when
a is 0 the moiety is B- and when a is 1 the moiety is
A-B-. Also, a number of moieties disclosed herein
exist in multiple tautomeric forms, all of which are
intended to be encompassed by any given tautomeric
structure. [0021] The term "hydrocarbyl" refers to a
straight, branched, or cyclic alkyl, alkenyl, or
alkynyl, each as defined herein. A "CQ" hydrocarbyl is
used to refer to a covalent bond.
Thus,"Co-C3-hydrocarbyl" includes a covalent bond,
methyl, ethyl, ethenyl, ethynyl, propyl, propenyl,
propynyl, and cyclopropyl. [0022] The term "alkyl" as
employed herein refers to straight and branched chain
aliphatic groups having from 1 to 12 carbon atoms,
preferably 1-8 carbon atoms, and more preferably 1-6
carbon atoms, which is optionally substituted with
one, two or three substituents. Preferred alkyl groups
include, without limitation, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, and hexyl. A "Co" alkyl (as in "C0-C - alkyl")
is a covalent bond (like "C0" hydrocarbyl). [0023] The
term "alkenyl" as used herein means an unsaturated
straight or branched chain aliphatic group with one or
more carbon-carbon double bonds, having from 2 to 12
carbon atoms, preferably 2-8 carbon atoms, and more
preferably 2-6 carbon atoms, which is optionally
substituted with one, two or three substituents.
Preferred alkenyl groups include, without limitation,
ethenyl, propenyl, butenyl, pentenyl, and hexenyl.
[0024] The term "alkynyl" as used herein means an
unsaturated straight or branched chain aliphatic group
with one or more carbon-carbon triple bonds, having
from 2 to 12 carbon 



atoms, preferably 2-8 carbon atoms, and more
preferably 2-6 carbon atoms, which is optionally
substituted with one, two or three substituents.
Preferred alkynyl groups include, without limitation,
ethynyl, propynyl, butynyl, pentynyl, and hexynyl.
[0025] An "alkylene," "alkenylene," or "alkynylene"
group is an alkyl, alkenyl, or alkynyl group, as
defined hereinabove, that is positioned between and
serves to connect two other chemical groups. Preferred
alkylene groups include, without limitation,
methylene, ethylene, propylene, and butylene.
Preferred alkenylene groups include, without
limitation, ethenylene, propenylene, and butenylene.
Preferred alkynylene groups include, without
limitation, ethynylene, propynylene, and butynylene.
[0026] The term "cycloalkyl" as employed herein
includes saturated and partially unsaturated cyclic
hydrocarbon groups having 3 to 12 carbons, preferably
3 to 8 carbons, and more preferably 3 to 6 carbons,
wherein the cycloalkyl group additionally is
optionally substituted. Preferred cycloalkyl groups
include, without limitation, cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
cycloheptyl, and cyclooctyi. [0027] The term
"heteroalkyl" refers to an alkyl group, as defined
hereinabove, wherein one or more carbon atoms in the
chain are replaced by a heteroatom selected from the
group consisting of O, S, NH, N-alkyl, SO, SO2, SO2NH,
OrNHSO2. [0028] An "aryl" group is a C6-C14 aromatic
moiety comprising one to three aromatic rings, which
is optionally substituted. Preferably, the aryl group
is a C6-C1O aryl group.Preferred aryl groups include,
without limitation, phenyl, naphthyl, anthracenyl, and
fluorenyl. An "aralkyl" or "arylalkyl" group comprises
an aryl group covalently linked to an alkyl group,
either of which may independently be optionally
substituted or unsubstituted. Preferably, the aralkyl
group is (C1-C6)alk(C6-C1o)aryl, including, without
limitation, benzyl, phenethyl, and naphthylmethyl.
[0029] A "heterocyclyl" or "heterocyclic" group is a
ring structure having from about 3 to about 12 atoms,
wherein one or more atoms are selected from the group
consisting of N, O, S, SO, and SO . The heterocyclic
group is optionally substituted on carbon at one or
more positions. The heterocyclic group is also
independently optionally substituted on nitrogen with
alkyl, aryl, aralkyl, alkylcarbonyl, alkylsulfonyl,
arylcarbonyl, arylsulfonyl, alkoxycarbonyl, or
aralkoxycarbonyl. Preferred heterocyclic groups
include, without limitation, epoxy, aziridinyl,
tetrahydrofuranyl, pyrrolidinyl, piperidinyl,
piperazinyl, thiazolidinyl, oxazolidinyl,
oxazolidinonyl, and morpholino. In certain preferred
embodiments, the heterocyclic group is fused to an
aryl, heteroaryl, or cycloalkyl group. Examples of
such fused heterocyles include, without limitation,
tetrahydroquinoline and dihydrobenzofuran.
Specifically excluded from the scope of this term are
compounds where an annular O or S atom is adjacent to
another O or S atom. [0030] As used herein, the term
"heteroaryl" refers to groups having 5 to 14 ring
atoms, preferably 5, 6, 9, or 10 ring atoms; having 6,
10, or 14 p-electrons shared in a cyclic array; and
having, in addition to carbon atoms, from one to three
heteroatoms per ring selected from the group
consisting of N, O, and S. The term "heteroaryl" is
also meant to encompass monocyclic and bicyclic
groups. For example, a heteroaryl group may be
pyrimidinyl, pyridinyl, benzimidazolyl, thienyl,
benzothiazolyl, benzofuranyl and indolinyl. A
"heteroaralkyl" or "heteroarylalkyl" group comprises a
heteroaryl group covalently linked to an alkyl group,
either of which is independently optionally
substituted or unsubstituted. Preferred heteroalkyl
groups comprise a C1-C alkyl group and a heteroaryl
group having 5, 6, 9, or 10 ring atoms. Specifically
excluded from the scope of this term are compounds
having adjacent annular O and/or S atoms. Examples of
preferred heteroaralkyl groups include pyridylmethyl,
pyridylethyl, pyrrolylmethyl, pyrrolylethyl,
imidazolylmethyl, imidazolylethyl, thiazolylmethyl,
and thiazolylethyl. Specifically excluded from the
scope of this term are compounds having adjacent
annular O and/or S atoms. [0031] For simplicity,
reference to a "Cn-Cm" heterocyclyl or heteroaryl
means a heterocyclyl or heteroaryl having from "n" to
"m" annular atoms, where "n" and "m" are 



integers. Thus, for example, a C5-C6-heterocyclyl is a
5- or 6- membered ring having at leastone heteroatom,
and includes pyrrolidinyl (C5) and piperidinyl (C6); C
-hetoaryl includes, for example, pyridyl and
pyrimidyl. [0032] An "arylene," "heteroarylene," or
"heterocyclylene" group is an aryl, heteroaryl, or
heterocyclyl group, as defined hereinabove, that is
positioned between and serves to connect two other
chemical groups. [0033] Preferred heterocyclyls and
heteroaryls include, but are not limited to,
acridinyl, azocinyl, benzimidazolyl, benzofuranyl,
benzothiophenyl, benzoxazolyl, benzthiazolyl,
benztriazolyl, pyridotriazolyl, benzisoxazolyl,
benzisothiazolyl, benzimidazolinyl, carbazolyl,
4aH-carbazolyl, carbolinyl, chromanyl, chromenyl,
cinnolinyl, decahydroquinolinyl, 2H,6H-
1,5,2-dithiazinyl, dihydrofuro[2,3-b]tetrahydrofuran,
furanyl, furazanyl, imidazolidinyl, imidazolinyl,
imidazolyl, lH-indazolyl, indolenyl, indolinyl,
indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl,
isochromanyl, isoindazolyl, isoindolinyl, isoindolyl,
isoquinolinyl, isothiazolyl, isoxazolyl,
methylenedioxyphenyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl,
oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl,
phenoxathiinyl, phenoxazinyl, phthalazinyl,
piperazinyl, piperidinyl, piperidonyl, 4-piperidonyl,
piperonyl, pteridinyl, purinyl, pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl,
pyridooxazole, pyridoimidazole, pyridothiazole,
pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl,
quinolinyl, 4H-quinolizinyl, quinoxalinyl,
quinuclidinyl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydroquinolinyl,
tetrazolyl, 6H-l,2,5-thiadiazinyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl,
1,3,4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl,
thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiophenyl, triazinyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,3,4-triazolyl, and xanthenyl.
[0034] As employed herein, when a moiety (e.g.,
cycloalkyl, hydrocarbyl, aryl, heteroaryl,
heterocyclic, urea, etc.) is described as "optionally
substituted" it is meant that the group optionally has
from one to four, preferably from one to three, more
preferably one or two, non-hydrogen substiruents.
Suitable substituents include, without limitation,
halo, hydroxy, oxo (e.g., an annular -CH- substituted
with oxo is -C(O)-) nitro, halohydrocarbyl,
hydrocarbyl, aryl, aralkyl, alkoxy, aryloxy, amino,
acylamino, alkylcarbamoyl, arylcarbamoyl, aminoalkyl,
acyl, carboxy, hydroxyalkyl, alkanesulfonyl,
arenesulfonyl, alkanesulfonamido, arenesulfonamido,
aralkylsulfonamido, alkylcarbonyl, acyloxy, cyano, and
ureido groups. Preferred substituents, which are
themselves not further substituted (unless expressly
stated otherwise) are:(a) halo, hydroxy, cyano, oxo,
carboxy, formyl, nitro, amino, amidino, guanidino, (b)
C1-C5 alkyl or alkenyl or arylalkyl imino, carbamoyl,
azido, carboxamido, mercapto, hydroxy, hydroxyalkyl,
alkylaryl, arylalkyl, C1-C8 alkyl, C1-Cg alkenyl,
C1-Cg alkoxy, C1-Cg alkoxycarbonyl, aryloxycarbonyl, C
-C8 acyl, C2-Cg acylamino, Cj-C8 alkylthio,
arylalkylthio, arylthio, C1-C8 alkylsulfinyl,
arylalkylsulfinyl, arylsulfinyl, C1-C8 alkylsulfonyl,
arylalkylsulfonyl, arylsulfonyl, C0-C6Nlalkyl
carbamoyl, C2-C1 iV-dialkylcarbamoyl, C3-C7
cycloalkyl, aroyl, aryloxy, arylalkyl ether, aryl,
aryl fused to a cycloalkyl or heterocycle or another
aryl ring, C3-C7 heterocycle, C5-Cj4 heteroaryl, or
any of these rings fused or spirofused to a
cycloalkyl, heterocyclyl, or aryl, wherein each of the
foregoing is further optionally substituted with one
more moieties listed in (a), above; and (c) -(CH2)S-NR
30R3 1, wherein s is from 0 (in which case the
nitrogen is directly bonded to the moiety that is
substituted) to 6, and R and R3 are each independently
hydrogen, cyano, oxo, carboxamido, amidino, C1-C8
hydroxyalkyl, C1-C3 alkylaryl, aryl-Q-Q alkyl, C1-C8
alkyl, C1-C8 alkenyl, C1-C8 alkoxy, C1-Cg
alkoxycarbonyl, aryloxycarbonyl, 3TyI-C1-C3
alkoxycarbonyl, C -C8 acyl, C1-C8 alkylsulfonyl,
arylalkylsulfonyl, arylsulfonyl, aroyl, aryl,
cycloalkyl, heterocyclyl, or heteroaryl, wherein each
of the foregoing is further optionally substituted
with one more 



moieties listed in (a), above; or R30 and R3 1 taken
together with the N to which they are attached form a
heterocyclyl or heteroaryl, each of which is
optionally substituted with from 1 to 3 substituents
from (a), above. [0035] Especially preferred
substituents on alkyl groups include halogen, hydroxy,
alkoxy and alkylamine. [0036] Especially preferred
substituents or ring groups, such as aryl, heteroaryl,
cycloalkyl and heterocyclyl, include halogen, alkoxy
and alkyl. [0037] A "halohydrocarbyl" is a hydrocarbyl
moiety in which from one to all hydrogens have been
replaced with one or more halo. [0038] The term
"halogen" or "halo" as employed herein refers to
chlorine, bromine, fluorine, or iodine. As herein
employed, the term "acyl" refers to an alkylcarbonyl
or arylcarbonyl substituent. The term "acylamino"
refers to an amide group attached at the nitrogen atom
{i.e., R-CO-NH-). The term "carbamoyl" refers to an
amide group attached at the carbonyl carbon atom
{i.e., NH -CO-). The nitrogen atom of an acylamino or
carbamoyl substituent is additionally substituted. The
term "sulfonamido" refers to a sulfonamidesubstituent
attached by either the sulfur or the nitrogen atom.
The term "amino" is meant to include NH2, alkylamino,
arylamino, and cyclic amino groups. The term "ureido"
as employed herein refers to a substituted or
unsubstituted urea moiety. [0039] The term "radical"
as used herein means a chemical moiety comprising one
or more unpaired electrons. [0040] A moiety that is
substituted is one in which one or more hydrogens have
been independently replaced with another chemical
substituent. As a non-limiting example, substituted
phenyls include 2-flurophenyl, 3,4-dichlorophenyl,
3-chloro-4-fluoro-phenyl, 2- fluoro-3-propylphenyl. As
another non-limiting example, substituted n-octyls
include 2,4- dimethyl-5-ethyl-octyl and
3-cyclopentyl-octyl. Included within this definition
are methylenes (-CH2-) substituted with oxygen to form
carbonyl -CO-). [0041] An "unsubstituted" moiety as
defined above (e.g., unsubstituted cycloalkyl,
unsubstituted heteroaryl, etc.) means that moiety as
defined above that does not have any of the optional
substituents for which the definition of the moiety
(above) otherwise provides. Thus, for example, while
an "aryl" includes phenyl and phenyl substituted with
a halo, "unsubstituted aryl" does not include phenyl
substituted with a halo. [0042] Examples of kinases
that are inhibited by the compounds and compositions
described herein and against which the methods
described herein are useful include, but are not
limited to, c-Met and KDR. [0043] Depending on the
particular condition, or disease, to be treated,
additional therapeutic agents, which could be normally
administered to treat that condition, may also be
present in the compositions of this invention. In
other words, compounds of this invention can be
administered as the sole pharmaceutical agent or in
combination with one or more other additional
therapeutic (pharmaceutical) agents where the
combination causes no unacceptable adverse effects.
This may be of particular relevance for the treatment
of hyper-proliferative diseases such as cancer. In
this instance, the compound of this invention can be
combined with known cytotoxic agents, signal
transduction inhibitors, or with other anti-cancer
agents, as well as with admixtures and combinations
thereof. As used herein, additional therapeutic agents
that are normally administered to treat a particular
disease, or condition, are known as "appropriate for
the disease, or condition, being treated". As used
herein, "additional therapeutic agents" is meant to
include chemotherapeutic agents and other
antiproliferative agents. [0044] For example,
chemotherapeutic agents or other anti-proliferative
agents may be combined with the compounds of this
invention to treat proliferative disease or
cancer.Examples of chemotherapeutic agents or other
antiproliferative agents include HDAC inhibitors
including, but are not limited to, SAHA, MS-275,
MG0103, and those described in WO 2006/010264, WO
03/024448, WO 2004/069823, US 2006/0058298, US
2005/0288282, 



WO 00/71703, WO 01/38322, WO 01/70675, WO 03/006652,
WO 2004/035525, WO 2005/030705, WO 2005/092899, and
demethylating agents including, but not limited to, 5-
aza-dC, Vidaza and Decitabine and those described in
US 6,268137, US 5,578,716, US 5,919,772, US 6,054,439,
US 6,184,211, US 6,020,318, US 6,066,625, US
6,506,735, US 6,221,849, US 6,953,783, US 11/393,380
and PCT/US2006/001791. [0045] In another embodiment of
the present invention, for example, chemotherapeutic
agents or other antiproliferative agents may be
combined with the compounds of this invention to treat
proliferative diseases and cancer. Examples of known
chemotherapeutic agents include, but are not limited
to, for example, other therapies or anticancer agents
that may be used in combination with the inventive
anticancer agents of the present invention and include
surgery, radiotherapy (in but a few examples,
gamma-radiation, neutron beam radiotherapy, electron
beam radiotherapy, proton therapy, brachytherapy, and
systemic radioactive isotopes, to name a few),
endocrine therapy, taxanes (taxol, taxotere etc),
platinum derivatives, biologic response modifiers
(interferons, interleukins, and tumor necrosis factor
(TNF), TRAIL receptor targeting agents, to name a
few), hyperthermia and cryotherapy, agents to
attenuate any adverse effects (e.g., antiemetics), and
other approved chemotherapeutic drugs, including, but
not limited to, alkylating drugs (mechlorethamine,
chlorambucil, Cyclophosphamide, Melphalan,
Ifosfamide), antimetabolites (Methotrexate, Pemetrexed
etc), purine antagonists and pyrimidine antagonists
(6-Mercaptopurine, 5- Fluorouracil, Cytarabile,
Gemcitabine), spindle poisons (Vinblastine,
Vincristine, Vinorelbine, Paclitaxel),
podophyllotoxins (Etoposide, Irinotecan, Topotecan),
antibiotics (Doxorubicin, Bleomycin, Mitomycin),
nitrosoureas (Carmustine, Lomustine), inorganic ions
(Cisplatin, Carboplatin), Cell cycle inhibitors (KSP
mitotic kinesin inhibitors, CENP-E and CDK
inhibitors), enzymes (Asparaginase), and hormones
(Tamoxifen, Leuprolide, Flutamide, and Megestrol),
Gleevec(TM), adriamycin, dexamethasone, and
cyclophosphamide. Antiangiogenic agents (Avastin and
others). Kinase inhibitors (Imatinib (Gleevec),
Sutent, Nexavar, Erbitux, Herceptin, Tarceva, Iressa
and others). Agents inhibiting or activating cancer
pathways such as the mTOR, HIF (hypoxia induced
factor) pathways and others. For a more comprehensive
discussion of updated cancer therapies see,
http://www.nci.nih.gov/, a list of the FDA approved
oncology drugs at
http://www.fda.gov/cder/cancer/druglistframe.htm,and
The Merck Manual, Eighteenth Ed. 2006, the entire
contents of which are hereby incorporated by
reference. [0046] In another embodiment, the compounds
of the present invention can be combined with
cytotoxic anti-cancer agents. Examples of such agents
can be found in the 13th Edition of the Merck Index
(2001) These agents include, by no way of limitation,
asparaginase, bleomycin, carboplatin, carmustine,
chlorambucil, cisplatin, colaspase, cyclophosphamide,
cytarabine, dacarbazine, dactinomycin, daunorubicin,
doxorubicin (adriamycine), epirubicin, etoposide,
5-fluorouracil, hexamethylmelamine, hydroxyurea,
ifosfamide, irinotecan, leucovorin, lomustine,
mechlorethamine, 6-mercaptopurine, mesna,
methotrexate, mitomycin C, mitoxantrone, prednisolone,
prednisone, procarbazine, raloxifen, streptozocin,
tamoxifen, thioguanine, topotecan, vinblastine,
vincristine, and vindesine. [0047] Other cytotoxic
drugs suitable for use with the compounds of the
invention include, but are not limited to, those
compounds acknowledged to be used in the treatment of
neoplastic diseases, such as those for example in
Goodman and Gilman's The Pharmacological Basis of
Therapeutics (Ninth Edition, 1996, McGraw-Hill). These
agents include, by no way of limitation,
aminoglutethimide, L-asparaginase, azathioprine,
5-azacytidine cladribine, busulfan,
diethylstilbestrol, 2', 2'-difluorodeoxycytidine,
docetaxel, erythrohydroxynonyladenine, ethinyl
estradiol, 5-fluorodeoxyuridine, 5-fluorodeoxyuridine
monophosphate, fludarabine phosphate, fmoxymesterone,
flutamide, hydroxyprogesterone caproate, idarubicin,
interferon, medroxyprogesterone acetate, megestrol
acetate, melphalan, mitotane, paclitaxel, pentostatin,
N-phosphonoacetyl-L-aspartate (PALA), plicamycin,
semustine, teniposide, testosterone propionate,
thiotepa, trimethylmelamine, uridine, arid 



vinorelbine. [0048] Other cytotoxic anti-cancer agents
suitable for use in combination with the compounds of
the invention also include newly discovered cytotoxic
principles such as oxaliplatin, gemcitabine,
capecitabine, epothilone and its natural or synthetic
derivatives, temozolomide (Quinn et al., J. Clin.
Oncology 2003, 21(4), 646-651), tositumomab (Bexxar),
trabedectin (Vidal et al., Proceedings of the American
Society for Clinical Oncology 2004, 23, abstract
3181), and the inhibitors of the kinesin spindle
protein Eg5 (Wood et al., Curr. Opin. Pharmacol. 2001,
1, 370-377). [0049] m another embodiment, the
compounds of the present invention can be combined
with other signal transduction inhibitors. Of
particular interest are signal transduction inhibitors
which target the EGFR family, such as EGFR, HER-2, and
HER-4 (Raymond et al., Drugs 2000, 60 (Suppl.l),
15-23; Harari et al., Oncogene 2000, 19 (53),6102-61
14), and their respective ligands. Examples of such
agents include, by no way of limitation, antibody
therapies such as Herceptin (trastuzumab), Erbitux
(cetuximab), and pertuzumab. Examples of such
therapies also include, by no way of limitation,
smallmolecule kinase inhibitors such as ZD-1839/Iressa
(Baselga et al., Drugs 2000, 60 (Suppl. 1), 33-40),
OSI-774/Tarceva (Pollack et al. J. Pharm. Exp. Ther.
1999, 291(2), 739-748), CI-1033 (Bridges, Curr. Med.
Chem. 1999, 6, 825-843), GW-2016 (Lackey et al., 92nd
AACR Meeting, New Orleans, Mar. 24-28, 2001, abstract
4582), CP-724,714 (Jani et al., Proceedings of the
American Society for Clinical Oncology 2004, 23,
abstract 3122), HKI-272 (Rabindran et al., Cancer Res.
2004, 64, 3958-3965), and EKB-569 (Greenberger et al.,
1lth NCIEORTC- AACR Symposium on New Drugs in Cancer
Therapy, Amsterdam, November 7-10, 2000, abstract
388). [0050] In another embodiment, the compounds of
the present invention can be combined with other
signal transduction inhibitors targeting receptor
kinases of the splitkinase domain families (VEGFR,
FGFR, PDGFR, flt-3, c-kit, c-fms, and the like), and
their respective ligands. These agents include, by no
way of limitation, antibodies such as Avastin
(bevacizumab). These agents also include, by no way of
limitation, small-molecule inhibitors such as
STI-571/Gleevec (Zvelebil, Curr. Opin. Oncol., Endocr.
Metab. Invest. Drugs 2000, 2(1), 74-82), PTK-787 (Wood
et al., Cancer Res. 2000, 60(8), 2178-2189), SU-1 1248
(Demetri et al., Proceedings of the American Society
for Clinical Oncology 2004, 23, abstract 3001),
ZD-6474 (Hennequin et al., 92nd AACR Meeting, New
Orleans, Mar. 24-28, 2001, abstract 3152), AG-13736
(Herbst et al., Clin. Cancer Res. 2003, 9, 16 (suppl
1), abstract C253), KRN-951 (Taguchi et al., 95<th >
AACR Meeting, Orlando, FIa, 2004, abstract 2575),
CP-547,632 (Beebe et al., Cancer Res. 2003, 63,
7301-7309), CP-673,451 (Roberts et al., Proceedings of
the American Association of Cancer Research 2004, 45,
abstract 3989), CHIR- 258 (Lee et al., Proceedings of
the American Association of Cancer Research 2004, 45,
abstract 2130), MLN-518 (Shen et al., Blood 2003, 102,
11, abstract 476), and AZD-2171 (Hennequin et al.,
Proceedings of the American Association of Cancer
Research 2004, 45, abstract 4539). [0051] hi another
embodiment, the compounds of the present invention can
be combined with inhibitors of the Raf/MEK/ERK
transduction pathway (Avruch et al., Recent Prog.
Horni. Res. 2001, 56, 127-155), or the PKB (akt)
pathway (Lawlor et al., J. Cell Sci. 2001, 114,
2903-2910). These include, by no way of limitation,
PD-325901 (Sebolt-Leopold et al., Proceedings of the
American Association of Cancer Research 2004, 45,
abstract 4003),and ARRY-142886 (Wallace et al.,
Proceedings of the American Association of Cancer
Research 2004, 45, abstract 3891). [0052] In another
embodiment, the compounds of the present invention can
be combined with inhibitors of histone deacetylase.
Examples of such agents include, by no way of
limitation, suberoylanilide hydroxamic acid (SAHA),
LAQ-824 (Ottmann et al., Proceedings of the American
Society for Clinical Oncology 2004, 23, abstract
3024), LBH- 589 (Beck et al., Proceedings of the
American Society for Clinical Oncology 2004, 23,
abstract 3025), MS-275 (Ryan et al., Proceedings of
the American Association of Cancer 



Research 2004, 45, abstract 2452), FR-901228 (Piekarz
et al., Proceedings of the American Society for
Clinical Oncology 2004, 23, abstract 3028) and
MGCDOl03 (US 6,897,220). [0053] In another embodiment,
the compounds of the present invention can be combined
with other anti-cancer agents such as proteasome
inhibitors, and m-TOR inhibitors. These include, by no
way of limitation, bortezomib (Mackay et al.,
Proceedings of the American Society for Clinical
Oncology 2004, 23, Abstract 3109), and CCI-779 (Wu et
al., Proceedings of the American Association of Cancer
Research 2004, 45, abstract 3849). The compounds of
the present invention can be combined with other
anti-cancer agents such as topoisomerase inhibitors,
including but not limited to camptothecin. [0054]
Those additional agents may be administered separately
from the compoundcontianing composition, as part of a
multiple dosage regimen. Alternatively, those agents
may be part of a single dosage form, mixed together
with the compound of this invention in a single
composition. If administered as part of a multiple
dosage regimen, the two active agents may be submitted
simultaneously, sequentially or within a period of
time from one another which would result in the
desired activity of the agents. [0055] The amount of
both the compound and the additional therapeutic agent
(in those compositions which comprise an additional
therapeutic agent as described above) that may be
combined with the carrier materials to produce a
single dosage form will vary depending upon the host
treated and the particular mode of administration.
[0056] In those compositions which comprise an
additional therapeutic agent, that additional
therapeutic agent and the compound of this invention
may act synergistically. [0057] Throughout the
specification, preferred embodiments of one or more
chemical substituents are identified. Also preferred
are combinations of preferred embodiments. For
example, paragraph [0089] describes preferred
embodiments of E and paragraph [0060] describes
preferred embodiments of T. Thus, also contemplated as
within the scope of the invention are compounds E are
as described in paragraph [0089] and T is as described
inparagraph [0060]. Furthermore, compounds excluded
from any one particular genus of compounds (e.g.,
through a proviso clause) are intended to be excluded
from the scope of the invention entirely, including
from other disclosed genera, unless expressly stated
to the contrary. Compounds [0058] In the first aspect,
the invention comprises compounds of formula (A), that
are inhibitors of VEGF receptor signaling and HGF
receptor signaling: and N-oxides, hydrates, solvates,
pharmaceutically acceptable salts, prodrugs and
complexes thereof, wherein T is selected from the
group consisting of arylalkyl, cycloalkyl,
heterocyclyl, aryl and heteroaryl, wherein each of
said arylalkyl, cycloalkyl, heterocyclyl, aryl and
heteroaryl is optionally substituted with 1 to 3
independently selected R ; each R20 is independently
selected from the group consisting of -Ff, halogen,
trihalomethyl, - CN, -NO2, -NH2, -OR17, -OCF3,
-NR17R18, -S(O)0-2R17, -S(O)2NR17R17, -C(O)OR17, -
C(O)NR17R17, -N(R17)SO2R17, -N(R17)C(O)R17 ,
-N(R17)C(O)OR17, -C(O)R17, - C(O)SR17, C1-C4 alkoxy,
C1-C4 alkylthio, -O(CH2)naryl, -O(CH2)nheteroaryl,
-(CH2)0- 5(aryl), -(CH2)0-5(heteroaryl), C1-C6 alkyl,
C2-C6 alkenyl, C2-C6 alkynyl, -CH2(CH2)0-4- T2, an
optionally substituted C1-4 alkylcarbonyl, C1-4
alkoxy, an amino optionally substituted by C1-4 alkyl
optionally substituted by C1-4 alkoxy and a saturated
or unsaturated three- to seven-membered carboxyclic or
heterocyclic group, wherein T is selected from the
group consisting of -OH, -OMe, -OEt, -NH2, -NHMe,
-NMe2, -NHEt and -NEt2, and wherein the aryl,
heteroaryl, C1-C6 alkyl, C2-C6 alkenyl, and C2-C6
alkynyl are optionally substituted; W is selected from
the group consisting of O, S, NH and NMe; Z is
selected from the group consisting of O, or S and NH;
X and X1 are independently selected from the group
consisting of H, C1-C6 alkyl, halo, cyano, 



or nitro, wherein C1-C6 alkyl is optionally
substituted, or X and X1 taken together with the atom
to which they are attached, form a C3-C7 cycloalkyl;
R1, R2, R3 and R4 independently represent hydrogen,
halo, trihalomethyl, -CN, -NO2, -NH2, - OR17,
-NR17R18, -C(O)OR17 -C(O)R17, C1-C4 alkoxy, C1-C4
alkylthio, C1-C6 alkyl, C2- C6 alkenyl or C2-C6
alkynyl, wherein C1-C6 alkyl, C -C6 alkenyl and C2-C6
alkynyl are optionally substituted; R is selected from
the group consisting of H and R ; R18 is selected from
the group consisting of a (Ci-C6)alkyl, an aryl, a
aryl(C!-C6)alkyl, a heterocyclyl and aheterocyclyl(C
1-C6)alkyl, each of which is optionally substituted,
or R17 and R18, taken together with a common nitrogen
to which they are attached, form an optionally
substituted five- to seven-membered heterocyclyl, the
optionally substituted five- to seven-membered
heterocyclyl optionally containing at least one
additional annular heteroatom selected from the group
consisting of N, O, S and P; R16 is selected from the
group consisting of -H, -CN, -(CH2)0-5(aryl),
-(CH2)o-5(heteroaryl), C1- C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, -CH2(CH2)o-4-T2, an optionally
substituted C1-4 alkylcarbonyl, and a saturated or
unsaturated three- to seven-membered carboxyclic or
heterocyclic group, wherein T2 is selected from the
group consisting of -OH, -OMe, - OEt, -NH2, -NHMe,
-NMe2, -NHEt and -NEt2, and wherein the aryl,
heteroaryl, C1-C6 alkyl, C2-C6 alkenyl, and C -C6
alkynyl are optionally substituted; Q is selected from
the group consisting of CH2, O, S, N(H), N(C1-C6
alkyl), N-Y-(aryl), -NOMe, -NCH2OMe and -N-Bn; D is
selected from the group consisting of C-E and N; L is
N, or CR, wherein R is selected from the group
consisting of -H, halo, -CN, C1-C6 alkyl, C2-C6
alkenyl, and C2-C6 alkynyl, wherein C1-C6 alkyl, C2-C6
alkenyl, and C -C6 alkynyl are optionally substituted;
and E is selected from the group consisting of E , E
and E , wherein E1 is selected from the group
consisting of -H, halogen, nitro, azido, C1-C6 alkyl,
C3-C10 cycloalkyl, -C(O)NR42R43, -Y-NR42R43,
-NR42C(=O)R43, -SO2R42, -SO2NR42R43, - NR37SO2R42,
-NR37SO2NR42R43, -C(=N-OR42)R43, -C(=NR42)R43,
-NR37C(=NR42)R43, - C(=NR42)NR37R43,
-NR37C(=NR42)NR37R43, -C(O)R42, -CO2R42,
-C(O)(heterocyclyl), - C(O)(C6-C10 aryl),
-C(O)(heteroaryl), -Y-(C6-C10 aryl), -Y-(heteroaryl),
-Y-(5-10 membered heterocyclic), -NR6aR6b,
-NR6aSO2R6b, -NR6aC(O)R6b, -OC(O)R6b, - NR6aC(O)OR6b,
-OC(O)NR6aR6b,-OR6a, -SR6a, -S(O)R6a, -SO2R6a,
-SO3R6a, - SO2NR6aR6b, -SO2NR42R43, -C0R 6a, -CO2R6a,
-CONR6aR6b, -(Q-C^fluoroalkyl, -(C1- C4)fluoroalkoxy,
-(CZ3Z4)aCN, wherein n is an integer ranging from Oto
6, and the aforementioned E1 groups other than -H and
halogen are optionally substituted by 1 to
5independently selected R3 , or E1 is selected from a
moiety selected from the group consisting of
-(CZ3Z4)a-aryl, -(CZ3Z4)a-heterocycle, (C2-C6)alkynyl,
-(CZ3Z4)a-(C3- C6)cycloalkyl,
-(CZ3Z4)a-(C5-C6)cycloalkenyl, (C2-C6) alkenyl and
(C1-C6)alkyl, which is optionally substituted with 1
to 3 independently selected Y groups, where a is 0,1,
2, or 3, and wherein when a is 2 or 3, the CZ3Z4 units
may be the same or different; wherein each R38 is
independently selected from halo, cyano, nitro,
trifluoromethoxy, trifluoromethyl, azido, -C(O)R40,
-C(O)OR40, -OC(O)R40, -OC(O)OR40, -NR36C(O)R39,
-C(O)NR 36R39, - NR36R39, -OR37, -SO2NR36R39, C1-C6
alkyl, -(CH2)jO(CH2)iNR36R39, - (CH2)nO(CH2)iOR37,
-(CH2)nOR37, -S(O)J-(C1-C6 alkyl), -(CH2)n(C6-C10
aryl), - (CH2)n(C5-C10 heteroaryl), -(CH2)n(5-10
membered heterocyclyl); -C(O)(CH 2)n(C6-C10 aryl),
-(CH2)nO(CH2)j(C6-C10 aryl), -(CH2)nO(CH2)i(5-10
membered heterocyclyl), - C(O)(CH2)n(5-10 membered
heterocyclyl), -(CH2)jNR39(CH2)iNR36R39, -
(CH2)JNR39CH2C(O)NR36R39,
-(CH2)jNR39(CH2)iNR37C(O)R40, -
(CH2)jNR39(CH2)nO(CH2)iOR37, -(CH2)jNR39(CH2)iS(O)j
(C1-C6 alkyl), - (CH2)jNR39(CH2)nR36, -SO2(CH2 C6-C10
aryl), -SO2(CH2)n(5-10 membered heterocyclyl),
-(CH2)nNR36R39, -NR37SO2NR36R39, SO2R36, C2-C6
alkenyl, C3-C10 



cycloalkyl and C1-C6 alkylamino, wherein j is an
integer ranging from Oto 2, n is an integer ranging
from Oto 6, i is an integer ranging from Oto 6, the
-(CH2);- and -(CH2)n- moieties of the foregoing R38
groups optionally include a carbon-carbon double or
triple bond where n is an integer between 2 and 6, and
the alkyl, aryl, heteroaryl and heterocyclyl moieties
of the foregoing R groups are optionally substituted
by one or more substituents independently selected
from the group consisting of halo, cyano, nitro,
trifluoromethyl, azido, -OH, -C(O)R40, -C(O)OR40,
-OC(O)R40, -OC(O)OR40, - NR36C(O)R39, -C(O)NR36R39,
-(CH2)nNR36R39, C1-C6 alkyl, C3-C10 cycloalkyl, -
(CH2)n(C6-C10 aryl), -(CH2)n(5-10 membered
heterocyclyl), -(CH2) O(CH2)iOR37, and - (CH2)nOR ,
wherein n is an integer ranging from Oto 6 and i is an
integer ranging from 2 to 6; each R 2 and R43 is
independently selected from the group consisting of H,
C1-C6 alkyl, C1-C6 heteroalkyl, -Y-(C3-C10
cycloalkyl), -Y-(C6-C10 aryl), -Y-(C6-C10 heteroaryl),
-Y-(5-10 membered heterocyclic), -Y-O-Y^OR 37, -Y
CO2-R37, and -Y-OR37, wherein the alkyl, heteroalkyl,
cycloalkyl, aryl, heteroaryl and heterocyclic moieties
of the foregoing R42 and R43 groups are optionally
substituted by 1 or more substituents independently
selected from R44, whereinY is abond or is
-(C(R37)(H))n, n is an integer ranging from 1 to 6,
and Y s - C R XH or R42 and R43 taken together with
the nitrogen to which they are attached form a C5-C
heterocyclyl ring or a heteroaryl ring, wherein said
ring is optionally substituted by 1 to 5 independently
selected R4 substituents, with the proviso that R42
and R43 are not both bonded to the nitrogen directly
through an oxygen; each R44 is independently selected
from the group consisting of halo, cyano, nitro,
trifluoromethoxy, trifluoromethyl, azido, -C(O)R40,
-C(O)OR40, -OC(O)R40, - OC(O)OR40, -NR36C(O)R39,
-C(O)NR36R39, -NR36R39, -OR37, -SO2NR36R39, -SO2R36, -
NR36SO2R39, -NR36SO2NR37R4 1, C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C10 cycloalkyl, -C1-C6
alkylamino, -(CH2)jO(CH2)iNR36R39, -(CH2)nO(CH2)iOR37,
- (CH2)nOR37, -S(O)J(C1-C6 alkyl), -(CH^Cg-Q 0 aryl),
-(CH2)p(5-10 membered heterocyclic),
-C(O)(CH2)n(C6-C10 aryl), -(CH2)nO(CH2)j (C6-C10
aryl), - (CH2)nO(CH2)i(5 to 10 membered heterocyclic),
-C(O)(CH2)n(5 to 10 membered, heterocyclic),
-(CH2)jNR39(CH2)iNR36R39, -(CH2)JNR39CH2C(O)NR36R39, -
(CH2)jNR39(CH2)iNR37C(O)R40,
-(CH2)jNR39(CH2)nO(CH2)iOR37, -
(CH2)jNR39(CH2)iS(O)j(C1-C6 alkyl),
-(CH2)jNR39(CH2)nR36, -SO2(CH2)n(C6-C10 aryl), and
-SO2(CH2)n(5 to 10 membered heterocyclic) wherein, j
is an integer from Oto 2, n is an integer from Oto 6
and i is an integer ranging from 2 to 6, the -(CH2)j-
and -(CH2)nl - moieties of the foregoing R groups
optionally include a carbon-carbon double or triple
bond wherein n is an integer from 2 to 6, and the
alkyl, aryl and heterocyclic moieties of the foregoing
R44 groups are optionally substituted by 1 or more
substituents independently selected from the group
consisting of halo, cyano, nitro, trifluoromethyl,
azido, -OH, -C(O)R40, -C(O)OR40, -OC(O)R40, -OC(O)OR
40,-NR36C(O)R39, - C(O)NR36R39, -(CH2)nNR36R39,
-SO2R36, -SO2NR36R39, C1-C6 alkyl, C3-C10 cycloalkyl,
- (CH2)n(C6-C10 aryl), -(CH2)n(5 to 10 membered
heterocyclic), -(CH2)nO(CH2)iOR37 and -(CH2)nOR37,
wherein n is an integer from Oto 6 and i is an integer
from 2 to 6; and each R40 is independently selected
from H, C1-C10 alkyl, -(CH2) 1(C6-C1O aryl), C -C10
cycloalkyl, and -(CH2)n(5-l Omembered heterocyclic),
wherein n is an integer ranging from Oto 6; each R36
and R39 is independently selected from the group
consisting of H, -OH, C1-C6 alkyl, C3-C10 cycloalkyl,
-(CH2)n(C6-C10 aryl), -(CH2)n(5-10 membered
heterocyclic), - (CH2)nO(CH2)iOR37,
-(CH2)nCN(CH2)nOR37, -(CH2)nCN(CH2)nR37, and
-(CH2)nOR37,wherein n is an integer ranging from Oto 6
and i is an integer ranging from 2 to 6, and the
alkyl, aryl and heterocyclic moieties of the foregoing
R36 and R39 groups are 



optionally substituted by one or more substituents
independently selected from -OH, halo, cyano, nitro,
trifluoromethyl, azido, -C(O)R40, -C(O)OR40,
-CO(O)R40, - OC(O)OR40, -NR37C(O)R4 1, -C(O)NR37R41,
-NR37R41, -C1-C6 alkyl, -(CH2)n(C6-C10 aryl),
-(CH2)n(5 to 10 membered heterocyclic),
-(CH2)nO(CH2)iOR37, and -(CH2)nOR37, wherein n is an
integer ranging from Oto 6 and i is an integer ranging
from 2 to 6, with the proviso that when R36 and R39
are both attached to the same nitrogen, then R36 and
R39 are not both bonded to the nitrogen directly
through an oxygen; each R37 and R4 1 is independently
selected from the group consisting of H, OR36, C1-C
alkyl and C3-C10 cycloalkyl; each R6a and R6b is
independently selected from the group consisting of
hydrogen, -(CZ5Z6)U- (C3-C6)cycloalkyl,
-(CZ5Z6)u-(C5-C6)cycloalkenyl, -(CZ5Z6)u-aryl,
-(CZ5Z6)u-heteroaryl, -(CZ5Z6)u-heterocycle, (C2-C
)alkenyl, and (Q-C^alkyl, each of which is optionally
substituted with 1 to 3 independently selected Y3
groups, where u is 0,1, 2, or 3, and wherein when u is
2 or 3, the CZ5Z6 units may be the same or different,
or R6a and R6 taken together with adjacent atoms can
form a heterocycle; each Z , Z4, Z5 and Z is
independently selected from the group consisting of H,
F and (C1- C6)alkyl, or each Z3 and Z4, or Z5 and Z6
are selected together to form a carbocycle, or two Z3
groups on adjacent carbon atoms are selected together
to optionally form a carbocycle; each Y and Y is
independently selected from the group consisting of
halogen, cyano, nitro, tetrazolyl, guanidino, amidino,
methylguanidino, azido, -C(O)Z7, -OC(O)NH2, -OC(O)
NHZ7, -OC(O)NZ7Z8, -NHC(O)Z7, -NHC(O)NH2, -NHC(O)NHZ7,
-NHC(O)NZ7Z8, - C(O)OH, -C(O)OZ7, -C(O)NH2,
-C(O)NHZ7,-C(O)NZ7Z8, -P(O)3H2, -P(O)3(Z7)2, - S(O)3H,
-S(O)Z7, -S(O)2Z7, -S(O)3Z7, -Z7, -OZ7, -OH, -NH2,
-NHZ7, -NZ7Z8, - C(-NH)NH 2,-C(=NOH)NH2,
-N-morpholino, (C1-C6)alkyl, (C2-C6)alkenyl, (C2-
C6)alkynyl, (Cr C6)haloalkyl, (C2-C6)haloalkenyl,
(C2-C6)haloalkynyl, (C1- C6)haloalkoxy, -(CZ9Z10)rNH2,
-(CZ9Z10)rNHZ3, -(CZ9Z10)rNZ7Z8, -X6(CZ9Z10)r-(C3-
C8)cycloalkyl, -X6(CZ9Z10)r-(C5-C8)cycloalkenyl,
-X6(CZ9Z10)r-aryl and -X6(CZ9Z10)r- heterocycle,
wherein ris 1, 2, 3 or 4; X6 is selected from the
group consisting of O, S, NH, -C(O)-, -C(O)NH-,
-C(O)O-, -S(O)-, - S(O)2- and -S(O)3-;Z7 and Z8 are
independently selected from the group consisting of an
alkyl of 1 to 12 carbon atoms, an alkenyl of 2 to 12
carbon atoms, an alkynyl of 2 to 12 carbon atoms, a
cycloalkyl of 3 to 8 carbon atoms, a cycloalkenyl of 5
to 8 carbon atoms, an aryl of 6 to 14 carbon atoms, a
heterocycle of 5 to 14 ring atoms, an aralkyl of 7 to
15 carbon atoms, and a heteroaralkyl of 5 to 14 ring
atoms, or Z7 and Z8 together may optionally form a
heterocycle; Z9 and Z10 are independently selected
from the group consisting of H, F, a (C -C12)alkyl, a
(C6-C14)aryl, a (C5-C14)heteroaryl, a (C7-C1s)aralkyl
and a (C5-C14)heteroaralkyl, or Z9 and Z10 are taken
together form a carbocycle, or two Z9 groups on
adjacent carbon atoms are taken together to form a
carbocycle; or any two Y2 or Y3 groups attached to
adjacent carbon atoms may be taken together to be -
0[C(Z 9XZ10X]1O or -O[C(Z9)(Z10)]I+1 , or any two Y or
Y groups attached to the same or adjacent carbon atoms
may be selected together to form a carbocycle or
heterocycle; and wherein any of the above-mentioned
substituents comprising a CH3 (methyl), CH
(methylene), or CH (methine) group which is not
attached to a halogen, SO or SO group or to aN, O or S
atom optionally bears on said group a substituent
selected from hydroxy, halogen, (C1- C4)alkyl, (C
C4)alkoxy and an -N[(C1-C4)alkyl][(C 1-C4)alkyl]; E2
is -C CH or -CC-(CR45R45)n-R46; R45 is independently
selected from the group consisting of H, a
(C1-C6)alkyl and a (C3- 



C8)cycloalkyl; R46 is selected from the group
consisting of heterocyclyl, -N(R47)-C(O)-N(R 47)(R48),
-N(R47)- C(S)-N(R47XR48), -N(R47)-C(O)-OR48,
-N(R47)-C(O)-(CH2)n-R48, -N(R47)-SO2R47, -
(CHa)nNR47R48, -(CH2)nOR48, -(CH2)nSR49,
-(CH2)nS(O)R49, -(CH2)nS(O)2R49, - OC(O)R49,
-OC(O)OR49, -C(O)NR47R48, heteroaryl optionally
substituted with one or more substituents selected
from the group consisting of halo, -CF3, (C1-C6^IkOXy,
-NO2, (Ci-C6)alkyl, -CN, -SO2R50 and -(CH2)nNR50R51,
and aryl optionally substituted with one or more
substituents selected from the group consisting of
halo, -CF3, (C1- C6)alkoxy, -NO2, (Cr C6)alkyl, -CN,
-SO2R50 and -(CH2)nNR50R51; R 7 and R4 are
independently selected from the group consisting of H,
(Ci-C 6)alkyl, (C3- C8)cycloalkyl, heterocyclyl,
-(CH2)nNR50R5 1, -(CH2)nOR50, -(CH2)nC(O)R49,
-C(O)2R49, -(CH2)nSR49, -(CH2)nS(O)R49,
-(CH2)nS(O)2R49, -(CH2)nR49, -(CH2)nCN, aryl
optionally substituted with one or more substituents
selected from the group consisting of halo, - CF3,
(Ci-C^alkoxy, -NO2, (d-C^alkyl, -CN, -(CH2)nOR49,
-(CH2)nheterocyclyl, -(CH2)nheteroaryl, -SO2R50 and
-(CH2)nNR50R51, and heteroaryl optionally substituted
with one or more substituents selected from the group
consisting of halo, -CF3, (C1- C6)alkoxy, -NO2, (Cr
C6)alkyl, -CN, -(CH2)nOR49, -(CH2)nheterocyclyl, -
(CH2)nheteroaryl, -SO2R50 and -(CH2)nNR50R5 1, or R47
and R48, together with the atom to which they are
attached, form a 3-8 membered ring; R49 is selected
from the group consisting of (Q-C^alkyl,
(C3-C8)cycloalkyl, heterocyclyl(Cr C6)alkylene,
aryl(Ci-C 6)alkylene wherein the aryl is optionally
substituted with one or more substituents selected
from the group consisting of halo, -CF3,
(C1-Ce)EIkOXy, -NO2, (C1-C6)alkyl, -CN, -SO2R50 and
-(CH2)nNR50R5 1, heteroary^Q-C^alkylene wherein the
heteroaryl is optionally substituted with one or more
substituents selected from the group consisting of
halo, -CF3, (Cr C6)alkoxy, -NO2, (C1-C6)alkyl, -CN,
-SO2R50 and - (CH2)nNR50R5 1, aryl optionally
substituted with one or more substituents selected
from the group consisting of halo, -CF3,
(C1-C6)alkoxy, -NO2, (Cr C6)alkyl, -CN, -SO2R50 and
-(CH2)nNR50R5 1, and heteroaryl optionally substituted
with one or more substituents selected from the group
consisting of halo, -CF3, (Q-C^alkoxy, -NO2,
(Q-C^alkyl, - CN, -SO2R50 and -(CH2)nNR50R5 1; R50 and
R5 1 are independently selected from the group
consisting of H, (Q-C^alkyl, (C3- C8)cycloalkyl and
-C(O)R 45, or R50 and R5 1, together with the atom to
which they are attached, form a 3-8 membered ring; and
E3 is the group defined by -(Z p )-(Z 12)ffl-(Z13)ml ,
wherein Z11 is heterocyclyl or heterocyclylene; Z is
selected from the group consisting of OC(O), OC(S) and
C(O); Z13 is selected from the group consisting of
heterocyclyl, aralkyl, N(H)R 52, (C1-C3)alkyl, - OR52,
halo, S(O)2R56, (d-C 3)hydroxyalkyl and (Ci-C
3)haloalkyl; m is Oor 1; ml is Oor 1; R52 is selected
from the group consisting of H, -(CH2)qS(O)2R54,
R55NR53R53, (C1-C3)alkyl, - (CH2)qOR53, -C(O)R54 and
-C(O)OR 53; q is O, 1, 2, 3 or 4; R53 is (C1-C3)alkyl;
R54 is (C1-C3)alkyl or N(H)R 53; R55 is (C1-C6) alkyl;
and R56 is selected from the group consisting OfNH 2,
(CrC 3)alkyl and OR52.[0059] In a preferred embodiment
of the compounds according to the present invention, T
is aryl or heteroaryl, wherein each of said aryl and
heteroaryl is optionally substituted with 1 to 3
independently selected R . [0060] In a preferred
embodiment of the compounds according to the present
invention, T is selected from the group consisting of
arylalkyl, cycloalkyl and heterocyclyl, wherein each
of said arylalkyl, cycloalkyl and heterocyclyl is
optionally substituted with 1 to 3 



independently selected R20. [0061] In a preferred
embodiment of the compounds according to the present
invention, R20 is selected from the group consisting
of H, halogen, -OR17 and -C(O)OR 17 . [0062] In a
preferred embodiment of the compounds according to the
present invention, R20 is fluorine or chloride. [0063]
In a preferred embodiment of the compounds according
to the present invention, W isO. [0064] In a preferred
embodiment of the compounds according to the present
invention, Z is S or O. [0065] In a preferred
embodiment of the compounds according to the present
invention, Z is S. [0066] In a preferred embodiment of
the compounds according to the present invention, X
and X1 are independently selected from the group
consisting of H and Ci-C alkyl, wherein the Ci-C alkyl
is optionally substituted. [0067] In a preferred
embodiment of the compounds according to the present
invention, X and X1 are both H. [0068] In a preferred
embodiment of the compounds according to the present
invention, X and X1 taken together with the atom to
which they are attached, form a C3-C7cycloalkyl.
[0069] In a preferred embodiment of the compounds
according to the present invention, R1, R2, R3 and R4
are independently selected from the group consisting
of H, halogen, trihalomethyl, OR17, -NR17R18 and d-C
6alkyl. [0070] In a preferred embodiment of the
compounds according to the present invention, R1, R2
and R4 are independently selected from the group
consisting of H, halo and -OR17 . [0071] In a
preferred embodiment of the compounds according to the
present invention, R1 is H or halogen. [0072] In a
preferred embodiment of the compounds according to the
present invention, R1 is halogen.[0073] In a preferred
embodiment of the compounds according to the present
invention, R2, R3 and R4 are each H. [0074] In a
preferred embodiment of the compounds according to the
present invention, R 17 is a d-C alkyi. [0075] In a
preferred embodiment of the compounds according to the
present invention, R16 is H or C1-QaIkVl. [0076] In a
preferred embodiment of the compounds according to the
present invention, Q is selected from the group
consisting of CH , S, -N-(C 1-C aIlCyI), N-Y-(aryl)
and -N-OMe. [0077] In a preferred embodiment of the
compounds according to the present invention, Q is S.
[0078] In a preferred embodiment of the compounds
according to the present invention, Q is CH2. [0079]
In a preferred embodiment of the compounds according
to the present invention, Q is -N-(C 1-C6alkyl).
[0080] In a preferred embodiment of the compounds
according to the present invention, Q is -N-Y-(aryl).
[0081] In a preferred embodiment of the compounds
according to the present invention, Q is -N-OMe.
[0082] In a preferred embodiment of the compounds
according to the present invention, D is C-E. [0083]
In a preferred embodiment of the compounds according
to the present invention, D is CH. [0084] In a
preferred embodiment of the compounds according to the
present invention, L is C-R. [0085] In a preferred
embodiment of the compounds according to the present
invention, 



R is H or halogen. [0086] In a preferred embodiment of
the compounds according to the present invention, L is
N. [0087] In a preferred embodiment of the compounds
according to the present invention, E is selected from
the group consisting of E1 and E2. [0088] In a
preferred embodiment of the compounds according to the
present invention, E is E1. [0089] In a preferred
embodiment of the compounds according to the present
invention, E is E1, wherein E1 is selected from the
group consisting of H, halogen, -C(=N-OR 42)R43,
-C(O)NR42R43, -SO2NR42R43, C(=NR42)NR37R43, -CO2R42,
-C(O)(heterocyclyl), - C(O)(heteroaryl), -Y-(C6-C1
aryl), -Y-(heteroaryl), -Y-(5 to 10 membered
heterocyclic), - SR6a, -S(O)R6a, -SO2R6a, wherein each
of said E1 other than H and halogen are optionally
substituted with 1 to 5 independently selected R38, or
El is (Cl-C )alkyl, which is optionally substituted
with 1 to 3 independently selected Y2 groups. [0090]
In a preferred embodiment of the compounds according
to the present invention, R38 is. selected from the
group consisting of halogen, -C(O)OR40, -NR36C(O)R39,
- C(O)NR36R39, -NR36R39, -OR37, Ci-C6alkyl,
-C(CH2)jO(CH2)iNR36R39, -(CH2)nOR37, -
S(O)J(C1-C6alkyl), -(CH2)n-(5 to 10 membered
heterocyclic), -(CH2)O(CH2)i(5 to 10 membered
heterocyclic), -(CH2)n(5 to 10 membered heteroaryl),
-(CH2)jNR39(CH2)iNR36R39, - (CH2)jNR39(CH2)nR36,
-(CH2)nNR36R39, wherein j is an integer ranging from 0
to 2, n is an integer ranging from 0 to 6, i is an
integer ranging from 1 to 6, , the -(CH2)r and
-(CH2)n- moieties of the foregoing R38 groups
optionally include a carbon-carbon double or triple
bond where n is an integer between 2 and 6, and the
alkyl, aryl, heteroaryl, and heterocyclic moieties of
the foregoing R38 groups are optionally substituted by
one or more substituents independently selected from
the group consisting of halo, cyano, nitro,
trifiuoromethyl, azido, -OH, -C(O)R40, -C(O)OR40,
-OC(O)R40, -OC(O)OR40, -NR36C(O)R39, -C(O)NR36R39, -
(CH2)nNR36R39, C1-C6 alkyl, C3-C10 cycloalkyl,
-(CH2)n(C6-C10 aryl), -(CH2)n(5-10 membered
heterocyclyl), -(CH2)nO(CH2);OR37, and -(CH2)nOR37,
wherein n is an integer ranging from O to 6 and i is
an integer ranging from 2 to 6. [0091] In a preferred
embodiment of the compounds according to the present
invention, the alkyl, aryl, heteroaryl, and
heterocyclic moieties of the foregoing R38 groups are
optionally substituted by one or more substituents
independently selected from the group consisting of -
OH and -C(O)OR40. [0092] In a preferred embodiment of
the compounds according to the present invention, each
R42 and R43 is independently selected from the group
consisting of H, -Y-(C -C10 cycloalkyl), -Y-(C -C10
aryl), -Y-(C6-C10 heteroaryl) and -Y-(5 to 10 membered
heterocyclic), wherein the cycloalkyl, aryl,
heteroaryl and heterocyclic moieties of the foregoing
R42 and R43 groups are optionally substituted by 1 or
more substituents independently selected from R44.
[0093] In a preferred embodiment of the compounds
according to the present invention, each R42 and R43
is independently selected from the group consisting of
H, C1-C6 alkyl, Ci-C6 heteroalkyl, -Y CO2-R37 and
-Y-OR37. [0094] In a preferred embodiment of the
compounds according to the present invention, one of
R42 and R43 is H.[0095] In a preferred embodiment of
the compounds according to the present invention, one
of R42 and R43 is -(C6-C10 heteroaryl) or -Y-(5 to 10
membered heterocyclic). [0096] In a preferred
embodiment of the compounds according to the present
invention, Y is a bond. [0097] In a preferred
embodiment of the compounds according to the present
invention, Y iS -(C(R37XH)),, [0098] In a preferred
embodiment of the compounds according to the present
invention, R42 and R43 taken together with the
nitrogen to which they are attached form a C5-Cg
heterocyclyl ring or a heteroaryl ring, wherein said
ring is optionally substituted by 1 to 5 independently
selected R44 substituents, with the proviso that R42
and R43 are not both bonded 



to the nitrogen directly through an oxygen. [0099] In
a preferred embodiment of the compounds according to
the present invention, R44 is independently selected
from the group consisting of -C(O)NR 36R39, -OR37 and
C1- C6alkyl. [01 00] In a preferred embodiment of the
compounds according to the present invention, each R40
is independently selected from the group consisting of
H and C1-C10 alkyl. [0101] In a preferred embodiment
of the compounds according to the present invention,
each R36 and R39 is independently selected from the
group consisting of H, Q-C alkyl, - (CH2)n(5 to 10
membered heterocyclic), -(CH2)nOR37 and -C(O)OR40,
wherein n is an integer ranging from 0 to 6 and i is
an integer ranging from 2 to 6, with the proviso that
when R36 and R are both attached to the same nitrogen,
then R36 and R39 are not both bonded to the nitrogen
directly through an oxygen. [01 02] In a preferred
embodiment of the compounds according to the present
invention, each R37 and R4 is independently selected
from the group consisting of H and C1-QaUCyI. [0103]
In a preferred embodiment of the compounds according
to the present invention, R6a is selected from the
group consisting of -(CZ5Z6)u-aryl,
-(CZ5Z6)u-heteroaryl and C1- C alkyl, each of which is
optionally substituted with 1 to 3 indepedently
selected Y3 groups, wherein u is 0, 1, 2 or 3, and
wherein when u is 2 or 3, the CZ5Z6 units may be the
same or different. [0104] In a preferred embodiment of
the compounds according to the present invention, R a
is selected from the group consisting of
-(CZ5Z6)u-aryl and -(CZ5Z6)u-heteroaryl, each of which
is optionally substituted with 1 to 3 indepedently
selected Y3 groups, wherein u is 0. [0105] hi a
preferred embodiment of the compounds according to the
present invention, Y is -OH.[01 06] In a preferred
embodiment of the compounds according to the present
invention, Y3 is -OH. [01 07] In a preferred
embodiment of the compounds according to the present
invention, E2 is -CC-(CR45R45)n-R46' wherein n is an
integer ranging from 1 to 6. [0108] In a preferred
embodiment of the compounds according to the present
invention, R45 is H. [0109] In a preferred embodiment
of the compounds according to the present invention,
R46 is a heterocyclyl. [01 10] In a preferred
embodiment of the compounds according to the present
invention,, the compounds are represented by the
formula A-O: and N-oxides, hydrates, solvates,
pharmaceutically acceptable salts, prodrugs and
complexes thereof, wherein Z is O or S; X and X1 are
independently selected from the group consisting of H,
C1-C6 alkyl, halo, cyano and nitro, wherein C1-C alkyl
is optionally substituted; R1, R2, R3 and R4 are
independently selected from the group consisting of
hydrogen, halo, trihalomethyl, -OR17, C1-C6 alkyl,
C2-C6 alkenyl or C2-C6 alkynyl, wherein C1-C6 alkyl, C
-C6 alkenyl and C2-C6 alkynyl are optionally
substituted; Q is O, S, NH, N(C1-C6 alkyl), or
N-Y-(aryl); D is CR11, or N; L is N, or CR, wherein R
is H, halo, -CN, C1-C6 alkyl, C2-C6 alkenyl, or C2-C6
alkynyl, wherein C1-C6 alkyl, C2-C alkenyl, and C2-C6
alkynyl are optionally substituted; and R7 is H,
halogen, C1-C6 alkyl, -C(=O)NR9R10, -C(=O)(aryl),
-C(=O)(heterocyclyl), - C(=O)(heteroaryl), -Y-(aryl),
-Y-(heterocyclyl), -Y-(heteroaryl), -S-aryl, -S-C1-C6
alkyl, -SO-C1-C6 alkyl, -SO2-C1-C6 alkyl, -Y-NR9R10 ,
-SO2NR9R10 or CO2R9, wherein C1-C6 alkyl, aryl,
heterocycle and heteroaryl are each independently
optionally substituted; R9 and R10 are independently
selected from H, C1-C6 alkyl, -Y-(cycloalkyl),
-Y-(aryl), -Y- 



(heterocyclyl), -Y-(heteroaryl), -Y-O-Y^O-R 11, -Y
CO2-R11, and -Y-O-R11, whereinC1-C6 alkyl, cycloalkyl,
aryl, heterocycle, and heteroaryl are each optionally
substituted, or R9 and R10 taken together with the
nitrogen to which they are attached form a C5-Cg
heterocyclyl ring or a heteroaryl ring, wherein said
ring is optionally substituted; Y is a bond or is
-(C(Rp )(H))t-, wherein t is an integer from 1 to 6;
YMs -( C(R1 1XH)V, R11 at each occurrence is
independently H or C1-C6 alkyl, wherein C1-C6 alkyl is
optionally substituted, each R20 is independently
selected from the group consisting of hydrogen, halo,
trihalomethyl, OR17, C1-C6 alkyl, C2-C6 alkenyl or
C2-C6 alkynyl, wherein C1-C6 alkyl, C2-C6 alkenyl and
C -C6 alkynyl are optionally substituted, and each R17
is an independently selected Q-C alkyl, wherein said C
i-C6alkyl is optionally substituted. [01 11] In a
preferred embodiment of the compounds according to the
present invention, X and X1 are both hydrogen. [01 12]
In a preferred embodiment of the compounds according
to the present invention, R is hydrogen or halogen.
[0113] In a preferred embodiment of the compounds
according to the present invention, R1 is fluorine.
[01 14] In a preferred embodiment of the compounds
according to the present invention, R is hydrogen or
halogen. [01 15] In a preferred embodiment of the
compounds according to the present invention, R is
fluorine. [0116] In a preferred embodiment of the
compounds according to the present invention, R2 is
selected from the group consisting of H, halogen,
trihalomethyl and -OR17 . [0117] In a preferred
embodiment of the compounds according to the present
invention, R3, and R20 are each hydrogen. [0118] In a
preferred embodiment of the compounds according to the
present invention, R20 is -OR17. [0119] Li a preferred
embodiment of the compounds according to the present
invention, Q is S, N(C1-C6 alkyl), or N-Y-(aryl), more
preferably S. [0120] In a preferred embodiment of the
compounds according to the present invention, Q is
NH.[0121] In a preferred embodiment of the compounds
according to the present invention, D is CR11, more
preferably CH. [0122] In a preferred embodiment of the
compounds according to the present invention, L is CH
or N, more preferably CH. [0123] In a preferred
embodiment of the compounds according to the present
invention, R7 is H, halogen, C1-C6 alkyl,
-C(=N-OR42)R43, -C(O)-heterocyclyl, Y-aryl, -CONR9R10,
- SO2NH2, -SO2NR9R10 , -Y-heterocyclyl, -Y-heteroaryl,
-S-aryl, -S-C1-C6 alkyl, -SO-C1-C6 alkyl, or
-SO2-C1-C6 alkyl, wherein C1-C6 alkyl, is
unsubstituted or is substituted with one or two of
hydroxy or halogen, and heterocyclyl, and heteroaryl
are unsubstituted or substituted with one or two of
alkoxy, alkyl, or haloalkyl. [0124] In a preferred
embodiment of the compounds according to the present
invention, R7 is -CONR9R10 . [0125] In a preferred
embodiment of the compound according to the present
invention, R7 is Y-heteroaryl. [0126] In a preferred
embodiment of the compounds according to the present
invention, R9 and R10 are independently H, C1-C6
alkyl, -Y-O-R1 1, -Y-(heterocycle), -Y CO2-R1 1, or
-Y- (aryl), wherein C1-C6 alkyl is unsubstituted or is
substituted with one or two of hydroxy or halogen, and
heterocyclyl, and aryl are unsubstituted or are
substituted with one or two of alkoxy, alkyl, or
haloalkyl. 



[0127] In a preferred embodiment of the compounds
according to the present invention, R9 and R are taken
together with the nitrogen to which they are attached
to form a pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl, or thiomorpholinyl ring, wherein said
ring is unsubstituted or is substituted with one or
two of alkoxy, alkyl, or haloalkyl. [0128] In a
preferred embodiment of the compounds according to the
present invention, R is H, halogen, C1-C6 alkyl,
-SO2NR9R10, -C(=O)(heterocyclyl), -Y-(heterocyclyl),
or -Y- (heteroaryl), wherein C1-C6 alkyl is
unsubstituted or is substituted with one or two of
hydroxy or halogen, and heterocyclyl, and heteroaryl
are unsubstituted or are substituted with one or two
of alkoxy, alkyl, or haloalkyl. [0129] In a preferred
embodiment of the compounds according to the present
invention, Z is sulfur. [0130] In a preferred
embodiment of the compounds according to the present
invention, R is optionally substituted Y-heteroaryl.
[0131] In a preferred embodiment of the compounds
according to the present invention, R is Y-heteroaryl
optionally substituted on carbon with a substituent
selected from the groupconsisting of alkyl,
-alkyl-C(O)-NR36R39, -(CH^o-eheterocyclyl and
-(CH2)o-2NR39(CH2)o-6R36, and on nitrogen with oxygen.
[01 32] In a preferred embodiment of the compounds
according to the present invention, R7 is selected
from the group consisting of -C(=N-OR42)R43 and
-NR6aR6b, each of which is optionally substituted. [01
33] In a preferred embodiment of the compounds
according to the present invention, R7 is optionally
substituted -C(0)-heterocyclyl. [01 34] In a preferred
embodiment of the compounds according to the present
invention, R7 is -C(O)-heteroeyclyl, optionally
substituted with -NR36R39. [0135] In a preferred
embodiment of the compounds according to the present
invention, R7 is optionally substituted heterocyclyl.
[01 36] In a preferred embodiment of the compounds
according to the present invention, R7 is heterocyclyl
optionally substituted with a substituent selected
from the group consisting of alkyl and -C(O)R 40.
[0137] In a preferred embodiment of the compounds
according to the present invention, R is optionally
substituted aryl. [0138] In a preferred embodiment of
the compounds according to the present invention, R is
aryl optionally substituted with a substituent
selected from the group consisting Of-(CHa)0-
2NR39(CH2)o-6R36, heterocyclyl,halogen, -S(O)2alkyl,
-C(O)NR36R39, -(CH2)0-6heterocyclyl, each of which
with the exception of halgen can be optionally
substituted. Preferrably the heterocyclyl moiety is
optionally substituted with alkyl or -C(O)NR36R39.
[0139] In a preferred embodiment of the compounds
according to the present invention, R20 is selected
from the group consisting of H, halogen, alkyl,
alkenyl, alkynyl and -OR17, wherein the alkyl,
alkenyl, alkynyl and -OR17 are optionally substituted.
[0140] In a preferred embodiment of the compounds
according to the present invention, the compounds are
represented by the formula A-I : and N-oxides,
hydrates, solvates, pharmaceutically acceptable salts,
prodrugs and complexes thereof, whereinR1 is selected
from the group consisting of hydrogen, halo, C1-C6
alkyl, C2-C alkenyl or C2- C6 alkynyl, wherein C1-C
alkyl, C2-C6 alkenyl and C2-C6 alkynyl are optionally
substituted; X and X1 are independently selected from
the group consisting of H and C1-C6 alkyl, wherein
C1-C alkyl is optionally substituted, or X and X1
taken together with the atom to which they are
attached, form a C3-C7 cycloalkyl; R7 is H, halogen,
C1-C6 alkyl, -C(=O)NR9R10, -C(=O)(aryl),
-C(=O)(heterocyclyl), - C(=O)(heteroaryl), -Y-(aryl),
-Y-(heterocyclyl), -Y-(heteroaryl), -SR6a, -S-aryl,
-S- (heteroaryl), -S-C1-C6 alkyl, -SO-C1-C6 alkyl,
-SO2-C1-C6 alkyl, -Y-NR9R10, - SO2NR9R10, CO2R9,
-CC-(CR45R45)n-R46 and -C(=NR 42)NR37R43, wherein n is
an integer ranging from Oto 6 and wherein C1-C6 alkyl,
aryl, heterocycle and heteroaryl 



are each independently optionally substituted with 1
to 5 independently selected R 8; R9 and R10 are
independently selected from H, C1-C6 alkyl,
-Y-(cycloalkyl), -Y-(C1-C6 heteroalkyl), -Y-(aryl),
-Y-(heterocyclyl), -Y-(heteroaryl), -Y-O-Y^O-R 11, -Y
CO2- R1 1, Y-C(O)OR37 and -Y-O-R11, wherein said C1-C6
alkyl,heteroalkyl, cycloalkyl, aryl, heterocycle, and
heteroaryl are each optionally substituted with one or
more independently selected R , or R9 and R10 taken
together with the nitrogen to which they are attached
form a C5-C9 heterocyclyl ring or a heteroaryl ring,
wherein said ring is optionally substituted with 1 to
5 independently selected R44; each R20 is
independently selected from the group consisting of H,
halo, -OR17 and -C(O)OR17; Y is a bond or is
-(C(R11XH)V, wherein t is an integer from 1 to 6; Y1
is -( C(R11XH)V, and R1 1 at each occurrence is
independently H or C1-C6 alkyl, wherein C1-C6 alkyl is
optionally substituted. [0141] In a preferred
embodiment of the compounds according to the present
invention, R1 is hydrogen or halogen. [0142] In a
preferred embodiment of the compounds according to the
present invention, R1 is fluorine. [0143] In a
preferred embodiment of the compounds according to the
present invention, R7 is selected from the group
consisting of H, -C(=O)NR9R10, -Y-(aryl),
-Y-(heteroaryl) and -SC 1-C6 alkyl, wherein said
-Y-(aryl), -Y-(heteroaryl) and -S-C1-C alkyl are
optionally substituted with 1 to 5 independently
selected R . [0144] In a preferred embodiment of the
compounds according to the present invention, R is
-C(=O)NR9R10, optionally substituted with one or more
independently selected R44.[01 45] In a preferred
embodiment of the compounds according to the present
invention, R7 is -Y-(aryl), optionally substituted
with 1 to 5 independently selected R . [01 46] In a
preferred embodiment of the compounds according to the
present invention, R7 is -Y-(heteroaryl), optionally
substituted with 1 to 5 independently selected R . [01
47] In a preferred embodiment of the compounds
according to the present invention, R38 is selected
from the group consisting of halogen, -OR37, Ci-C
alkyl, -(CH2)n-(5 to 10 membered heterocyclyl),
-(CH2)jNR39(CH2)nR36, -(CH2)jNR39(CH2)iNR36R39, -(CH2V
heteroaryl, -C(O)NR36R39, -(CH2)nO(CH2)i(5to 10
membered heterocyclyl) and - (CH2)jO(CH2) NR36R39,
wherein n is an integer ranging from 0 to 6, j is an
integer ranging from 0 to 2 , j is an integer ranging
from 1 to 6 and wherein the alkyl, heteroaryl and
heterocyclyl moieties of the foregoing R38 groups are
optionally substituted by one or more substituents
independently selected from the group consisting of
halo, cyano, nitro, trifluoromethyl, azido, -OH,
-C(O)R40, -C(O)OR40, -OC(O)R40, -OC(O)OR40,
-NR36C(O)R39, - C(O)NR36R39, -(CH2)nNR36R39, C1-C6
alkyl, C3-C10 cycloalkyl, -(CHz)n(C6-C10 aryl), -
(CH2)n(5-10 membered heterocyclyl),
-(CH2)nO(CH2)iOR37, and -(CH2)nOR37, wherein n is an
integer ranging from Oto 6 and i is an integer ranging
from 2 to 6. [0148] In a preferred embodiment of the
compounds according to the present invention, R38 is
selected from the group consisting of -OR37,
Q-Qsalkyl, -(CH2)n(5 to 10 membered heterocyclyl) and
-(CH2)nO(CH2) (5 tolO membered heterocyclyl). [01 49]
In a preferred embodiment of the compounds according
to the present invention, R9 and R10 are independently
selected from the group consisting of H, C1-C6 alkyl,
-C1-C6 heteroalkyl, -Y-(aryl), -Y-(heterocyclyl),
-Y-(heteroaryl), -Y-O-R 1 1 and Y-C(O)OR37, wherein a
C1-C6 alkyl, C1-C6 heteroalkyl, aryl, heterocyclcyl
and heteroaryl are each optionally substituted with 1
or more independently selected R44. [01 50] In a
preferred embodiment of the compounds according to the
present invention, R44 is selected from the group
consisting OfC1-C6 alkyl, -OR37, -C(O)NR36R39 and
-C(O)OR46. [0151] In a preferred embodiment of the
compounds according to the present invention, R is
selected from the grouip consisting of H, C1-C6 alkyl,
-(CH2)n0 R and - 



(CH2)n(heterocyclyl) . [01 52] In a preferred
embodiment of the compounds according to the present
invention, R39 is H or C1-C6 alkyl. [01 53] In a
preferred embodiment of the compounds according to the
present invention, R37 is H or C1-C6 alkyl.[0154] In a
preferred embodiment of the compounds according to the
present invention, OCi 1 17 R is selected from the
group consisting of H, halogen, -OR and -C(O)OR . [01
55] In a preferred embodiment of the compounds
according to the present invention, R17 is H or C -C6
alkyl. [01 56] In a preferred embodiment of the
compounds according to the present invention, R20 is
halogen. [01 57] In a preferred embodiment of the
compounds according to the present invention, R20 is
Cl or F. [0158] In a preferred embodiment of the
compounds according to the present invention, R6a is
-(CZ5Z6)u-aryl. [0159] In a preferred embodiment of
the compounds according to the present invention, R7
is selected from the group consisting of H, halogen,
C1-C6 alkyl, -CONR9R10, -SO2NH2, - SO2NR9R10,
-Y-heterocyclyl, -Y-heteroaryl, -S-aryl, -S-C1-C6
alkyl, -SO-C1-C6 alkyl, or -SO2- Ci-C alkyl, wherein
C1-C6 alkyl is unsubstituted or is substituted with
one or two of hydroxy or halogen, and the
heterocyclyl, and heteroaryl are unsubstituted or are
substituted with one or two of alkoxy, alkyl, or
haloalkyl. [01 60] In a preferred embodiment of the
compounds according to the present invention, R7 is
selected from the group consisting of H, halogen,
C1-C6 alkyl, -SO2NR9R10, - C(=O)(heterocyclyl),
-Y-(heterocyclyl), -Y-(heteroaryl), -S-aryl, -S-C1-C6
alkyl, -SO-C1-C6 alkyl, or -SO2-C1-C alkyl, wherein
C1-C alkyl is unsubstituted or is substituted with one
or two of hydroxy or halogen, and the heterocyclyl,
and heteroaryl are unsubstituted or are substituted
with one or two of alkoxy, alkyl, or haloalkyl. [01
61] In a preferred embodiment of the compounds
according to the present invention, R9 and R10 are
independently selected from the group consisting of H,
C1-C6 alkyl, C1-C6 heteroalkyl, -Y-O-R11,
-Y-(heterocycle), -Y-CO2-R11, -Y-(aryl) and
-Y-(heteroaryl), wherein C1-C6 alkyl is unsubstituted
or is substituted with one or two of hydroxy or
halogen, and the heterocyclyl, aryl and heteroaryl are
unsubstituted or are substituted with one or two of
alkoxy, alkyl, or haloalkyl. [01 62] In a preferred
embodiment of the compounds according to the present
invention, R9 and R10 are taken together with the
nitrogen to which they are attached to form a
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
or thiomorpholinyl ring, wherein said ring is
unsubstituted or is substituted with one or two of
alkoxy, alkyl, or haloalkyl. [01 63] In a preferred
embodiment of the compounds according to the present
invention, NR9R10 is selected from:[0164] In a
preferred embodiment of the compounds according to the
present invention, R7 is unsubstituted heteroaryl. [01
65] In a preferred embodiment of the compounds
according to the present invention, R is thiazolyl,
pyridinyl, pyrknidinyl, and imidazolyl, each of which
is preferably unsubstituted or is substituted with one
or two of alkoxy, or alkyl.[0166] In a preferred
embodiment of the compounds according to the present
invention, R7 is C1-C6 alkyl, unsubstituted or
substituted with hydroxy. [0167] In a preferred
embodiment of the compounds according to the present
invention, X and X1 are both H. [0168] In a preferred
embodiment of the compounds according to the present
invention, R17 is selected from the group consisting
of H and C1-C6 alkyl. [0169] In a preferred embodiment
of the compounds according to the present invention,
R38 is selected from the group consisting of -OR37,
C1-C6 alkyl and -(CH2)n(5 to 10 membered heterocylic),
wherein n is an integer ranging from 0 to 6. [01 70]
In a preferred embodiment of the compounds according
to the present invention, 



R37 is selected from the group consisting of H and
C1-C6 alkyl. [0171] In a preferred embodiment of the
compounds according to the present invention, the
compounds are represented by the formula A-2: and
N-oxides, hydrates, solvates, pharmaceutically
acceptable salts, prodrugs and complexes thereof,
wherein R1 is selected from the group consisting of
hydrogen, halo, C1-C alkyl, C2-C alkenyl or C2- C6
alkynyl, wherein C1-C6 alkyl, C -C6 alkenyl and C -C6
alkynyl are optionally substituted; R4 is selected
from the group consisting of H and halogen; R7 is
selected from the group consisting of H, halogen,
C1-C6 alkyl, -C(=O)NR9R10, - C(=O)(aryl),
-C(=O)(heterocyclyl), -C(=O)(heteroaryl), -Y-(aryl),
-Y-(heterocyclyl), - Y-(heteroaryl), -S-aryl, -S-C1-C6
alkyl, -SO-C1-C6 alkyl, -SO2-C1-C6 alkyl, -Y-NR9R10,
-SO2NR9R10 and CO2R9, wherein C1-C6 alkyl, aryl,
heterocycle and heteroaryl are each independently
optionally substituted with 1 to 5 independently
selected R ; R9 and R10 are independently selected
from the group consisting of H, C1-C6 alkyl, -Y-
(cycloalkyl), -Y-(aryl), -Y-(heterocyclyl),
-Y-(heteroaryl), -Y-O-Y1-O-R11. -Y CO2- R11 and
-Y-O-R1 1, wherein C1-C6 alkyl, cycloalkyl, aryl,
heterocycle, and heteroaryl are each optionally
substituted with one or more independently selected
R44, or R9 and R10 taken together with the nitrogen to
which they are attached form a C5-Cg heterocyclyl ring
or a heteroaryl ring, wherein said ring is optionally
substituted;_ Y is a bond or is -(C(Ru )(H))t-,
wherein t is an integer from 1 to 6; Y1 is -( C(R1
1XH)V, and R1 1 at each occurrence is independently H
or C1-C6 alkyl, wherein C1-C6 alkyl is optionally
substituted. [0172] In a preferred embodiment of the
compounds according to the present invention, Rl is
hydrogen or halogen. [01 73] In a preferred embodiment
of the compounds according to the present invention,
Rl is fluorine. [0174] In a preferred embodiment of
the compounds according to the present invention, R4
is selected from the group consisting of H and
halogen. [01 75] In a preferred embodiment of the
compounds according to the present invention, R4 is
fluorine. [0176] In a preferred embodiment of the
compounds according to the present invention, R7 is
selected from the group consisting of H, halogen,
C1-C6 alkyl, -C(=O)NR9R10, - SO2NH2, -SO2NR9R10,
-Y-heterocyclyl -Y-heteroaryl, -S-aryl, -S-C1-C6
alkyl, -SO-C1-C6 alkyl and -SO2-C1-C6 alkyl, wherein
C1-C6 alkyl, heterocyclyl, heteroaryl and aryl are
each optionally substituted with 1to 5 independently
selected R38. [01 77] In a preferred embodiment of the
compounds according to the present invention, R7 is
selected from the group consisting of H, halogen,
C1-C6 alkyl, -C(=O)NR9R10, - SO2NH2, -SO2NR9R10,
-Y-heterocyclyl -Y-heteroaryl, -S-aryl, -S-C1-C6
alkyl, -SO-Cl -C6 alkyl and -SO2-C1-C6 alkyl, wherein
C1-C6 alkyl is unsubstituted or is substituted with
one or two of hydroxy or halogen, and the
heterocyclyl, and heteroaryl are unsubstituted or are
substituted with one or two of alkoxy, alkyl,
haloalkyl or (CH2)jNR39(CH2)nO(CH2)iOR37. [0178] In a
preferred embodiment of the compounds according to the
present invention, R7 is selected from the group
consisting of H, halogen, C1-C6 alkyl, -SO2NR9R10, -
C(=O)(heterocyclyl), -Y-(heterocyclyl),
-Y-(heteroaryl), -S-aryl, -S-C1-C6 alkyl, -SO-C1-C6
alkyl, or -SO2-C1-C6 alkyl, wherein C1-C6 alkyl is
unsubstituted or is substituted with one or two of
hydroxy or halogen, and the heterocyclyl, and
heteroaryl are unsubstituted or are substituted with
one or two of alkoxy, alkyl, haloalkyl or
(CH2)jNR39(CH2)nO(CH2)iOR37. [0179] In a preferred
embodiment of the compounds according to the present
invention, R7 is selected from the group consisting of
C1-C6 alkyl, -C(=O)NR9R10, -Y-(heterocyclyl, -
Y-(heteroaryl), -S-C1-C6 alkyl and -SO-C1-C6 alkyl,
wherein C1-C6 alkyl is unsubstituted or 



is substituted with one or two of hydroxy or halogen,
and the heterocyclyl, and heteroaryl areunsubstituted
or are substituted with one or two of alkoxy, alkyl,
haloalkyl or (CH2)jNR39(CH2)nO(CH2)iOR37. [0180] In a
preferred embodiment of the compounds according to the
present invention, R7 is CONR9R10. [0181] In a
preferred embodiment of the compounds according to the
present invention, R9 and RlO are independently
selected from the group consisting of H, C1-C6 alkyl,
-Y-ORl 1, -Y-(heterocycle), -Y1-CO2-R1 1 and
-Y-(aryl), wherein the alkyl, heterocyclyl and aryl
moieties of the foregoing R9 and RlO groups are
optionally substituted with 1 or more substituents
independently selected from R44. [01 82] In a
preferred embodiment of the compounds according to the
present invention, R9 and RlO are independently
selected from the group consisting of H, C1-C6 alkyl,
-Y-ORl 1, -Y-(heterocycle), -Y1-CO2-R1 1 and
-Y-(aryl), wherein C1-C6 alkyl is unsubstituted or is
substituted with one or two of hydroxy or halogen, and
the heterocyclyl, and aryl are unsubstituted or are
substituted with one or two of alkoxy, alkyl,
haloalkyl or (CH2)jNR39(CH2)nO(CH2)iOR37. [01 83] In a
preferred embodiment of the compounds according to the
present invention, R9 and Rl 0 taken together with the
nitrogen to which they are attached form a C5-C9
heterocyclyl ring or a heteroaryl ring, wherein said
ring is optionally substituted. [01 84] In a preferred
embodiment of the compounds according to the present
invention, R9 and RlO are taken together with the
nitrogen to which they are attached to form a
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
or thiomorpholinyl ring, wherein said ring is
unsubstituted or is substituted with one or two of
alkoxy, alkyl, or haloalkyl. [01 85] In a preferred
embodiment of the compounds according to the present
invention, NR9R10 is selected from the group
consisting of: [01 86] In a preferred embodiment of
the compounds according to the present invention, the
compounds are represented by the formula A-3:and
N-oxides, hydrates, solvates, pharmaceutically
acceptable salts, prodrugs and complexes thereof
wherein R7 is selected from the group consisting of H,
-Y-(aryl) and -Y-(heteroaryl), wherein -Y-(aryl) and
-Y-(heteroaryl) are optionally substituted with 1 to 5
independently selected R ; R1 is selected from the
group consisting of hydrogen, halo, C1-C alkyl, C2-C6
alkenyl and C2- Ce alkynyl, wherein C1-C6 alkyl, C -C6
alkenyl and C2-C alkynyl are optionally substituted;
R12 is selected from the group consisting of H, Ci-C6
alkyl, -0(C 1-C6 alkyl) and -Y-(aryl), wherein C1-C6
alkyl and aryl are optionally substituted; Y is a bond
or is -(C(R11XH)V, wherein t is an integer from 1 to
6; R11 is H or C1-C6 alkyl, wherein C1-C6 alkyl is
optionally substituted; and each R2ois independently
selected from the group consisting of H and halogen.
[01 87] In a preferred embodiment of the compounds
according to the present invention, R is hydrogen or
halogen. [01 88] In a preferred embodiment of the
compounds according to the present invention, R1 is
fluorine. [01 89] In a preferred embodiment of the
compounds according to the present invention, R12 is
unsubstituted C1-C alkyl or unsubstituted -Y-phenyl.
[01 90] In a preferred embodiment of the compounds
according to the present invention, R20 is Cl. [0191]
In a preferred embodiment of the compounds according
to the present invention, the compounds are
represented by the formula A-4:and N-oxides, hydrates,
solvates, pharmaceutically acceptable salts, prodrugs
and complexes thereof, wherein Z is O or S; X and X
are independently selected from the group consisting
of H, C1-C6 alkyl, halo, cyano and nitro, wherein
C1-C6 alkyl is optionally substituted; 



R1, R2, R3, R4, R5 and R6 are independently selected
from the group consisting of hydrogen, halo, C1-C6
alkyl, C2-C6 alkenyl, C2-C6 alkynyl and NR17R18,
wherein C1-C6 alkyl, C2- C6 alkenyl and C2-C6 alkynyl
are optionally substituted; R17 and R18 are
independently C1-QaIkVl; Q is O, S, NH, N(C 1-C6
alkyl), or N-Y-(aryl); D is CR11, or N; L is N, or CR,
wherein R is selected from the group consisting of H,
halo, -CN, C1-C6 alkyl, C2-C6 alkenyl and C2-C6
alkynyl, wherein C1-C6 alkyl, C2-C6 alkenyl, and C2-C6
alkynyl are optionally substituted; and R13 is
heterocyclyl or heteroaryl, wherein heterocyclyl and
heteroaryl are optionally substituted with 1 to 5
independently selected R ; Y is a bond or is -(C(Rp
)(H))t-, wherein t is an integer from 1 to 6; and R at
each occurrence is independently H or C1-C6 alkyl,
wherein C1-C6 alkyl is optionally substituted. [0192]
In a preferred embodiment of the compounds according
to the present invention, X and X1 are both hydrogen.
[0193] In a preferred embodiment of the compounds
according to the present invention, R , R2, R3 and R
are independently H or halogen. [0194] In a preferred
embodiment of the compounds according to the present
invention, R1 is hydrogen or halogen. [01 95] In a
preferred embodiment of the compounds according to the
present invention, R1 is fluorine or chlorine. [0196]
In a preferred embodiment of the compounds according
to the present invention, R4 is hydrogen or
halogen.[01 97] In a preferred embodiment of the
compounds according to the present invention, R4 is
fluorine or chlorine. [01 98] In a preferred
embodiment of the compounds according to the present
invention, R2, R3, R5, and R6 are each hydrogen.
[0199] In a preferred embodiment of the compounds
according to the present invention, Q is selected from
the group consisting of S, N(C1-C6 alkyl) and
N-Y-(aryl). [0200] In a preferred embodiment of the
compounds according to the present invention, Q is S.
[0201] In a preferred embodiment of the compounds
according to the present invention, D is CR1 1. [0202]
In a preferred embodiment of the compounds according
to the present invention, RIl is H. [0203] In a
preferred embodiment of the compounds according to the
present invention, L is CH or N. [0204] In a preferred
embodiment of the compounds according to the present
invention, L is CH. [0205] In a preferred embodiment
of the compounds according to the present invention, Z
is sulfur. [0206] In a preferred embodiment of the
compounds according to the present invention, R38 is
selected from C(O)OR40 and NR36R39. [0207] In a
preferred embodiment of the compounds according to the
present invention, R40 is H or C1-C10 alkyl. [0208] In
a preferred embodiment of the compounds according to
the present invention, R36 and R39 are independently
C1-C6 alkyl. [0209] In a preferred embodiment of the
compounds according to the present invention, the
compounds are represented by the formula A-5: and
N-oxides, hydrates, solvates, pharmaceutically
acceptable salts, prodrugs and complexes thereof,
whereinR7 is selected from the group consisting of H,
-C(O)NR42R43, -Y-(aryl), -Y-(heteroaryl), - 



C(O)-(C3-C10 cycloalkyl), -C(O)-(heterocyclyl),
-C(O)-(C 6-C10 aryl) and -C(O)- (heteroaryl), wherein
the aforementioned R7 groups other than H are
optionally substituted with 1 to 5 independently
selected R38; R4 is selected from the group consisting
of H and halogen; and T is selected from the group
consisting of cycloalkyl, heterocyclyl, aryl,
heteroaryl and n arylalkyl, each of which is
optionally substituted with 1 to 3 independently
selected R ; [0210] In a preferred embodiment of the
compounds according to the present invention, R7 is
selected from the group consisting of H, C(O)NR42R43
and -Y-(heteroaryl), wherein -Y- (heteroaryl) is
optionally substituted with 1 to 5 independently
selected R ; [021 1] In a preferred embodiment of the
compounds according to the present invention, R is
C(O)NR42R43; [0212] In a preferred embodiment of the
compounds according to the present invention, R42 and
R43 taken together with the nitrogen to which they are
attached form a C5-C heterocyclyl ring, wherein said
ring is optionally substituted with 1 to 5
independently selected R44 substituents, with the
proviso that R42 and R43 are not both bonded to the
nitrogen directly through and oxygen. [021 3] In a
preferred embodiment of the compounds according to the
present invention, R4 is halogen. [0214] In a
preferred embodiment of the compounds according to the
present invention, R is fluorine. [0215] In a
preferred embodiment of the compounds according to the
present invention, the compounds are represented by
the formula A-6: and N-oxides, hydrates, solvates,
pharmaceutically acceptable salts, prodrugs and
complexes thereof, wherein R1 is selected from the
group consisting of hydrogen, halo, Cj-C 6 alkyl, C
-C6 alkenyl or C2- C6 alkynyl, wherein C1-C6 alkyl,
C2-C6 alkenyl and C2-C6 alkynyl are optionally
substituted;R7 is selected from the group consisting
of H, halogen, C1-C6 alkyl, -C(=O)NR9R10, -
C(=O)(aryl), -C(=O)(heterocyclyl), -C(=O)(heteroaryl),
-Y-(aryl), -Y-(heterocyclyl), -Y- (heteroaryl), -SR6a,
-S-aryl, -S-(heteroaryl), -S-C 1-C6 alkyl, -SO-C1-C6
alkyl, -SO2-C1-C6 alkyl, -Y-NR9R10, -SO2NR9R10, CO2R9,
-CC-(CR45R45)n-R46 and -C(=NR42)NR37R43, wherein n is
an integer ranging from Oto 6 and wherein C1-C6 alkyl,
aryl, heterocycle and heteroaryl are each
independently optionally substituted with 1 to 5
independently selected R38; R9 and R10 are
independently selected from the group consisting of H,
C1-C6 alkyl, -Y- (cycloalkyl), -Y-(C1-C6heteroalkyl),
-Y-(aryl), -Y-(heterocyclyl), -Y-(heteroaryl), -Y-OY
O-R1 1, -Y CO2-R11, Y-C(O)OR 37 and -Y-O-R 1 1,
wherein said C1-C6 alkyl,heteroalkyl, cycloalkyl,
aryl, heterocycle, and heteroaryl are each optionally
substituted with one or more independently selected
R44, or R9 and R10 taken together with the nitrogen to
which they are attached form a C5-C9 heterocyclyl ring
or a heteroaryl ring, wherein said ring is optionally
substituted with 1 to 5 independently selected R 4;
each R20 is independently selected from the group
consisting of H, halo, -OR17 and - C(O)OR17; Y is a
bond or is -(C(R1l)(H))t-, wherein t is an integer
from 1 to 6; Y1 is -( C(R1 1XH)V; and R11 at each
occurrence is independently H or C1-C6 alkyl, wherein
C1-C6 alkyl is optionally substituted. [021 6] In a
preferred embodiment of the compounds according to the
present invention, R is selected from the group
consisting of H, C(O)NR9R10 and -Y-(heteroaryl),
wherein -Y- (heteroaryl) is optionally substituted
with 1 to 5 independently selected R3 ; [021 7] In a
preferred embodiment of the compounds according to the
present invention, R7 



is C(O)NR9R10; [021 8] In a preferred embodiment of
the compounds according to the present invention, R9
and R10 taken together with the nitrogen to which they
are attached form a C5-C9 heterocyclyl ring, wherein
said ring is optionally substituted with 1 to 5
independently selected R44 substituents. [0219] hi a
preferred embodiment of the compounds according to the
present invention, R is -Y-(heteroaryl), wherein said
-Y-(heteroaryl) is optionally substituted with 1 to 5
independently selected R38.[0220] In a preferred
embodiment of the compounds according to the present
invention, R7 is -Y-(heteroaryl), wherein said
-Y-(heteroaryl) is optionally substituted with one
C1-C6 alkyl. [0221] In a preferred embodiment of the
compounds according to the present invention, R1 is
halogen. [0222] In a preferred embodiment of the
compounds according to the present invention, R1 is
fluorine. [0223] In a preferred embodiment of the
compounds according to the present invention, R17 is
selected from the group consisting of H and C1-C6
alkyl. [0224] In a preferred embodiment of the
compounds according to the present invention, R38 is
selected from the group consisting of -OR37, C1-C6
alkyl and -(CH2)n(5 to 10 membered heterocylic),
wherein n is an integer ranging from 0 to 6. [0225] In
a preferred embodiment of the compounds according to
the present invention, R37 is selected from the group
consisting of H and C1-C6 alkyl. [0226] In a preferred
embodiment of the compounds according to the present
invention, each R20 is independently selected from the
group consisting of H, halogen and -0-(C 1- C6)alkyl.
[0227] hi a preferred embodiment of the compounds
according to the present invention, two R20 are H and
the third R20 is selected from the group consisting of
H, halogen and -O- (C1-C6 alkyl). [0228] In a second
aspect, the invention comprises compounds of formula
(B), which are inhibitors of VEGF receptor signaling
and HGF receptor signaling: . and N-oxides, hydrates,
solvates, pharmaceutically acceptable salts, prodrugs
and complexes thereof, wherein T is selected from the
group consisting of cycloalkyl, heterocyclyl, aryl and
heteroaryl, wherein each of said cycloalkyl,
heterocyclyl, aryl and heteroaryl is optionally
substituted with 1 to 3 R20; each R20 is independently
selected from the group consisting of -H, halogen,
trihalomethyl, - CN, -NO2, -NH2, -OR17, -OCF3,
-NR17R18, -S(O)0-2R17, -S(O)2NR17R17, -C(O)OR17, -
C(O)NR17R17, -N(R17)SO2R17, -N(R17)C(O)R17,
-N(R17)C(O)OR17, -C(O)R17 , -C(O)SR17, C1-C4 alkoxy,
C1-C4 alkylthio, -O(CH2)naryl, -0(CH 2)nheteroaryl3
-(CH2)O- 5(aryl), -(CH2)0-s(heteroaryl), C1-C6 alkyl,
C2-C6 alkenyl, C2-C6 alkynyl, -CH2(CH2)0-4- T2, an
optionally substituted C1-4 alkylcarbonyl, C1-4
alkoxy, an amino optionally substituted by C1-4 alkyl
optionally substituted by C1-4 alkoxy and a saturated
or unsaturated three- to seven-membered carboxyclic or
heterocyclic group, wherein T is selected from the
group consisting of -OH, -OMe, -OEt, -NH2, -NHMe,
-NMe2, -NHEt and -NEt2, and wherein the aryl,
heteroaryl, C1-C6 alkyl, C2-C6 alkenyl, and C2-C6
alkynyl are optionally substituted; W is selected from
the group consisting of O, S and NH; Z is selected
from the group consisting of O, or S and NH; X and X1
are independently selected from the group consisting
of H, C1-C6 alkyl, halo, cyano, or nitro, wherein
Ci-Ce alkyl is optionally substituted, or X and X
taken together with the atom to which they are
attached, form a C3-C7 cycloalkyl; R1, R2, R3 and R4
are independently selected from the group consisting
of hydrogen, halo, trihalomethyl, -CN, -NO2, -NH2,
-OR17, -NR17R18, -C(O)OR 17, -C(O)R17 C1-C4 



alkoxy, C1-C4 alkylthio, C1-C6 alkyl, C2-C6 alkenyl or
C2-C6 alkynyl, wherein C1-C6 alkyl, C2-C6 alkenyl and
C2-C6 alkynyl are optionally substituted; R17 is
selected from the group consisting of H and R18 ; R18
is selected from the group consisting of a C1-C6
alkyl, an aryl, an aryl(C -C6 alkyl), a heterocyclyl
and a alkyl), each of which is optionally substituted,
or R17 and R18, taken together with a common nitrogen
to which they are attached, form an optionally
substituted five- to seven-membered heterocyclyl, the
optionally substituted five- to seven-membered
heterocyclyl optionally containing at least one
additional annular heteroatom selected from the group
consisting of N, O, S and P; R16 is selected from the
group consisting of -H, -CN, -(CH2)o-5(aryl),
-(CH2)0-5(heteroaryl), C1- C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, -CH2(CH2)0-4-T2, an optionally
substituted C1-4 alkylcarbonyl, and a saturated or
unsaturated three- to seven-membered carboxyclic or
heterocyclic group, wherein T is selected from the
group consisting of -OH, -OMe, - OEt, -NH2, -NHMe,
-NMe2, -NHEt and -NEt2, and wherein the aryl,
heteroaryl, C1-C6 alkyl, C2-C6 alkenyl, and C2-C6
alkynyl are optionally substituted; D is selected from
the group consisting of CH2, O, S, NH, N-(C 1-C6
alkyl), or N-Y-(aryl), -NOMe, -NCH2OMe and -N-Bn; Q is
selected from the group consisting of C-E and N;L is
N, or CR, wherein R is selected from the group
consisting of -H, halo, -CN, C1-C alkyl, C -C alkenyl,
and C2-C alkynyl, wherein C1-C6 alkyl, C2-C6 alkenyl,
and C2-C6 alkynyl are optionally substituted; and E is
selected from the group consisting of E1, E and E3,
wherein E1 is selected from the group consisting of
-H, halogen, nitro, azido, C1-C alkyl, C -C1O
cycloalkyl, -C(O)NR42R43, -Y-NR42R43, -NR42C(=O)R43,
-SO2R42, -SO2NR42R43, - NR37SO2R42, -NR37SO2NR42R43,
-C(=N-OR42)R43, -C(=NR42)R43, -NR37C(=NR42)R43, -
C(=NR42)NR37R43, -NR37C(=NR42)NR37R43, -C(O)R42,
-CO2R42, -C(O)(heterocyclyl), - C(O)(C6-C10 aryl),
-C(O)(heteroaryl), -Y-(C6-Ci0 aryl), -Y-(heteroaryl),
-Y-(5-10 membered heterocyclic), -NR6aR6b,
-NR6aSO2R6b, -NR6aC(O)R6b, -OC(O)R6b, - NR6aC(O)OR6b,
-OC(0)NR 6aR6b,-OR6a, -SR6a, -S(O)R6a, -SO2R6a
-SO3R6a, - SO2NR6aR6b , -SO2NR42R43, -COR6a, -CO2R6a,
-CONR6aR6b, -(CrC^fluoroalkyl, -(C1- C4)fluoroalkoxy,
-(CZ3Z4)aCN, wherein n is an integer ranging from Oto
6, and the aforementioned E1 groups other than -H and
halogen are optionally substituted by 1 to 5
independently selected R , or E is selected from a
moiety selected from the group consisting of
-(CZ3Z4)a-aryl, -(CZ3Z4)a-heterocycle, (C2-C6)alkynyl,
-(CZ3Z4)a-(C3- C6)cycloalkyl,
-(CZ3Z4)a-(C5-C6)cycloalkenyl, (C2-C6) alkenyl and (Cr
C6)alkyl, which is optionally substituted with 1 to 3
independently selected Y2 groups, where a is 0,1, 2,
or 3, and wherein when a is 2 or 3, the CZ3Z4 units
may be the same or different; wherein each R38 is
independently selected from halo, cyano, nitro,
trifluoromethoxy, trifluoromethyl, azido, -C(O)R40,
-C(O)OR40, -OC(O)R40, -OC(O)OR40, -NR36C(O)R39,
-C(O)NR36R39, - NR36R39, -OR37, -SO2NR36R39, C1-C6
alkyl, -(CH2)jO(CH2)jNR36R39, - (CH2)nO(CH2)iOR37,
-(CH2)nOR37, -S(O)j(Cr C6 alkyl), -(CH2)n(C6-C10
aryl), - (CH2)n(C5-C10 heteroaryl), -(CH2)n(5-10
membered heterocyclyl); -C(O)(CH2)n(C6-C10 aryl),
-(CH2)nO(CH2)j(C6-C10 aryl), -(CH2)nO(CH2)i(5-10
membered heterocyclyl), - C(O)(CH2)n(5-10 membered
heterocyclyl), -(CH2)jNR39(CH2)iNR36R39, -
(CH2)JNR39CH2C(O)NR36R39,
-(CH2)jNR39(CH2)iNR37C(O)R40, -
(CH2)jNR39(CH2)nO(CH2)iOR37, -(CH2)JNR39
H2)IS(O)J(C1-C6 alkyl), - (CH2)jNR39(CH2)nR36,
-SO2(CH2)n(C6-C10 aryl), -SO2(CH2)n(5-10 membered
heterocyclyl), -(CH2)nNR36R39, -NR37SO2NR36R39,
SO2R36, C2-C6 alkenyl, C3-C10 cycloalkyl and C1-C
alkylamino, wherein j is an integer ranging from Oto
2, n is an integer ranging from Oto 6, i is an integer
ranging from Oto 6, the -(CH2)i- and -(CH2)n- moieties
of the foregoing R groups optionally include a
carbon-carbon double or triplebond where n is an
integer between 2 and 6, and the alkyl, aryl,
heteroaryl and 



heterocyclyl moieties of the foregoing R groups are
optionally substituted by one or more substituents
independently selected from halo, cyano, nitro,
trifluoromethyl, azido, -OH, -C(O)R40, -C(O)OR40,
-OC(O)R40, -OC(O)OR40, -NR36C(O)R39, -C(O)NR36R39, -
(CH2)nNR36R39, C1-C6 alkyl, C3-C10 cycloalkyl,
-(CH2)n(C6-C10 aryl), -(CH2)n(5-10 membered
heterocyclyl), -(CH2)n0(CH 2)i0R 37, and -(CH2)nOR37,
wherein n is an integer ranging from Oto 6 and i is an
integer ranging from 2 to 6; each R42 and R43 is
independently selected from the group consisting of H,
C -C alkyl, C1-C6 heteroalkyl, -Y-(C3-C10 cycloalkyl),
-Y-(C6-C10 aryl), -Y-(C6-C10 heteroaryl), -Y-(5-10
membered heterocyclic), -Y-O-Y^OR 37, -Y CO2-R37, and
-Y-OR37, wherein the alkyl, heteroalkyl, cycloalkyl,
aryl, heteroaryl and heterocyclic moieties of the
foregoing R 2 and R43 groups are optionally
substituted by 1 or more substituents independently
selected from R44, wherein Y is a bond or is
-(C(R37)(H))n, n is an integer ranging from 1 to 6,
and Y s - R XH or R42 and R43 taken together with the
nitrogen to which they are attached form a C5-C9
heterocyclyl ring or a heteroaryl ring, wherein said
ring is optionally substituted by 1 to 5 R44
substituents, with the proviso that R42 and R43 are
not both bonded to the nitrogen directly through an
oxygen; each R4 is independently selected from the
group consisting of halo, cyano, nitro,
trifluoromethoxy, trifluoromethyl, azido, -C(O)R40,
-C(O)OR40, -OC(O)R40, - OC(O)OR40, -NR36C(O)R39,
-C(O)NR36R39, -NR36R39, -OR37, -SO2NR36R39, -SO2R36, -
NR36SO2R39, -NR36SO2NR37R4 1, Cl-C 6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C10 cycloalkyl, -C C6
alkylamino, -(CH2)jO(CH2)iNR36R39, -(CH2)nO(CH2)iOR37,
- (CH2)nOR37, -S(O)j (Cr C6 alkyl), -(CH2)n(C6-C10
aryl), -(CH2)n(5-10 membered heterocyclic),
-C(O)(CH2)n(C6-C10 aryl), -(CH2)nO(CH2)j(C6-C10 aryl),
- (CH2)nO(CH2)i(5 to 10 membered heterocyclic),
-C(O)(CH2)t (5 to 10 membered heterocyclic),
-(CH2)jNR39(CH2)iNR36R39, -(CH2)JNR39CH2C(O)NR36R39, -
(CH2)jNR39(CH2)iNR37C(O)R40,
-(CH2)jNR39(CH2)nO(CH2)iOR37, - (CH2)JNR39 H2)
S(O)J(C1-C6 alkyl), -(CH2)jNR39(CH2)nR36,
-SO2(CH2)n(C6-C10 aryl), and -SO2(CH2)n(5 to 10
membered heterocyclic) wherein, j is an integer from
Oto 2, n is an integer from Oto 6 and i is an integer
ranging from 2 to 6, the -(CH2)j- and -(CH2)nl -
moieties of the foregoing R44 groups optionally
include a carbon-carbon double or triplebond wherein n
is an integer from 2 to 6, and the alkyl, aryl and
heterocyclic moieties of the foregoing R44 groups are
optionally substituted by 1 or more substituents
independently selected from the group consisting of
halo, cyano, nitro, trifluoromethyl, azido, -OH,
-C(O)R40, -C(O)OR40, -OC(O)R40,
-OC(O)OR40,-NR36C(O)R39, - C(O)NR36R39,
-(CHz)nNR36R39, -SO2R36, -SO2NR36R39, C1-C6 alkyl,
C3-C10 cycloalkyl, - (CH2U C6-C10 aryl), -(CH2)n(5 to
10 membered heterocyclic), -(CH2)nO(CH2)jOR37 and
-(CH2)nOR37, wherein n is an integer from Oto 6 and i
is an integer from 2 to 6; and each R40 is
independently selected from H, C1-C10 alkyl, -(CH2)
1(C6-C1O aryl), C3-C10 cycloalkyl, and -(CH2)n(5-10
membered heterocyclic), wherein n is an integer
ranging from Oto 6; each R36 and R39 is independently
selected from the group consisting of H, -OH, C1-C
alkyl, C3-C1O cycloalkyl, -(CH2)n(C6-C10 aryl),
-(CH2)n(5-10 membered heterocyclic), -
(CH2)nO(CH2)iOR37, -(CH2)nCN(CH2)nOR37,
-(CH2)nCN(CH2)nR37, and -(CH2)nOR37, wherein n is an
integer ranging from Oto 6 and i is an integer ranging
from 2 to 6, and the alkyl, aryl and heterocyclic
moieties of the foregoing R3 and R39 groups are
optionally substituted by one or more substituents
independently selected from -OH, halo, cyano, nitro,
trifluoromethyl, azido, -C(O)R40, -C(O)OR40,
-CO(O)R40, - OC(O)OR40, -NR37C(O)R4 1, -C(O)NR37R4 1,
-NR37R4 1, -C1-C6 alkyl, -(CH2U C6-C10 aryl),
-(CH2)n(5 to 10 membered heterocyclic),
-(CH2)nO(CH2)jOR37, and -(CH2)nOR37, 



wherein n is an integer ranging from Oto 6 and i is an
integer ranging from 2 to 6, with the proviso that
when R36 and R39 are both attached to the same
nitrogen, then R36 and R39 are not both bonded to the
nitrogen directly through an oxygen; each R37 and R4 1
is independently selected from the group consisting of
H, OR36, C1-C6 alkyl and C3-C1O cycloalkyl; each R6a
and R6b is independently selected from the group
consisting of hydrogen, -(CZ5Z6)U- (C3-C6)cycloalkyl,
-(CZ5Z6)u-(C5-C6)cycloalkenyl, -(CZ5Z6)u-aryl,
-(CZ5Z6)U- heterocycle, (C2-C6)alkenyl, and
(Q-C^alkyl, which is optionally substituted with 1 to
3 independently selected Y3 groups, where u is 0,1, 2,
or 3, and wherein when u is 2 or 3, the CZ5Z units may
be the same or different, or R6a and R6b taken
together with adjacent atoms can form a heterocycle;
each Z3, Z4, Z5 and Z6 is independently selected from
the group consisting of H, F and (C1- C6)alkyl, or
each Z3 and Z4, or Z5 and Z6 are selected together to
form a carbocycle, or two Z3 groups on adjacent carbon
atoms are selected together to optionally form a
carbocycle;each Y2 and Y3 is independently selected
from the group consisting of halogen, cyano, nitro,
tetrazolyl, guanidino, amidino, methylguanidino,
azido, -C(O)Z7, -OC(O)NH , -OC(O) NHZ 7, -OC(O)NZ 7Z8,
-NHC(O)Z 7, -NHC(O)NH 2, -NHC(O)NHZ 7, -NHC(O)NZ 7Z8 -
C(O)OH, -C(O)OZ 7, -C(O)NH 2, -C(O)NHZ 7,-C(O)NZ 7Z8,
-P(O)3H2, -P(O)3(Z7)2, - S(O)3H, -S(O)Z 7, -S(O)2Z7,
-S(O)3Z7, -Z7, -OZ7, -OH, -NH2, -NHZ 7, -NZ7Z8, -
C(=NH)NH 2,-C(=NOH)NH 2, -N-morpholino,
(C2-C6)alkenyl, (C2-C6)alkynyl, (C1- C6)haloalkyl,
(C2-C6)haloalkenyl, (C2-C6)haloalkynyl,
(C1-C5)ImIOaIkOXy, - (CZ9Z10)rNH2, -(CZ9Z10)rNHZ 3,
-(CZ9Z10)rNZ7Z8, -X CZ9Z1)r-(C 3-C8)cycloalkyl s -
X6(CZ9Z10)r-(C5-C8)cycloalkenyl, -X6(CZ9Z10)r-aryl and
-X6(CZ9Z10)r-heterocycle, wherein r is 1, 2, 3 or 4;
X6 is selected from the group consisting of O, S, NH,
-C(O)-, -C(O)NH-, -C(O)O-, -S(O)-, - S(O)2- and
-S(O)3-; Z7 and Z8 are independently selected from the
group consisting of an alkyl of 1 to 12 carbon atoms,
an alkenyl of 2 to 12 carbon atoms, an alkynyl of 2 to
12 carbon atoms, a cycloalkyl of 3 to 8 carbon atoms,
a cycloalkenyl of 5 to 8 carbon atoms, an aryl of 6 to
14 carbon atoms, aheterocycle of 5 to 14 ring atoms,
an aralkyl of 7 to 15 carbon atoms, and a
heteroaralkyl of 5 to 14 ring atoms, or Z7 and Z
together may optionally form a heterocycle; Z9 and Z10
are independently selected from the group consisting
of H, F, a (Q-C^alkyl, a (C6-Cj4)aryl, a
(C5-C14)heteroaryl, a (C7-C15)aralkyl and a
(Cs-C^heteroaralkyl, or Z9 and Z10 are taken together
form a carbocycle, or two Z9 groups on adjacent carbon
atoms are taken together to form a carbocycle; or any
two Y2 or Y3 groups attached to adjacent carbon atoms
may be taken together to be - O[C(Z9)(Z 10)]rO or
-0[C(Z 9XZ1 1, or any two Y2 or Y3 groups attached to
the same or adjacent carbon atoms may be selected
together to form a carbocycle or heterocycle; and
wherein any of the above-mentioned substituents
comprising a CH3 (methyl), CH2 (methylene), or CH
(methine) group which is not attached to a halogen, SO
or SO2 group or to a N, O or S atom optionally bears
on said group a substituent selected from hydroxy,
halogen, (Ci- C4)alkyl, (d-C 4)alkoxy and an
-N[(C1-C4)alkyl][(C 1-C4)alkyl]; E2 is -CCH or
-CC-(CR45R45)n-R46; R45 is independently selected from
the group consisting of H, a (Q-C^alkyl and a (C3-
C8)cycloalkyl;R46 is selected from the group
consisting of heterocyclyl, -N(R47)-C(O)-N(R 47)(R48),
-N(R47)- C(S)-N(R47XR48), -N(R47)-C(O)-OR48,
-N(R47)-C(O)-(CH 2)n-R48, -N(R47)-SO2R47, -
(CH2)nNR47R48, -(CEb)nOR48, -(CH2)nSR49,
-(CH2)nS(O)R49, -(CH2)nS(O)2R49, - 



OC(O)R49 -OC(O)OR49, -C(O)NR47R48, heteroaryl
optionally substituted with one or more substituents
selected from the group consisting of halo, -CF3,
(Q-C^alkoxy, -NO2, (Ci-C6)alkyl, -CN, -SO2R50 and
-(CH2)nNR50R5 1, and aryl optionally substituted with
one or more substituents selected from the group
consisting of halo, -CF3, (C1- C6)alkoxy, -NO2,
(C1-C6)alkyl, -CN, -SO2R50 and -(CH2)nNR50R51; R47 and
R48 are independently selected from the group
consisting of H, (Q-C^alkyl, (C - C8)cycloalkyl,
heterocyclyl, -(CH2)nNR50R5 1, -(CH2)nOR50,
-(CH2)nC(O)R49, -C(O)2R49, -(CH2)nSR49,
-(CH2)nS(O)R49, -(CH2)nS(O)2R49, -(CH2)nR49,
-(CH2)nCN, aryl optionally substituted with one or
more substituents selected from the group consisting
of halo, - CF3, (C1-C6)alkoxy, -NO2, (d-C 6)alkyl, -CN
-(CHb)nOR49, -(CH2)nheterocyclyl, - (CH2)nheteroaryl,
-SO2R50 and -(CH2)nNR50R5 1, and heteroaryl optionally
substituted with one or more substituents selected
from the group consisting of halo, -CF3, (C1-
C6)alkoxy, -NO2, (C -C6)alkyl, -CN, -(CHb)nOR49,
-(CH2)nheterocyclyl, - (CH2)nheteroaryl, -SO2R50 and
-(CEb)nNR50R5 1, or R47 and R48, together with the
atom to which they are attached, form a 3-8 membered
ring; R is selected from the group consisting of (C
-C6)alkyl, (C3-C8)cycloalkyl, heterocycly^QC
)alkylene, aryl(C -C6)alkylene wherein the aryl is
optionally substituted with one or more substituents
selected from the group consisting of halo, -CF3,
(C1-C6)alkoxy, -NO2, (d-C 6)alkyl, -CN, -SO2R50 and
-(CH2)nNR50R5 1, heteroaryl(d-C 6)alkylene wherein the
heteroaryl is optionally substituted with one or more
substituents selected from the group consisting of
halo, -CF3, (Q-C^alkoxy, -NO2, (CrCeMkyl, -CN, -SO2R50
and - (CH2)nNR50R5 1, aryl optionally substituted with
one or more substituents selected from the group
consisting of halo, -CF3, (C1-C6)alkoxy, -NO2,
(C1-C6)alkyl, -CN, -SO2R50 and -(CEb)nNR50R51, and
heteroaryl optionally substituted with one or more
substituents selected from the group consisting of
halo, -CF3, (Q-C^alkoxy, -NO2, (Q-C^alkyl, - CN,
-SO2R50 and -(CEb)nNR50R5 1; R50 and R5 1 are
independently selected from the group consisting of H,
(Ci-C 6)alkyl, (C3- C8)cycloalkyl and -C(O)R45, or R
and R5 , together with the atom to which they are
attached, form a 3-8 membered ring; and E3 is the
group defined by -(Z11)-(Z12)m-(Z13)nil , wherein Z11
is heterocyclyl or heterocyclylene;Z12 is seiecteairom
me group consisting of OC(O), OC(S) and C(O); Z13 is
selected from the group consisting of heterocyclyl,
aralkyl, N(H)R 52, (Q-C^alkyl, - OR52, halo, S(O)2R56,
(C1-C3)hydroxyalkyl and (Ci-C3)haloalkyl; m is 0 or 1;
ml is 0 or 1; R52 is selected from the group
consisting of H, -(CH2)qS(O)2R54, R55NR53R53,
(C1-C3)alkyl, - (CH2)qOR53, -C(O)R54 and -C(O)OR53 ; q
is O, 1, 2, 3 or 4; R53 is (C1-C3)alkyl; R54 is
(Ci-C3)alkyl or N(H)R53 ; R55 is (C1-C6) alkyl; and
R56 is selected from the group consisting of NH2,
(Ci-C3)alkyl and OR52 . [0229] In a preferred
embodiment of the compounds according to the present
invention, the compounds are represented by the
formula B-O: and N-oxides, hydrates, solvates,
pharmaceutically acceptable salts, prodrugs and
complexes thereof, wherein Z is O or S; X and X1are
independently selected from the group consisting of H,
C1-C6 alkyl, halo, cyano, or nitro, wherein C1-C6
alkyl is optionally substituted; R1, R2, R3, R4, R5
and R6 are independently selected from the group
consisting of hydrogen, halo, C1-C6 alkyl, C2-C6
alkenyl and C2-C alkynyl, wherein C1-C6 alkyl, C2-C6
alkenyl 



and C2-C6 alkynyl are optionally substituted; Q is O,
S, NH, N(C1-C6 alkyl), or N-Y-(aryl); L is N, or CR,
wherein R is halo, -CN, C1-C6 alkyl, C2-C6 alkenyl, or
C2-C6 alkynyl, wherein C1-C6 alkyl, C2-C6 alkenyl, and
C2-C6 alkynyl are optionally substituted; and R7 is
selected from the group consisting of H, halogen,
C1-C6 alkyl, -C(=O)NR9R10, - C(=O)(aryl),
-C(=O)(heterocyclyl), -C(=O)(heteroaryl), -Y-(aryl),
-Y-(heterocyclyl), - Y-(heteroaryl), -Y-NR9R10,
-SO2NR9R10 and CO2R9, wherein C1-C6 alkyl, aryl,
heterocyclyl and heteroaryl are each optionally
substituted;R and R1U are independently selected from
the group consisting of H, C1-C6 alkyl, -Y-
(cycloalkyl), -Y-(aryl), -Y-(heterocyclyl),
-Y-(heteroaryl), -Y-O-Y 1-O-R11, -Y CO2- R11, and
-Y-O-R 11, wherein C1-C6 alkyl, cycloalkyl, aryl,
heterocyclyl, and heteroaryl are each optionally
substituted, or R9 and R10 are taken together with the
nitrogen to which they are attached to form a C5-C
heterocyclyl ring or a heteroaryl ring, wherein said
ring is optionally substituted; R8 is selected from
the group consisting of H, halo and C1-C6 alkyl,
wherein C1-C6 alkyl is optionally substituted; Y is a
bond or is -(C(R 11XH)X-, wherein t is an integer from
1 to 6; Y1 is -(C(R 11XH)V, and R11 at each occurrence
is independently H or C1-C6 alkyl, wherein C1-C6 alkyl
is optionally substituted. [0230] In a preferred
embodiment of the compounds according to the present
invention, X and X1 are both hydrogen. [0231] In a
preferred embodiment of the compounds according to the
present invention, R1 is hydrogen or halogen. [0232]
In a preferred embodiment of the compounds according
to the present invention, R1 is fluorine. [0233] In a
preferred embodiment of the compounds according to the
present invention, R4 is hydrogen or halogen. [0234]
In a preferred embodiment of the compounds according
to the present invention, R4 is fluorine. [0235] In a
preferred embodiment of the compounds according to the
present invention, R2, R3, R5, and R6 are each
hydrogen. [0236] In a preferred embodiment of the
compounds according to the present invention, Q is S,
N(C 1-C6 alkyl), or N-Y-(aryl). [0237] In a preferred
embodiment of the compounds according to the present
invention, L is CH or N. [0238] In a preferred
embodiment of the compounds according to the present
invention, R is selected from the group consisting of
H, halo and C1-C6 alkyl, wherein C1-C6 alkyl is
optionally substituted with OH or NR14R15, where R14
and R15 are independently H or C1-C6 alkyl, or R14 and
R15 are taken together with the nitrogen to which they
are attached to form a C5-C heterocyclyl ring or a
heteroaryl ring, wherein said ring is optionally
substituted.[0239] n a preferred embodiment of the
compounds according to the present invention, R7 is
selected from the group consisting of H, halogen, C1-C
alkyl, -CONR9R10, -SO NH2, - SO2NR9R10, -Y-heterocycle
-Y-heteroaryl, -S-aryl, -S-C1-C6 alkyl, -SO-C1-C6
alkyl and -SO2- C1-C6 alkyl, wherein C1-C6 alkyl is
unsubstituted or is substituted with one or two of
hydroxy or halogen, and the heterocycle, and
heteroaryl are unsubstituted or are substituted with
one or two of alkoxy, alkyl, or haloalkyl. [0240] In a
preferred embodiment of the compounds according to the
present invention, R7 is -CONR9R10 . [0241] In a
preferred embodiment of the compounds according to the
present invention, R9 and R  are independently
selected from the group consisting of H, C1-C6 alkyl,
-Y-O-R1 , -Y- (heterocycle), -Y CO2-R11 and -Y-(aryl),
wherein C1-C6 alkyl is unsubstituted or is substituted
with one or two of hydroxy or halogen, and the
heterocycle, and aryl are 



unsubstituted or are substituted with one or two of
alkoxy, alkyl, or haloalkyl. [0242] In a preferred
embodiment of the compounds according to the present
invention, R and R10 are taken together with the
nitrogen to which they are attached to form a
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
or thiomorpholinyl ring, wherein said ring is
unsubstituted or is substituted with one or two of
alkoxy, alkyl, or haloalkyl. [0243] In a preferred
embodiment of the compounds according to the present
invention, R7 is selected from the group consisting of
H, halogen, C1-C6 alkyl, -SO2NR9R10, -
C(=O)(heterocyclyl), -Y-(heterocyclyl),
-Y-(heteroaryl), -S-aryl, -S-C1-C6 alkyl, -SO-C1-C6
alkyl and -SO -C1-C6 alkyl, wherein C1-C alkyl is
unsubstituted or is substituted with one or two of
hydroxy or halogen, and the heterocyclyl, and
heteroaryl are unsubstituted or are substituted with
one or two of alkoxy, alkyl, or haloalkyl. [0244] In a
preferred embodiment of the compounds according to the
present invention, Z is sulfur. [0245] In a preferred
embodiment of the compounds according to the present
invention, the compounds are represented by the
formula B-I :and N-oxides, hydrates, solvates,
pharmaceutically acceptable salts, prodrugs and
complexes thereof, wherein R1 is selected from the
group consisting of hydrogen, halo, C1-C6 alkyl, C2-C6
alkenyl and C2- C6 alkynyl, wherein C1-C alkyl, C -C6
alkenyl and C -C6 alkynyl are optionally substituted;
R is selected from the group consisting of H, halogen,
C1-C alkyl, -C(=O)NR9R10, - C(=O)(aryl),
-C(=O)(heterocyclyl), -C(=O)(heteroaryl), -Y-(aryl),
-Y-(heterocyclyl), - Y-(heteroaryl), -Y-NR9R10,
-SO2NR9R10 and CO2R9, wherein C1-C6 alkyl, aryl,
heterocycle and heteroaryl are each independently
optionally substituted; R9 and R10 are independently
selected from the group consisting of H, C1-C alkyl,
-Y- (cycloalkyl), -Y-(aryl), -Y-(heterocyclyl),
-Y-(heteroaryl), -Y-O-Y^O-R 1 1, -Y'-CO 2- R11, and
-Y-O-R 11, wherein C1-C6 alkyl, cycloalkyl, aryl,
heterocycle, and heteroaryl are each optionally
substituted, or R9 and R taken together with the
nitrogen to which they are attached form a C5-C
heterocyclyl ring or a heteroaryl ring, wherein said
ring is optionally substituted;, Y is a bond or is
-(C(R1 )(H))r , wherein t is an integer from 1 to 6;
Y1 s -( C(R11XH)V; R11 at each occurrence is
independently H or C1-C6 alkyl, wherein C1-C6 alkyl is
optionally substituted; and R is selected from the
group consisting of H, C1-C6 alkyl and -Y-(aryl),
wherein C1-C6 alkyl and aryl are optionally
substituted. [0246] In a preferred embodiment of the
compounds according to the present invention, R1 is
hydrogen or halogen. [0247] In a preferred embodiment
of the compounds according to the present invention,
R1 is fluorine. [0248] In a preferred embodiment of
the compounds according to the present invention, R12
is unsubstituted C1-C3 alkyl or unsubstituted benzyl.
[0249] hi a preferred embodiment of the compounds
according to the present invention, R7 is -C(O)NR9R10
. [0250] In a preferred embodiment of the compounds
according to the present invention, R7 is selected
from the group consisting of[0251] wherein the members
of said group are optionally substituted by 1 to 3
independently selected R38. [0252] hi a preferred
embodiment of the compounds according to the present
invention, R7 is selected from the group consisting of
wherein the members of said group are optionally
substituted with 1 to 3 independently selected R38.
[0253] In a third aspect, the invention provides
compositions comprising a compound that 



is an inhibitor of kinase, or an N-oxide, hydrate,
solvate, pharmaceutically acceptable salt, prodrug or
complex thereof,, and a pharmaceutically acceptable
carrier, excipient or diluent. Preferably, the
invention provides compositions comprising a compound
that is an inhibitor of VEGF receptor signaling and
HGF receptor signaling, or an N-oxide, hydrate,
solvate, pharmaceutically acceptable salt, prodrug or
complex thereof, and a pharmaceutically acceptable
carrier, excipient, or diluent, hi a preferred
embodiment, the composition further comprises an
additional therapeutic agent. [0254] a a fourth
aspect, the invention provides a method of inhibiting
kinase, the method comprising contacting the kinase
with a compound according to the present invention, or
with a composition according to the present invention.
Preferably the invention provides a methodof
inhibiting VEGF receptor signaling and HGF receptor
signaling, the method comprising contacting the
receptor with a compound according to the present
invention, or with a composition according to the
present invention. Inhibition of receptor protein
kinase activity, preferably VEGF and HGF receptor
signaling, can be in a cell or a multicellular
organism. If in a multicellular organism, the method
according to this aspect of the invention comprises
administering to the organism a compound according to
the present invention, or a composition according to
the present invention. Preferably the organism is a
mammal, more preferably a human. In a preferred
embodiment, the method further comprises contacting
the kinase with an additional therapeutic agent.
[0255] The data presented herein demonstrate the
inhibitory effects of the VEGF and HGF inhibitors of
the invention. These data lead one to reasonably
expect that the compounds of the invention are useful
not only for inhibition of VEGF receptor signaling and
HGF receptor signaling, but also as therapeutic agents
for the treatment of proliferative diseases, including
cancer and tumor growth. [0256] Preferred compounds
according to the invention include those described in
the examples below. Compounds were named using
Chemdraw Ultra version 6.0.2 or version 8.0.3, which
are available through Cambridgesoft.com, 100 Cambridge
Park Drive, Cambridge, MA 02140, Namepro version 5.09,
which is available from ACD labs, 90 Adelaide Street
West, Toronto, Ontario, M5H, 3V9, Canada, or were
derived therefrom. Synthetic Schemes and Experimental
Procedures [0257] The compounds of the invention can
be prepared according to the reaction schemes or the
examples illustrated below utilizing methods known to
one of ordinary skill in the art. These schemes serve
to exemplify some procedures that can be used to make
the compounds of the invention. One skilled in the art
will recognize that other general synthetic procedures
maybe used. The compounds of the invention can be
prepared from starting components that are
commercially available. Any kind of substitutions can
be made to the starting components to obtain the
compounds of the invention according to procedures
that are well known to those skilled in the art. I.
Synthesis (general schemes) [0258]
Thieno[3,2-b]pyridine based compounds of formula A-O
may be prepared according to the procedures
illustrated in the scheme A. Thus,
thieno[3,2-b]pyridine-7-ol (I) upon treatment with
POCl3 is converted to the chloride II. Treatment of
this material with a strong base such as n-BuLi
followed by an addition of carbon dioxide affords the
carboxylate III which is used without purification in
the next step, providing the acyl chloride
IV(presumably as a hydrochloride salt) upon its
reaction with oxalyl chloride. The acyl chloride IV is
used for the next step without further purification as
well: upon its reaction with different primary and
secondary amines the compound IV is converted to a
variety of primary and secondary amides V which can
further be derivatized via a substitution of the
chlorine atom in the pyridine ring. [0259] Thus, V
reacting with substituted 4-nitrophenols in a high
boiling point solvent, such as diphenyl ether in the
presence of a base such as potassium carbonate,
produced the nitro derivatives VI which then are
reduced to the amines VII upon treatment with a
mixture NiCl2/NaBH4 (or other conventional reagents).
The amines VII also may be used for the next 



step without further purification, and upon treatment
with 2-phenylacetyl isothiocyanates afford
phenylacetylthioureas VIII bearing the
amido-substituents such as the ones shown in the
scheme A. Scheme A [0260] Substituents X and Y (up to
three, same or different in each of the indicated
benzene rings)are independently selected from halo,
C1-C6 alkyl, C1-C6 alkoxy, cyano, nitro, hydroxy,
amino, C1-C6 alkylamino[0261] Thieno[3,2-d]pyrimidine
based compounds of formula A-O maybe prepared
according to the procedures illustrated in the scheme
B. Thus, thieno[3,2-d]pyrimidine-7-ol (IX) upon
treatment with POCl3 is converted to the chloride X.
Treatment of this material with a strong base such as
lithium tetramethylpiperidide (LiTMP) generated in
situ followed by an addition of carbon dioxide affords
the carboxylate XI which is used without purification
in the next step, providing the acyl chloride XII
(presumably as a hydrochloride salt) upon its reaction
with oxalyl chloride. The acyl chloride XII reacting
with different primary and secondary amines is
converted to a variety of primary and secondary amides
XIII which can further be derivatized via a
substitution of the chlorine atom in the pyrimidine
ring. [0262] Thus, XIII reacting with substituted
4-nitrophenols in a high boiling point solvent, such
as diphenyl ether in the presence of a base such as
potassium carbonate, produce the nitro derivatives XIV
which are then reduced to the amines XV upon treatment
with a mixture NiCl2/NaBH4 (or other conventional
reagents). The amines XV upon treatment with 2-
phenylacetyl isothiocyanates afford the
phenylacetylthioureas XVI bearing the
amidosubstituents such as the ones shown in the scheme
B. Scheme B[0263] Substituents X and Y (up to three,
same or different in each of the indicated benzene
rings) are independently selected from halo, C1-C
alkyl, C1-C alkoxy, cyano, nitro, hydroxy, amino,
C1-C6 alkylamino [0264] Thieno[3,2-b]pyridine based
phenylacetylureas of formula A-O bearing heteroaryl
substituents instead of the amido moieties maybe
prepared according to the procedures illustrated in
the scheme C. Thus, treatment of the chloride II with
a strong base such as n- BuLi followed by an addition
of trimethyltin (or tributyltin) chloride affords the
trimethylstannyl (or tributylstannyl) derivative XVII.
This material reacting with different heteroaryl
bromides in the presence of a Pd-catalyst (Stille
coupling reaction or similar type reactions) produces
heteroaryl-substituted thienopyridines XVIII which can
further be derivatized via a substitution of the
chlorine atom in the pyridine ring. [0265]
Substituents X and Y (up to three, same or different
in each of the indicated benzene rings) are
independently selected from halo, C1-C6 alkyl, C1-C6
alkoxy, cyano, nitro, hydroxy, amino, C1-C6 alkylamino
[0266] Thus, XVIII reacting with substituted
4-nitrophenols in a high boiling point solvent, such
as diphenyl ether in the presence of a base such as
potassium carbonate, produced the nitro derivatives
XIX which are then reduced to the amines XX upon
treatment with a mixture NiCl2/NaBH4 (or other
conventional reagents). The amines XX could be used
for the next step without further purification, and
upon treatment with 2-rhenylacetyl isothiocyanates
afford the phenylacetylthioureas XXI bearing the
heteroaryl substituents such as the ones shown in the
scheme C. Heteroaryls shown in the scheme B, in turn
may bearadditional substituents exemplified (but not
limited to) alkyls, amines, alkylamino, aminoalkyls,
alkoxyalkyls, hydroxyalkyls, alkylsulfonylalkyls,
etc.- known in the art as solubilizing
functionalities. [0267] Substituents X and Y (up to
three, same or different in each of the indicated
benzene rings)are independently selected from halo,
C1-C alkyl, C1-C6 alkoxy, cyano, nitro, hydroxy,
amino, C1-C alkylamino [0268] Pyrrolo[2,3-d]pyrimidine
based compounds of formula B-O may be prepared
according to the procedures illustrated in the scheme
D. Treatment of the 4-chloro-7 /-
pyrrolo[2,3-d]pyrimidine (XXII) with an alkyl halide
in the presence of a base such as sodium hydride
affords the alkylated chlorides XXIII, which reacting
with substituted 4-nitrophenols 



in a high boiling point solvent, such as diphenyl
ether in the presence of a base such as cesium
carbonate, produced the nitro derivatives XXIV reduced
to the amines XXV upon hydrogenation (or treatment
with conventional reducing agents). The amines XXV
reacting with 2-phenylacetyl isothiocyanates afford
the phenylacetylthioureas XXVI bearing the alkyl
substituents such as the ones shown in the scheme
D.[0269] Substituents X and Y (up to three, same or
different in each of the indicated benzene rings) are
independently selected from halo, C -C6alkyl, Q-C
alkoxy, cyano, nitro, hydroxy, amino, CrC alkylamino
[0270] Thieno[3 ,2-b]pyridine based phenylacetylureas
of formula A-O bearing aryl substituents maybe
prepared according to the procedures illustrated in
the scheme E. Thus vhloride I I upon lithiation and
subsequent bromination is converted to the bromide
XXVII that reacting with substituted 4-nitrophenols
produces more elaborated compound XXVIII. This
material can be used for Suzuki type (and like)
reactions with a variety of aryl boronic acids (or
boronates), in particular with the ones functionalized
with basic groups, thus providing compounds XXIX.
Reduction of XXIX with a mixture NiCl ZNaBH4 (or other
conventional reagents) affords amines XXX. The latter
upon treatment with 2-phenylacetyl isothiocyanates
afford the phenylacetylthioureas XXXI bearing aryl
substituents such as the ones shown in the scheme E.
Scheme F[0271] Substituents X and Y (up to three, same
or different in each of the indicated benzene rings)
are independently selected from halo, Q-Qalkyl, Q-C
alkoxy, cyano, nitro, hydroxy, amino, Q-Cealkylamino
[0272] Bromides XXVIII also can be used for Suzuki
type (and like) reactions with a variety of
hydroxyphenyl boronic acids (boronates), to form
phenolic compounds XXXII. These phenols reacting with
different alcohols (Mitsunobu reaction), in particular
functionalized with basic groups, provide compounds
XXXIII. Reduction of XXXIII with a mixture NiCl2/NaBH4
(or other conventional reagents) affords amines XXXIV
which upon treatment with 2-phenylacetyl
isothiocyanates afford the phenylacetylthioureas XXXV
bearing the aryl substituents such as the ones shown
in the scheme F. II. Specific examples Scheme 1Example
1
l-(4-(2-(Dimethylcarbamoyl)thieno[3,2-b]pyridin-7-ylox
y)-3-fluorophenyl)-3-(2- phenylacetyl)thiourea (8a)
Step 1: 7-Chlorothieno[3,2-]pyridine (2) [0273] A
stirred suspension of thieno[3,2-b]pyridin-7-ol (1,
5.0 g, 33.1 mmol) in POCl3 (15 mL) was heated to 1050C
in an oil bath for 4 hrs. The resultant solution was
cooled to room temperature and the POCl3was removed
under reduced pressure. The residue was cooled in an
ice/water bath and cold water was added. The water was
made basic with concentrated NH OH solution and
extracted with EtOAc. The organic extract was dried
over anhydrous sodium sulfate and concentrated to
produce an oil which was purified by column
chromatography (eluent EtOAc-hexane, 1:4) to afford
the title compound as a brown solid (4.5 g, 72%
yield). 1H NMR (400 MHz, CDCl3) d (ppm): 8.60 (d, J
4.9 Hz, IH), 7.80 (d, J = 5.5 Hz, IH), 7.60 (d, J =
5.5 Hz, IH), 7.30 (d, J =4.9 Hz, IH). Steps 2-4:
7-Chloro-N,iV-dimethylthieno[3,2-6]pyridine-2-carboxam
ide (5) [0274] To a stirred solution of 2 (3.0 g, 17.8
mmol) in dry THF (60 mL) at -780C was added n-BuLi
(7.8 mL, 19.6 mmol, 2.5 M solution in hexanes) and the
resultant suspension was stirred for 15 minutes. Solid
carbon dioxide (excess) was added and the mixture was
allowed to warm to room temperature over a period of 1
hour. The solvent was removed under reduced pressure
and the resultant lithium carboxylate 3 was used
without further purification (3.88 g,
quantitative).[0275] To a stirred suspension of 3 (3.5
g, 15.9 mmol) in dry DCM (50 mL) was added (COCl)2
(3.96 g, 3 1.2 mmol) and dry DMF ( 1 drop). The
reaction mixture was heated to reflux for 2 hrs. The
solvents were evaporated to produce 4 (presumably as
an HCl salt) which was used directly in the next step.



[0276] Acyl chloride 4 (2.42 g, 10.5 mmol) was
suspended in dry DCM (105 mL) at O0C and Me2NH (15.7
mL, 2M solution in THF, 31.4 mmol) was added and the
reaction mixture was stirred overnight. The solvent
was removed and the residue was dissolved in EtOAc and
washed with water. The organic phase was collected and
dried over anhydrous sodium sulfate then filtered and
concentrated under reduced pressure to produce a
residue, which was purified by column chromatography
(eluent EtOAc-hexane, 9:1) to afford 5 as a yellow
solid (1.65 g, 45% yield). 1H NMR (400 MHz, CDCl3) d
(ppm): 8.62 (d, J= 4.8 Hz, IH), 7.76 (s, IH), 7.37 (d,
J= 4.8 Hz, IH), 3.35-3.25 (m, 3H), 3.25-3.20 (m, 3H).
Step 5: 7-(2-Fluoro-4-ni1xophenoxy)-
-dimethylthieno[3,2- ]pyridine-2-carboxamide (6)
[0277] A mixture of 5 (1.65 g, 6.85 mmol), potassium
carbonate (5.68 g, 41.1 mmol) and
2-fluoro-4-nitrophenol (1.65 g, 10.3 mmol) were heated
to 17O0C in diphenyl ether (20 mL) for 5 hrs. The
mixture was cooled to room temperature, diluted with
EtOAc and washed with water. The organic phase was
collected, dried over anhydrous sodium sulfate and the
solvents were removed under reduced pressure. The
residue was purified by column chromatography (eluents
EtOAc-hexane 9:1, then MeOH-EtOAc 1:4) to afford 6 as
a yellow solid (1.02 g, 41% yield). 1H NMR (400 MHz,
DMSO-d 6) d (ppm): 8.64 (d, J= 5.3 Hz, IH), 8.46 (dd,
J= 2.8 and 10.3 Hz, IH), 8.20 (ddd, J= 1.3 and 2.6 and
9.0 Hz, IH), 7.98 (s, IH), 7.73 (dd, J= 8.3 Hz, IH),
6.99 (dd, J= 0.9 and 4.8 Hz, IH), 3.25-3.30 (m, 3H),
3.02-3.11 (m, 3H). Steps 6-7:
l-(4-(2-(Dimethylcarbamoyl)thieno[3,2-
]pyridin-7-yloxy)-3-fluorophenyl)-3-(2-
phenylacetyl)thiourea (8a) [0278] To a solution of 6 (
190 mg, 0. 55 mmol) in MeOH (10 mL) at O0C was added
NiCl 2 x 6H2O (241 mg, 1.02 mmol) and NaBH4 (81.4 mg,
2.2 mmol). The reaction mixture was stirred for 1 hr,
concentrated to dryness and the resultant solid was
dissolved in 1M HCl. The aqueous solution was then
made basic with concentrated NH4OH solution and
extracted with EtOAc. The organic phase was collected,
dried over anhydrous sodium sulfate and filtered. The
solvent was evaporated under reduced pressure and the
resultant solid was triturated with diethyl ether to
afford 7 as a white solid that was used immediately in
the next step. [0279] To a suspension of 7 (465.8 mg,
1.41 mmol) in THF (20 mL) was added benzyl
isothiocyanate (374 mg, 2.12 mmol) and the reaction
mixture was stirred for 1hr, concentrated under
reduced pressure and the resultant residue was
purified by column chromatography(eluent EtOAc-MeOH
19:1) to afford a yellow solid which was triturated
with Et2O to afford 8a as an off-white solid (534 mg,
75% yield). 1H NMR (400 MHz, DMSO-d 6) d (pprn): 12.47
(s, IH), 11.78 (s, IH), 8.57 (d, J 4.2 Hz, IH),
8.05-7.95 (m, IH), 7.93 (s, IH), 7.52 (s, 2H), 7.33
(d, J= 3.9 Hz, IH), 7.28-7.23 (m, IH), 6.72 (d, J =
5.3 Hz, IH), 3.83 (s, 2H), 3.26 (s broad, 3H), 3.05 (s
broad, 3H). Examples 2-11: [0280] Examples 2-11
(compounds 8b-k) were prepared using the same
procedures as described for the compound 8a, example 1
(scheme 1). Characterization of 8b-k is provided in
table 1.Methods for Obtaining Optically Active
Epoxides and DSois from 2,3-Disubstituted and
2,3-Trisubstituted Epoxides This application claims
priority of South African Provisional Application No.
2005/03030, filed April 14, 2005, and South African
Provisional Application No. 2005/03083, filed April
15, 2005. The disclosures of South African Provisional
Application Nos. 2005/03030 and 2005/03083 are
incorporated herein by reference in their entirety.
TECHNICAL FIELD This invention relates to biocatalytic
reactions, and more particularly to the use of
enantiomer-selective hydrolases to obtain optically
active epoxides and diols. BACKGROUND Optically active
epoxides and diols (e.g., vicinal diols) are versatile
fine chemical intermediates for use in the production
of pharmaceuticals, agrochemicals, ferro-electric
liquid crystals and flavors and fragrances. Epoxides
are highly reactive electrophiles 



because of the strain inherent in the three-membered
ring and the electronegativity of the oxygen. Epoxides
react readily with various O-, N-, S-, and
C-nucleophiles, acids, bases, reducing and oxidizing
agents, allowing access to bifunctional molecules.
Diols (e.g. .vicinal diols), employed as their highly
reactive cyclic sulfites and sulfates, act like
epoxide-like synthons with a broad range of
nucleophiles. The possibility of double nucleophilic
displacement reactions with amidines and azide, allow
access to dihydroimidazole derivatives, aziridines,
diamines and diazides. Since enantiopure epoxides and
diols can be stereospecifically inter-converted, they
can be regarded as synthetic equivalents. Optically
active 2,3-di, tri- and tetra-substituted epoxides and
their corresponding diols have considerable synthetic
potential for the production of a wide range of
bioactive compounds. C/s-2,3-disubstituted epoxides
that are bioactive compounds include, for example,
insect pheromones, antibiotics such as fosfomycin and
natural compounds such as C18 epoxy fatty acids that
are involved, e.g., in plant defense mechanisms
against, for example, rice blast disease. Enantiopure
c/s-2,3-epoxides (e.g., indene oxide) are also
valuable building blocks in the synthesis of
pharmaceuticals (e.g. anti-retrovirals and potassium
channel opener drugs). Similarly,frans-2,3-epoxides
are encountered as sex attractants in insects, and
serve as building blocks for pharmaceuticals such as
Diltiazem and Taxol. Tri-substituted epoxides are also
useful for the synthesis of a wide range of
pharmaceuticals and natural products. Derivatives of
6,7-epoxygeranyl alcohol or the esters (for example
6,7-epoxy-3,7- dimethyl-2-octene-1-yl phenylcarbamate)
are useful chiral intermediates in the synthesis of
insect juvenile hormone analogues and various
pharmaceuticals. For example, 2,3- epoxylinalyl
acetate can be used in the synthesis of aroma
compounds (Orru etal., 1999).M ethylene-interrupted
bis-epoxides are biosynthetic and bio-mimetic
precursors to chiral substituted tetrahydrofurans,
which feature in many biologically potent natural
products (Capon and Barrow, 1998). Epoxide hydrolases
(ec 3.3.2.3) are hydrolytic enzymes that convert
epoxides to vicinal diols by ring-opening of the
epoxide with water. Epoxide hydrolases are present in
mammals, plants, insects and microorganisms. SUMMARY
The invention is based in part on the surprising
discovery by the inventors that certain microorganisms
express epoxide hydrolases with high
enantioselectivity. These microorganisms and the yeast
enantioselective 2,3-di- and 2,3-tri-substituted
epoxide hydrolases polypeptides of the invention
selectively hydrolyse specific enantiomers of 2,3-di-
and/or 2,3-tri-substituted epoxides. The genomes of
the microorganisms encode polypeptides having highly
enantioselective 2,3-di- or 2,3-tri-substituted
epoxide hydrolase activity. These 2,3-di- or
tri-substituted epoxides are for convenience referred
to herein as "internal epoxides" ("IE") and the term
"internal diols" ("ID") refers to the diols that are
the products of the epoxide hydrolase-mediated
hydrolysis of the IE. These ID are generally internal
vicinal diols (IVD) (see, for example, the compounds
represented by general formulae (IV), (V), (Vl), and
(IX) below). Compounds having the general formula (IX)
(and which are IVD), are the products of the
YEIH-mediated hydrolyis of compounds having the
general formula (VII). However, after formation,
compounds with general formula (IX) undergo
spontaneous ring closure to form compounds with
general formula (VIII), which are ID but not IVD.
Thus, while the products of the YEIH-mediated
hydrolysis of IE are generally IVD, because of this
spontaneous ring closure, IVD are not always
recoverable from the appropriate biotransformations.
In these cases, the recoverable compounds will
nevertheless be ID. The rate at which the spontaneous
ring closure occurs depends on the R groups on theIE.
With certain R groups it may be possible to recover
compounds with general formula (IX) from the
appropriate biotransformations by limiting the time of
the incubations involved. 



The yeast enantioselective hydrolases of the invention
having the above described activity on IE are referred
to herein as yeast enantioselective internal epoxide
hydrolases (YEIH). More specifically, the invention
provides a process for obtaining an optically active
IE and/ or an optically active ID, which process
includes the steps of: providing an enantiomeric
mixture of a internal epoxide (IE); creating a
reaction mixture by adding to the enantiomeric mixture
a polypeptide, or a functional fragment thereof,
having enantioselective internal epoxide hydrolase
activity, the polypeptide being a polypeptide encoded
by a gene of a yeast cell or a gene derived from a
yeast cell; incubating the reaction mixture; and
recovering from the reaction mixture: (a) an
enantiopure, or a substantially enantiopure, ID; (b)
an enantiopure, or a substantially enantiopure, IE; or
(c) an enantiopure, or a substantially enantiopure, ID
and an enantiopure, or a substantially enantiopure,
IE. Another aspect of the invention is a process for
obtaining an optically active IE and/or an optically
active ID, which process includes the steps of:
providing an enantiomeric mixture of a internal
epoxide; creating a reaction mixture by adding to the
enantiomeric mixture a cell (e.g., a yeast cell)
comprising a nucleic acid encoding, and capable of
expressing, a polypeptide having enantioselective
internal epoxide hydrolase activity; incubating the
reaction mixture; and recovering from the reaction
mixture: (a) an enantiopure, or a substantially
enantiopure, ID; (b) an enantiopure, or a
substantially enantiopure, IE; or (c) an enantiopure,
or a substantially enantiopure, ID and an enantiopure,
or a substantially enantiopure, IE. The polypeptide
can be a polypeptide encoded by a gene of a yeast
cell. In both of the above processes, the incubation
can result in the selective production of an ID having
the chirality of the enantiomer for which the epoxide
hydrolase has selective activity and/or the selective
enrichment, relative to the total amount of both
enantiomers of the ID in the mixture, of the ID
enantiomer for which the epoxide does not have
selective activity. The following embodiments apply to
both of the above processes. Thepolypeptide can be
encoded by an endogenous gene of the cell or the cell
can be a recombinant cell, the polypeptide being
encoded by a nucleic acid sequence with which the cell
is transformed. The nucleic acid sequence can be an
exogenous nucleic acid sequence, a heterologous
nucleic acid sequence, or a homologous nucleic acid
sequence. The polypeptide can be a full-length YEIH or
a functional fragment of a full length YEIH. Moreover,
both processes can be carried out at a pH from 5 to
10. They can be carried out at a temperature of O0C to
60 0C. In the processes, the concentration of the IE
(e.g., at the start of reaction) can be at least equal
to the solubility of the internal epoxide in water,
i.e., it can be at least equal to the soluble
concentration of the IE in water. In both processes,
the IE is a compound of the general formula (A) (as
exemplified by general formulae (I), (II), (III) and
(VII) below) and the ID produced by the process is a
compound of the general formula (B) (as exemplified by
general formulae (IV), (V), (Vl), (VIII), and (IX)
below). (A) (B) For the IE with general formula (A) R
i is not H and: (a) where R2 is H and R3 is not H, the
IE is a c/s-2,3-disubstituted epoxide; (b) where R2 is
not H and R3 is H, the IE is a frans-2,3-disubstituted
epoxide; and (c) where neither R2 nor R3 are H, the IE
is a tri-substituted epoxide. The 2,3 disubstituted
epoxide may be a compound of the general formula (I)
and/or (II) and the 2,3-trisubstitutued epoxide may be
of general formula (III). The ID produced by the
processes of the invention can be a compound of the
general formula (IV) and/or (V) or
(Vl).c/s-2,3-disubstituted epoxide ra/ is-2,3
disubstituted epoxide 2,3-trisubstituted epoxide 



(D (M) (I") (2 The process may include
enantioselective hydrolysis of methylene interrupted
bisepoxides and derivatives thereof, such as
diepoxyfatty acids, of the general formula (VII) to
the corresponding tetrahydrofuran diols of general
formula (VIII) and/or tetraols of general formula
(IX). Methylene-interrupted bis-epoxide
tetrahydrofuran diol tetraol (VII) (VIII) (IX) In all
of compounds I- IX, R-I, R2 and R3 are, independently
of each other, selected from the group consisting of a
variably substituted straight-chain or branched alkyl
group, a variably substituted straightchain or
branched alkenyl group, a variably substituted
straight-chain or branched alkynyl group, a variably
substituted cycloalkyl group as well as cycloalkenyl
groups, a variably substituted aryl group, a variably
substituted aryl-alkyl group, a variably substituted
heterocyclic group, a variably substituted
straight-chain or branched alkoxy group, a variably
substituted straight-chain or branched alkenyloxy
group, a variably substituted aryloxy group, a
variably substituted aryl-alkyloxy group, a variably
substituted alkylthio group, a variably substituted
alkoxycarbonyl group, a variably substituted straight
chain or branched alkylamino or alkenyl-amino group, a
variably substituted arylamino or arylalkylamino
group, a variably substituted carbamoyl group, a
variably substituted acyl group, and a functional
group.Moreover, in the processes; the enantiomeric
mixture can be a racemic mixture or a mixture of any
ratio of amounts of the enantiomers. The processes can
include adding to the reaction mixture water and at
least one water-immiscible solvent, including, for
example, toluene, 1,1,2-trichlorotrifluoroethane,
methyl terf-butyl ether, methyl isobutyl ketone,
dibutyl-o-phtalate, aliphatic alcohols containing 6 to
9 carbon atoms or aliphatic hydrocarbons containing 6
to 16 carbon atoms. Alternatively, or in addition, the
processes can include adding to the reaction mixture
water and at least one water-miscible organic solvent,
for example, acetone, methanol, ethanol, propanol,
isopropanol, acetonitrile, dimethylsulfoxide,
L/,L/-dimethylformamide, or L/-methylpyrrolidine. In
addition, or alternatively, one or more surfactants,
one or more cyclodextrins, or one or more
phasetransfer catalysts can be added to the reaction
mixtures. Both processes can include stopping the
reaction when one enantiomer of the epoxide and/or
vicinal diol is in excess compared to the other
enantiomer of the epoxide and/or vicinal diol.
Furthermore, the processes can include recovering
continuously during the reaction the optically active
epoxide and/or the optically active vicinal diol
produced by the reaction directly from the reaction
mixture. In both processes the yeast cell can be of
one of the following exemplary genera: Arxula,
Brettanomyces, Bullera, Bulleromyces, Candida,
Cryptococcus, Debaryomyces, Dekkera, Exophiala,
Geotrichum, Hormonema, Issatchenkia, Kluyveromyces,
Lipomyces, Mastigomyces, Myxozyma, Pichia,
Rhodosporidium, Rhodotorula, Sporidiobol us,
Sporobolomyces, Trichosporon, Wingea, or Yarrowia.
Moreover, in the processes, the yeast cell can be of
one of the following exemplary species: Arxula
adeninivorans, Arxula terrestris, Brettanomyces
bruxellensis, Brettanomyces naardenensis,
Brettanomyces anomalus, Brettanomyces species
(e.g.NCYC 3151,), Bullera dendrophila, Bulleromyces
albus, Candida albicans, Candida fabianii, Candida
glabrata, Candida haemulonii, Candida intermedia,
Candida magnoliae, Candida parapsilosis, Candida
rugosa, Candida tenuis, Candida tropicalis, Candida
famata, Candida kruisei, Candida sp. (new) rel to C.
sorbophila, Cryptococcus albidus, Cryptococcus
amylolentus, Cryptococcus bhutanensis, Cryptococcus
curvatus, Cryptococcus gastricus, Cryptococcus
humicola, Cryptococcus hungaricus, Cryptococcus
laurentii, Cryptococcus luteolus, Cryptococcus
macerans, Cryptococcus podzolicus, 



Cryptococcus terreus, Cryptococcus macerans,
Debaryomyces hansenii, Dekkera anomala, Exophiala
dermatitidis, Geotrichum species (e.g. L)OFS Y-0111),
Hormonema species (e.g. NCYC 3171), Issatchenkia
occidentalis, Kluyveromyces marxianus, Lipomyces
species (e.g.UOFS Y-2159), Lipomyces tetrasporus,
Mastigomyces philipporii, Myxozyma melibiosi,Pichia
anomafa, Pichia finlandicci, Pichia guilfermondii,
Pichia haplophila, Rhodosporidium lusitaniae,
Rhodosporidium paludigenum, Rhodosporidium
sphaerocarpum, Rhodosporidium toruloides,
Rhodosporidium paludigenum, Rhodotorula araucariae,
Rhodotorula glutinis, Rhodotorula minuta, Rhodotorula
minuta var. minuta, Rhodotorula mucilaginosa,
Rhodotorula philyla, Rhodotorula rubra, Rhodotorula
species (e.g. UOFS Y- 2042), Rhodotorula species (e.g.
UOFS Y-0448), Rhodotorula species (e.g. NCYC 3193),
Rhodotorula species (e.g. UOFS Y-0139), Rhodotorula
secies (e.g. UOFS Y-0560), Rhodotorula aurantiaca,
Rhodotorula species (e.g. NCYC 3224), Rhodotorula sp.
"mucilaginosa", Sporidiobolus salmonicolor,
Sporobolomyces holsaticus, Sporobolomyces roseus,
Sporobolomyces tsugae, Trichosporon beigelii,
Trichosporon cutaneum var. cutaneum, Trichosporon
delbrueckii, Trichosporon jirovecii, Trichosporon
mucoides, Trichosporon ovoides, Trichosporon
pullulans, Trichosporon species (e.g. UOFS Y-0861),
Trichosporon species (e.g. UOFS Y-1615), Trichosporon
species (e.g. UOFS Y-0451), Trichosporon species
(e.g.NC YC 321 2>, Trichosporon species (e.g. UOFS
Y-0449J, Trichosporon species (e.g. NCYC 321 1),
Trichosporon species (e.g. UOFS Y-2113), Trichosporon
species (e.g. NCYC 3210), Trichosporon moniliiforme,
Trichosporon montevideense, Wingea robertsiae, or
Yarrowia lipolytica. The yeast cell can also be of any
of the other genera, species, or strains disclosed
herein. Another aspect of the invention is a method
for producing a polypeptide, which process includes
the steps of: providing a cell comprising a nucleic
acid encoding and capable of expressing a polypeptide
that has enantioselective IE hydrolase activity; and
culturing the cell. The method can further involve
recovering the polypeptide from the culture.
Recovering the polypeptide from the culture includes,
for example, recovering it from the medium in which
the cell was cultured or recovering it from the cell
per se. The cell can be a yeast cell. The polypeptide
can be encoded by an endogenous gene of the cell or
the cell can be a recombinant cell, the polypeptide
being encoded by a nucleic acid sequence with which
the cell is transformed. The nucleic acid sequence can
be an exogenous nucleic acid sequence, a heterologous
nucleic acid sequence, or a homologous nucleic acid
sequence. The polypeptide can be a full-length YEIH or
a functional fragment of a full-length YEIH. The cell
can be of any of the yeast genera, species, or strains
disclosed herein or any recombinant cell disclosed
herein. The invention also features a crude or pure
enzyme preparation which includes a polypeptide having
enantioselective IE hydrolase activity. The
polypeptide can be oneencoded by any ofthe
yeastgenera, species, orstrains disclosed herein or
one encoded by a recombinant cell. In another aspect,
the invention features a substantially pure culture of
cells, a substantial number of which comprise a
nucleic acid encoding, and are capable of expressing,
a polypeptide having enantioselective IE hydrolase
activity. The cells can be recombinant cells or cells
of any of the yeast genera, species, or strains
disclosed herein. Another embodiment of the invention
is an isolated cell, the cell comprising a nucleic
acid encoding a polypeptide having enantioselective IE
hydrolase activity, the cell being capable of
expressing the polypeptide. The cell can be any of
those disclosed herein. The invention also features an
isolated DNA that includes: (a) a nucleic acid
sequence that encodes a polypeptide that has
enantioselective IE hydrolase activity and that
hybridizes under highly stringent conditions to the
complement of a sequence that can be SEQ ID NO: 8, 9,
10, 11, 12, 13, or 14; or (b) the complement ofthe
nucleic acid sequence. The nucleic acid sequence can
encode a polypeptide that includes an amino acid
sequence, that can be SEQ ID NO: 1, 2, 3, 4, 5, 6, or
7. The nucleic acid sequence can be, for 



example, one of those with SEQ ID NOs: 8, 9, 10, 11,
12, 13, or 14. Also provided by the invention is an
isolated DNA that includes: (a) a nucleic acid
sequence that is at least 55% identical to a sequence
that can be SEQ ID NO: 8, 9, 10, 11, 12, 13, or 14; or
(b) the complement ofthe nucleic acid sequence, the
nucleic acid sequence encoding a polypeptide that has
enantioselective IE hydrolase activity. Another aspect
of the invention is an isolated DNA that includes: (a)
a nucleic acid sequence that encodes a polypeptide
consisting of an amino acid sequence that is at least
55% identical to a sequence that can be SEQ ID NOs: 1,
2, 3, 4, 5, 6, or 7; or (b) the complement of the
nucleic acid sequence, the polypeptide having
enantioselective IE hydrolase activity. Also included
in the inventions are: (i) vectors (e.g., those in
which the coding sequence is operably linked to a
transcriptional regulatory element) containing any
ofthe above DNAs; and (ii) cells (e.g., eukaryotic or
prokaryotic cells) containing such vectors. Also
provided by the invention is an isolated polypeptide
encoded by any of the above DNAs. The polypeptide can
include an amino acid sequence that is at least 55%
identical to SEQ ID NOs: 1, 2, 3, 4, 5, 6 or 7, the
polypeptide having enantioselective IE hydrolase
activity. The polypeptide can also include: (a) a
sequence that can be SEQ ID NO: 1, 2, 3, 4, 5, 6, or
7, or a functional fragment of the sequence; or (b)
the sequence of (a), but withno more than five
conservative substitutions, the polypeptide having
enantroseieclive IE hydrolase activity. In another
embodiment the invention features an isolated antibody
(e.g., a polyclonal or a monoclonal antibody) that
binds to any of the above-described polypeptides. As
used herein, the term "wild-type" as applied to a
nucleic acid or polypeptide refers to a nucleic acid
or a polypeptide that occurs in, or is produced by,
respectively, a biological organism as that biological
organism exists in nature. The term "heterologous" as
applied herein to a nucleic acid in a host cell or a
polypeptide produced by a host cell refers to any
nucleic acid or polypeptide (e.g., an YEIH
polypeptide) that is not derived from a cell of the
same species as the host cell. Accordingly, as used
herein, "homologous" nucleic acids,or proteins, are
those that are occur in, or are produced by, a cell of
the same species as the host cell. The term
"exogenous" as used herein with reference to nucleic
acid and a particular host cell refers to any nucleic
acid that does not occur in (and cannot be obtained
from) that particular cell as found in nature. Thus, a
non-naturally-occurring nucleic acid is considered to
be exogenous to a host cell once introduced into the
host cell. It is important to note that
non-naturally-occurring nucleic acids can contain
nucleic acid subsequences or fragments of nucleic acid
sequences that are found in nature provided the
nucleic acid as a whole does not exist in nature. For
example, a nucleic acid molecule containing a genomic
DNA sequence within an expression vector is
non-naturally-occurring nucleic acid, and thus is
exogenous to a host cell once introduced into the host
cell, since that nucleic acid molecule as a whole
(genomic DNA plus vector DNA) does not exist in
nature. Thus, any vector, autonomously replicating
plasmid, or virus (e.g., retrovirus, adenovirus, or
herpes virus) that as a whole does not exist in nature
is considered to be non-naturally-occurring nucleic
acid. It follows that genomic DNA fragments produced
by PCR or restriction endonuclease treatment as well
as cDNAs are considered to be non-naturally-occurring
nucleic acid since they exist as separate molecules
not found in nature. It also follows that any nucleic
acid containing a promoter sequence and
polypeptide-encoding sequence (e.g., cDNA or genomic
DNA) in an arrangement not found in nature is
non-naturally-occurring nucleic acid. Nucleic acid
that is naturally-occurring can be exogenous to a
particular cell. For example, an entire chromosome
isolated from a cell of yeast x is an exogenous
nucleic acid with respect to a cell of yeast y once
that chromosome is introduced into a cell of yeast. In
contrast, the term "endogenous" as used herein with
reference to nucleic acids orgenes and a particular
cell refers to any nacleicacidOrgeneitiairdoes
occurirr(and can e obtained from) that particular cell
as found in nature. 



It will be clear from the above that "exogenous"
nucleic acids can be "homologous" or "heterologous"
nucleic acids. As used herein, "homologous" nucleic
acids are those that are derived from a cell of the
same species as the host cell and "heterologous"
nucleic acids are those that are derived from a
species other than that of the host cell. As an
illustration of the above concepts, an expression
plasmid encoding a Y. lipolytics YEIH that is
transformed into a Y. lipolytica cell is, with respect
to that cell, an exogenous nucleic acid. However, the
YElH coding sequence and the YEIH produced by it are
homologous with respect to the cell. Similarly, an
expression plasmid encoding a potato epoxide
hyrdrolase that is transformed into a Y. lipolytica
cell is, with respect to that cell, an exogenous
nucleic acid. In contrast, however the epoxide
hydrolase coding sequence and the epoxide hydrolases
produced by it are heterologous with respect to the
cell. The term "biocatalyst" refers herein to any
agent (e.g., an epoxide hydrolase, a recombinant V.
lipolytica cell expressing an an epoxide hydrolase, or
a lysate or cell extract of such a cell) that
initiates or modifies the rate of a chemical reaction
in a living body, i.e., a biochemical catalyst.
Herein, the term "biotransformation" is the chemical
conversion of substances (e.g., epoxides) as by the
actions of living organisms ( e.g., Yarrowia cells),
enzymes expressed therefrom, or enzyme preparations
thereof. In contrast, the term "endogenous" as used
herein with reference to nucleic acids or genes and a
particular cell refers to any nucleic acid or gene
that does occur in (and can be obtained from) that
particular cell as found in nature. The alkyl group
may be a straight chain or branched alkyl group with 1
to 12 carbon atoms. The alkyl group may be selected
from the group consisting of methyl-, ethyl-, propyl-,
isopropyl-, butyl-, isobutyl-, s-butyl-, t-butyl-,
pent-1-yl-, pent-2-yl-, pent-3- yh 2-methylbut-1-yl-,
3-methylbut-1-yl-, 2-methylbut-2-yl-,
3-methylbut-2-yl-, hex-1-yl-, hex-2-yl-, hex-3-yl-,
1-methylpent-1-yl-, 2-methylpent-1-yl-,
3-methylpent-1-yl-, 2- methylpent-2-yl-,
3-methylpent-2-yl-, 4-methylpent-2-yl-,
2-methylpent-3-yl-, 3- methylpent-3-yl-,
2-ethylbut-1-yl-, hept-1-yl-, hept-2-yl-, hept-3-yl-,
hept-4-yl-, 1- methylhex-1-yl-, 2-methylhex-1-yl-,
3-methylhex-1-yl-, 4-methylhex-1-yl-, 5-methylhex-1-
yl-, 2-methylhex-2-yl-, 3-methylhex-2-yl-,
4-methylhex-2-yl-, 5-methylhex-2-yl-, 2-
methylhex-3-yl-, 3-methylhex-3-yl-, 4-methylhex-3-yl-,
5-methylhex-3-yl-, 2-methylhex-4-yl-,
1,1-dimethylpent-1-yl-, 1,2-dimethylpent-1-yl-,
f,3-dlme  f ylperil-i-yl-, 1,4- dimethylpent-1-yl-,
2,2-dimethylpent-1-yl-, 2,3-dimethylpent-1-yl-,
2,4-dimethylpent-1-yl-, 2,5-dimethylpent-1-yl-,
3,3-dimethylpent-1-yl-, 3,4-dimethylpent-1-yl-,
3,5-dimethylpent- 1-yI-, 4,4-dimethylpent-1-yl-,
4,5-dimethylpent-1-yl-, 5,5-dimethylpent-i-yl-, 2,2-
dimethylpent-2-yl-, 2,3-dimethylpent-2-yl-,
2,4-dimethylpent-2-yl-, 3,3-dimethylpent-2-yl-,
3,4-dimethylpent-2-yI-, 2,2-dimethylpent-3-yl-,
2,3-dimethylpent-3-yl-, 2,4-dimethylpent- 3-yl-,
2,2-dimethylpent-4-y!-, 2-ethylpent-1-yl-,
3-ethylpent-1-yl-, 1,1,2-trimethylbut-i-yl-,
1,2,2-trimethylbut-i-yl-, 1,2,3-trimethylbut-i-yl-,
2,2,3-trimethylbut-1-yl-, 2,3,3- trimethylbut-1-yl-,
2,3,3-but-2-yl-, 2-isopropylbut-1-yl-,
2-isopropylbut-2-yl-, oct-1-yl-, oct- 2-yh oct-3-yl-,
oct-4-yl-, 2-methylhept-1-yl-, 3-methylhept-1-yl-,
4-methylhept-i-yl-, 5- methylhept-1-yl-,
6-methylhept-1-yl-, 2-methylhept-2-yl-,
3-methylhept-2-yl-, 4- methylhept-2-yl-,
5-methylhept-2-yl-, 6-methy!hept-2-yl-,
2-methylhept-3-yl-, 3- methylhept-3-yl-,
4-methylhept-3-yl-, 5-methylhept-3-yl-,
6-methylhept-3-yl-, 2- methylhept-4-yl-,
3-methylhept-4-yl-, 4-methylhept-4-yl-,
2,2-dimethylhex-1-yl-, 2,3- dimethylhex-1-yl-,
2,4-dimethylhex-1-yl-, 2,5-dimethylhex-i-yl-,
3,3-dimethylhex-1-yl-, 3,4-dimethylhex-1-yl-,
3,5-dimethylhex-1-yl-, 4,4-dimethylhex-1-yl-,
4,5-dimethylhex-1- yl-, 5,5-dimethylhex-1-yl-,
2,3-dimethylhex-2-yl-, 2,4-dimethylhex-2-yl-,
2,5-dimethylhex- 2-yl-, 3,3-dimethylhex-2-yl-,
3,4-dimethylhex-2-yl-, 3,5-dimethylhex-2-yl-, 4,4-
dimethylhex-2-yl-, 4,5-dimethylhex-2-yl-,
5,5-dimethylhex-2-yl-, 2,2-dimethylhex-3-yl-,
2,3-dimethylhex-3-yl-, 2,4-dimethylhex-3-yl-,
2,5-dimethylhex-3-yl-, 3,3-dimethylhex-3- yl-,
3,4-dimethylhex-3-yl-, 3,5-dimethylhex-3-yl-,
4,4-dimethylhex-3-yl-, 4,5-dimethylhex- 



3-yl-, 5,5-dimethylhex-3-yl-,
2,2,3-trimethylpent-1-yl-, 2,2,4-trimethylpent-i-yl-,
2,3,3- trimethylpent-1-yl-, 2,3,4-trimethylpent-1-yl-,
3,3,4-trimethylpent-1-yl-, 3,4,4- trimethylpent-1-yl-,
2,4,4-trimethylpent-1-yl-, 2,3,3-trimethylpent-2-yl-,
2,3,4- trimethylpent-2-yl-, 3,3,4-trimethylpent-2-yl-,
3,4,4-trimethylpent-2-yl-, 2,4,4- trimethyipent-2-yl-,
2,2,3-t i methylpent-3-yl-, 2-methyl-3-ethylpen-1-yl-,
3-ethyl-3- methylpent-1-yl-,
3-ethyl-4-methylpent-1-yI-, (3-methylhex-3-yl)methyl~,
(4-methylhex-3- yl)methyl-, (5-methylhex-3-yl)methyl-,
(2-methylhex-2-yl)methyl-, 2-methyl-3-ethylpent-
2-yl-, 3-ethyl-3-methylpent-2-yl-,
3-ethyl-4-methylpent-2-yl-,
2-methyl-2-ethylpent-3-yl-,
2-methyl-3-ethylpent-3-yl-,
2,2,3,3-tetramethylbut-1-yl-,
2-ethyl-3,3-dimethylbut-2-ly, 2-
isopropyl-3-methylbut-2-yl-,
(3-ethylpent-3-yl)methyl-,
(2,3-dimethylpent-3-yl)methyl-,
(2,4-dimethylpent-3-yl)methyl-, non-1 -yl-, non-2-yl-,
non-3-yl-, non-4-yl-, non-5-yl-, 2- methyloct-1-yl,
3-methyloct-1-yl-, 4-methyl oct-1-yl-,
5-methyloct-1-yl-, 6-methyloct-1-yl-,
7-methyloct-1-yl-, 2-methyloct-2-yl,
3-methyloct-2-yl-, 4-methyloct-2-yl-,
5-methyloct-2-yl-, 6-methyloct-2-yl-, 7-methyloct-2-yh
2-mefhyoct-3-yl, 3-methyloct-3-yl-, 4-methyloct-
3-yl-, 5-methyloct-3-yl-, 6-methyloct-3-yl-,
7-methyloct-3-yl-, 2-methyloct-4-yl, 3-
methyloct-4-yl-, 4-methyloct-4-yl-, 5-methyloct-4-yl-,
6-methyloct-4-yl-, 7-methyloct-4-yl-,
2,2-dimethylhept-1-yl-, 2,3-dimethylhept-1-yl-,
2,4-dimethylhept-1-yl-, 2,5-dimethylhept- 1-yl-.
2,6-dimethylhept-1-yl-, 3,3-dimethylhept-1-yl-,
3,4-dimethylhept-1-yl-, 3,5- dimethylhept-1-yh
3,6-dimethylhept-1-yl-, 4,4-dimethylhept-1-yl-,
4,5-dimethylhept-1-yl-, 4,6-dimethylhept-1-yl-,
5,5-dimethylhept-1-yl-, 5,6-dimethylhept-1-yl-,
6,6-dimethylhept- 1-yl-, 2,3-dimethylhept-2-yl-,
2,4-dimethylhept-2-yl-, 2,5-dimethylhept-2-yl-, 2,6-
dimethylhept-2-yl-, 3,3-dimethylhept-2-yl-,
3,4-dimethylhept-2-yl-, 3,5-dimethylhept-2-yl-,
3,6-dimethylhept-2-yl-, 4,4-dimethylhept-2-yl-,
4,5-dimethylhept-2-yl-, 4,6-dimethylhept- 2-yl-,
5,5-dimethylhept-2-yl-, 5,6-dimethylhept-2-yl-,
6,6-dimethylhept-2-yl-, 2,2- dimethylhept-3-yh
2,3-dimethylhept-3-yl-, 2,4-dimethylhept-3-yl-,
2,5-dimethylhept-3-yl-, 2,6-dimethylhept-3-yl-,
3,4-dimethylhept-3-yl-, 3,5-dimethylhept-3-yl-,
3,6-dimethylhept- 3-yl-, 4,4-dimethylhept-3-yl-,
4,5-dimethylhept-3-yl-, 4,6-dimethylhept-3-yl-, 5,5-
dimethylhept-3-yl-, 5,6-dimethylhept-3-yl-,
6,6-dimethylhept-3-yl-, 3-ethylhept-1-yl-, 3-
ethylhept-1-yl-, 4-ethylhept-1-yl-, 3-ethylhept-2-yl-,
4-ethylhept-2-yl-, 5-ethylhept-2-yl-, 3-
ethylhept-3-yl-, 4-ethylhept-3-yl-, 5-ethylhept-3-yl-,
3-ethylhept-4-yl-, 4-ethylhept-4-yl-,
2,2,3-trimethylhex-1-yl-, 2,2,4-trimethylhex-1-yl-,
2,2,5-trimethylhex-1-yl-, 2,3,3- trimethylhex-1-yl-,
2,3,4-trimethylhex-i-yl-, 2,3,5-trimethylhex-1-yl-,
2,4,4-trimethylhex-1- yl-, 2,4,5-trimethylhex-i-yl-,
2,5,5-trimethylhex-1-yl-, 3,3,4-trimethylhex-1-yl-,
3,3,5- trimethylhex-1-yl-, 4,4,5-trimethylhex-1-yl-,
4,5,5-trimethylhex-1-yl-, 2,3,3-trimethylhex-2- yl-,
2,3,4-trimethylhex-2-yl-, 2,3,5-trimethylhex-2-yl-,
2,4,4-trimethylhex-2-yl-, 2,4,5- trimethylhex-2-yl-,
2,5,5-trimethylhex-2-yl-, 3,3,4-trimethyIhex-2-yl-,
3,3,5-trimethylhex-2- yl-, 3,4,4-trimethylhex-2-yl-,
3,4,5-trimethylhex-2-yl-, 3,5,5-trimethylhex-2-yl-,
4,4,5- trimethylhex-2-yh 4,5,5-trimethylhex-2-yl-,
2,2,3-trimethylhex-3-yl-, 2,2,4-trimethylhex-3- yl-,
2,2,5-trimethylhex-3-yl-, 2,3,4-trimethylhex-3-yl-,
2,3,5-trimethylhex-3-yl-, 2,4,4- trimethylhex-3-yl-,
2,4,5-trimethylhex-3-yl-, 2,5,5-trimethylhex-3-yl,
4,4,5-trimethylhex-3- yl-, 4,5,5-trimethylhex-3-yl-,
(2-methylhex-3-yl)methyl-, 3-ethyl-2-methylhex-1-yl-,
3- ethyl-3-methylhex-1-yl-, 3-ethyl-4-methylhex-1-yl-,
3-ethyl-5-methylhex-1-yl-, 4-ethyl-2- methylhex-1
-yl-, 4-ethyl-3-methylhex-1 -yl-,
4-ethyl-4-methylhex-1 -yl-, 4-ethyl-5-
methylhex-1-yl-, (2-methylhex-1 -yl)methyl-,
(3-methylhex-1-yl)methyl-, (4-methylhex-1- yl)methyl-,
(5-methylhex-1-yl)methyl-, (6-methylhex-1-yl)methyl-,
3-isopropylhex-1-yl-, 4- ethyl-5-methylhex-1-yl-,
3-ethyl-3-methylhex-2-yl-, 3-ethyl-4-methylhex-2-yl-,
3-ethyl-5- methylhex-2-yl-, 4-ethyl-2-methylhex-2-yl-,
4-ethyl-3-methylhex-2-yl-, 4-ethyl-4-methylhex-2-yh
4-ethyl-5-methylhex-2-yl-, 3-isopropyihex-2-yI-,
4-ethyl-5-methylhex-2- yl-, 3-ethyl-2-methy!hex-3-yl-,
3-ethyl-4-methylhex-3-y!-, 3-ethyl-5-methy!hex-3-yl-,
Aethyl- 2-methylhex-3-yl-, 4-ethyl-3-methylhex-3-yl-,
4-ethyl-4-methylhex-3-yl-, 4-ethyl-5- methylhex-3-yl-,
4-isopropylhex-1-yl-, 2,2,3,3-tetramethylpent-1-yl-,
2,2,3,4- tetramethylpent-1-yl-,
2,2,4,4-tetramethylpent-1-yl-,
2,3,3,4-tetramethylpent-1-yl-,
2,3,4,4-tetramethylpent-1-yl-,
2,3,4,4-tetramethylpent-1-yl-,
3,3,4,4-tetramethyipent-1-yl- 



, 2,3,3,4-tetramethylpent-2-yl-,
2,3,4,4-tetramethylpent-2-yl-,
2,3,4,4-tetramethylpent-2- yl-,
3,3,4,4-tetrannethylpent-2-yl-,
2,2,3,4-tetramethylpent-3-yl-,
2,2,4,4-tetramethylpent- 3-yl-,
2,3,4,4-tetramethylpent-3-yl-,
2,3,4,4-tetramethylpent-3-yl-, (3-ethylhex-3-
yl)methyl-, (4-ethylhex-3-yl)methyl-,
(5-methylhept-3-yl)methyl-, 2,4-dimethyl-3-
ethylpent-1-yl-, 3,4-dimethyl-3-ethylpent-1-yl-,
4,4-dimethyl-3-ethylpent-1-yl-, 2-ethyl-2-
methylhex-1-yl-, 3-ethyl-2-methylhex-1-yl-,
4-ethyl-2-methylhex-1-yl-, 2-ethyl-3- methylhex-1-yl-,
2-ethyl-4-methylhex-1-yl-, 3-ethyl-3-methylhex-1-yl-,
3-ethyl-4- methylhex-1-yl-, 3-ethyl-5-methylhex-1-yl-,
4-ethyl-3-methylhex-1-yl-, 4-ethyl-4- methylhex-1-yl-,
4-ethyl-5-methylhex-1-yl-, and the like from
dec-1-yl-, dec-2-yl-, dec-3- yl-, dec-4-yl-,
dec-5-yl-, dec-6-yl-, undec-1-yl-, undec-2-yl-,
undec-3-yl-, undec-4-yl-, undec-5-yl-, undec-6-yl-,
undec-7-yl-, dodec-1-yl, dodec-2-yl, dodec-3-yi,
dodec-4-yl, dodec-5-yI, dodec-6-yl groups. Preferably,
the alkyl group is a straight chain or branched alkyl
group with 1 to 8 carbon atoms. The alkenyl group can
be a straight chain or branched alkenyl group having
2-12 carbon atoms. The alkenyl group can be selected
from the group consisting of: vinyl-; allyl- ;
?-methallyl-; ?-methallyl-; 1-propenyl-; isopropenyl-;
1-butenyl-; 2-butenyl-; 3-butenyl; 1- buten-2-yl-;
1-buten-3-yl-; 1-methyl-1-propenyl-;
2-methyl-1-propenyl-; 1-pentenyl-; 2- pentenyl-;
3-pentenyl-; 4-pentenyl-; 1-penten-2-yl-;
1-penten-3-yl-; 2-methyI- 1-butenyl-; 1- hexenyl-;
2-hexenyl-; 3-hexenyl-; 4-hexenyl-; 5-hexenyl-;
1-heptenyl-; 2-heptenyl-; 3- heptenyl-; 4-heptenyl-;
5-heptenyl-; 6-heptenyl-; 1-octenyl-; 2-octenyl-;
3-octenyl-; 4-octenyl- ; 5-octenyl-; 6-octenyl-;
7-octenyl-; 1-nonenyl-; 2-nonenyl-; 3-nonenyl-;
4-nonenyl-; 5- nonenyl-; 6-nonenyl-; 7-nonenyl-;
8-nonenyl-; 1-decenyl-; 2-decenyl-; 3-decenyl-;
4-decenyl- ; 5-decenyl-; 6-decenyl-; 7-decenyl-;
8-decenyl-; 9-decenyl-; 1-undecenyl; 2-undecenyl; 3-
undecenyl; 4-undecenyl; 5-undecenyl; 6-undecenyl;
7-undecenyl; 8-undecenyl; 9- undecenyl; 10-undecenyl;
1-dodecenyl; 2-dodecenyl; 3-dodecenyl; 4-dodecenyl; 5-
dodecenyl; 6-dodecenyl; 7-dodecenyl; 8-dodecenyl;
9-dodecenyl; 10-dodecenyl; 11- dodecenyl groups; and
related branched isomers. Preferably, the alkenyl
group is a straight chain or branched alkenyl group
with 2 to 8 carbon atoms.I ne aikynyi group carra
straight chain or >ranchecT alkynyl group having 2-12
carbon atoms. The alkynyl group can be selected from
the group consisting of: ethynyl-; 1- propynyl-;
2-propynyl-; 1-butynyl-; 2-butynyl-; 3-butynyl-;
1-pentynyl-; 2-pentynyl-; 3- pentynyl-; 4-pentynyl-;
1-hexynyl-; 2-hexynyl-; 3-hexynyl-; 4-hexynyl-;
5-hexynyl-; 1- heptynyl-; 2-heptynyl-; 3-heptynyl-;
4-heptynyl-; 5-heptynyl-; 6-heptynyl-; 1-octynyl-; 2-
octynyl-; 3-octynyl-; 4-octynyl-; 5-octynyl-;
6-octynyl-; 7-octynyl-; 1-nonynyl-; 2-nonynyl-; 3-
nonynyl-; 4-nonynyl-; 5-nonynyl-; 6-nonynyl-;
7-nonynyl-; 8-nonynyl-; 1-decynyl-; 2-decynyl-;
3-decynyl-; 4-decynyl-; 5-decynyl-; 6-decynyl-;
7-decynyl-; 8-decynyl-; 9-decynyl-; 1- undecynyl-;
2-undecynyl-; 3-undecynyl-; 4-undecynyl-;
5-undecynyl-; 6-undecynyl-; 7- undecynyl-;
8-undecynyl-; 9-undecynyl-; 10-undecynyl-;
1-dodecynyl-; 2-dodecynyl-; 3- dodecynyl-;
4-dodecynyl-; 5-dodecynyl-; 6-dodecynyl-;
7-dodecynyl-; 8-dodecynyl-; 9- dodecynyl-;
10-dodecynyl-; 11-dodecynyl- groups; and related
branched isomers. Preferably, the alkynyl group is a
straight chain or branched alkenyl group with 2 to 8
carbon atoms. The cycloalkyl group can be cycloalkyl
groups with 3 to 10 carbon atoms. The cycloalkyl group
can be selected from the group consisting of:
cyclopropyl-; cyclobutyl-; cyclopentyl-; cyclohexyl-;
cycloheptyl-; and cyclooctyl- groups. These groups can
be variably substituted at any position(s) around the
ring. Preferably, the cycloalkyl group is a cycloalkyl
group with 5 to 7 carbon atoms. The cycloalkenyl group
can be cycloalkenyl groups with 3 to 10 carbon atoms.
The cycloalkenyl group can be selected from the group
consisting of cyclobutenyl-; cyclopentenyl-;
cyclohexenyl-; cycloheptenyl-; and cyclooctenyl-
groups that can variably be substituted at any
position(s) around the ring. Preferably, the
cycloalkenyl group is a cycloalkenyl group with 5 to 7
carbon atoms. 



The aryl group can be selected from the group
consisting of phenyl; biphenyl; naphtyl; anthracenyl
groups; and the like. Preferably, the aryl group is a
phenyl group. The aryl-alkyl group can be a group with
7 to 18 carbons. The aryl alkyl group can be selected
from the group consisting of: benzyl-;
1-methylbenzyl-; 2-phenylethyl-; 3- phenylpropyl-;
4-phenylbutyl-; 5-phenylpentyl-; 6-phenylhexyl-;
1-naphtylmethyl; and 2-(1- naphtyl)-ethyl groups; and
the like. Preferably, the aryl alkyl group is an aryl
alkyl group with 7 to 12 carbon atoms. The
heterocyclic group can include 5- to 10-membered
heterocyclic groups containing nitrogen, oxygen, or
sulfur. The heterocyclic ring can be fused with a
cyclic or aromatic ring having 3 to 7 carbon atoms
such as benzene; cyclopropyl; cyclobutane;
cyciopentane; and cyclohexane ring systems.
Preferably, the heterocyclic ring has 5 or 6 carbon
atoms. The heterocyclic ring can be selected from the
group consisting of: furyl-; dihydrofuranyl-;
tetrahydrofuranyl-; dioxolanyl-; oxazolyl-;
dihydrooxazolyl-; oxazolidinyl-; isoxazolyl-;
dihydroisoxazolyl-; isoxazolidinyl-; oxathiolanyl-;
thienyl-; tetrahydrothienyl-; dithiolanyl-;
thiazolyl-; dihydrothiazolyl-; thiazolidinyl-;
isothiazolyl-; dihydroisothiazolyl-;
isothiazolidinyl-; pyrrolyl-; dihydropyrrolyl-;
pyrrolidinyl-; pyrazolyl-; dihydropyrazolyl-;
pyrazolidinyl-; imidazolyl-; dihydroimidazolyl-;
imidazolidinyl-; triazolyl-; dihydrotriazolyl-;
triazolidinyl-; tetrazolyl-; dihydrotetrazolyl-;
tetrazolidinyl-; pyridyl-; dihydropyridyl-;
piperidinyl-; morpholinyl-; dioxanyl-; oxathianyl-;
trioxanyl-; thiomorpholinyl-; pyridazinyl-;
dihydropyridazinyl-; tetrahydropyridazinyl-;
hexahydropyridazinyl-; pyrimidinyl-;
dihydropyrimadinyl-; tetrahydropyrimadinyl-;
hexahydropyrimadinyl-; pyrazinyl-; piperazinyl-;
pyranyl-; dihydropyranyl-; tetrahydropyranyl-;
thiopyranyl-; dihydrothiopyranyl-;
tetrahydrothiopyranyl-; dithianyl-; purinyl-;
pyrimidinyl-; pyrrolizinyl-; pyrrolizidinyl; indolyl-;
dihydroindolyl-; isoindolyl-; indolizinyl-;
indolizidinyl-; quinolyl-; dihydroquinolyl-;
tetrahydroquinolyl-; isoquinolyl-; dihydroquinolyl-;
tetrahydroquinolyl-; quinolizinyl-; quinolizidinyl-;
phenanthrolinyl-; chromenyl-; chromanyl-;
isochromenyl-; isochromanyl-; benzofuranyl-; and
carbazolyl- groups; and the like. The alkoxy group can
be a straight chain or branched alkoxy group having
2-12 carbon atoms such as methoxy; ethoxy; propyloxy;
isopropyloxy; butyloxy; isobutyloxy; tertbutyloxy;
pentyloxy; hexyloxy; heptyloxy; or octyloxy. The
alkenyloxy group can be a straight chain or branched
alkenyloxy group having 2-12 carbon atoms. The
alkenyloxy group can be selected from the group
consisting of: ethynyloxy-; 1-propynyloxy-;
2-propynyloxy-; 1-butynyloxy-; 2-butynyloxy-;
3-butynyloxy-; 1- pentynyloxy-; 2-pentynyloxy-;
3-pentynyloxy-; 4-pentynyloxy-; 1-hexynyloxy-;
2-hexynyloxy-; 3-hexynyloxy-; 4-hexynyloxy-;
5-hexynyloxy-; 1-heptynyloxy-; 2-heptynyIoxy-; 3-
heptynyloxy-; 4-heptynyloxy-; 5-heptynyloxy-;
6-heptynyloxy-; 1-octynyloxy-; 2-octynyloxy-;
3-octynyloxy-; 4-octynyloxy-; 5-octynyloxy-;
6-octynyloxy-; 7-octynyloxy-; 1-nonynyloxy-; 2-
nonynyloxy-; 3-nonynyl-oxy-; 4-nonynyloxy-;
5-nonynyloxy-; 6-nonynyloxy-; 7-nonynyloxy-;
8-nonynyloxy-; 1-decynyloxy-; 2-decynyloxy-;
3-decynyloxy-; 4-decynyloxy-; 5-decynyloxy-;
6-decynyloxy-; 7-decynyloxy-; 8-decynyloxy-;
9-decynyloxy-; 1-undecynyloxy-; 2- undecynyloxy-;
3-undecynyloxy-; 4-undecynyloxy-; 5-undecynyloxy-;
6-undecynyloxy-; 7- undecynyloxy-; 8-undecynyloxy-;
9-undecynyloxy-; 10-undecynyloxy-; 1-dodecynyloxy-; 2-
dodecynyloxy-; 3-dodecynyloxy-; 4-dodecynyloxy-;
5-dodecynyloxy-; 6-dodecynyloxy-; 7- dodecynyloxy-;
8-dodecynyloxy-; 9-dodecynyloxy-; 10-dodecynyloxy-;
and 11- dodecynyloxy- groups; and related branched
isomers. Preferably, the alkenyloxy group is astraight
chain or branched alkenyloxy groups with-2 o 8 carbon
atoms. The aryloxy group can be an aryloxy group, such
as a phenoxy or naphtyloxy group (e.g.: phenoxy;
2-methylphenoxy; 3-methylphenoxy; 4-methylphenoxy;
2-allylphenoxy; 2- chlorophenoxy; 3-chlorophenoxy;
4-chlorophenoxy; 4-methoxyphenoxy; 2-allyloxyphenoxy;
naphtyloxy; and the like). The group can optionally be
substituted with an alkyl or alkenyl or alkoxy group
having 1 to 4 carbon atoms or halogens. The
aryl-alkyloxy group can be benzyloxy or
2-phenylethyloxy. The alkylamino group can be a
straight chain or branched alkylamino group having 



2-12 carbon atoms such as: methylamino; ethylamino;
propylamino; isopropylamino; butylamino;
isobutylamino; tert-butylamino; pentylamino;
hexylamino; heptylamino; or octylamino. The
alkenyl-amino group can be a straight chain or
branched alkenylamino group having 2-12 carbon atoms.
The alkenyl amino group can be selected from the group
consisting of: ethynylamino-; 1-propynylamino-;
2-propynylamino-; 1-butynylamino-; 2- butynylamino-;
3-butynylamino-; 1-pentynylamino-; 2-pentynylamino-;
3-pentynylamino-; Apentynylamino-; 1-hexynylamino-;
2-hexynylamino-; 3-hexynylamino-; 4-hexynylamino-; 5-
hexynylamino-; 1-heptynylamino-;2 -heptynylamino-;
3-heptynylamino-; 4-heptynylamino-; 5-heptynylamino-;
6-heptynylamino-; 1-octynylamino-; 2-octynylamino-;
3-octynylamino-; Aoctynylamino-; 5-octynylamino-;
6-octynylamino-; 7-octynylamino-; 1-nonynylamino-; 2-
nonynylamino-; 3-nonynyl-amino; 4-nonynylamino-;
5-nonynylamino-; 6-nonynylamino-; 7- nonynylamino-;
8-nonynylamino-; 1-decynylamino-; 2-decynylamino-;
3-decynylamino-; Adecynylamino-; 5-decynylamino-;
6-decynylamino-; 7-decynylamino-; 8-decynylamino-; 9-
decynylamino-; 1-undecynylamino-; 2-undecynylamino-;
3-undecynylamino-; Aundecynylamino-;
5-undecynylamino-; 6-undecynylamino-;
7-undecynylamino-; 8- undecynylamino-;
9-undecynylamino-; 10-undecynylamino-;
1-dodecynylamino-; 2- dodecynylamino-;
3-dodecynylamino-; 4-dodecynylamino-;
5-dodecynylamino-; 6- dodecynylamino-;
7-dodecynylamino-; 8-dodecynylamino-;
9-dodecynylamino-; 10- dodecynylamino-; and
11-dodecynylamino- groups; and related branched
isomers. Preferably, the alkenyl amino group is a
straight chain or branched alkenylamino group with 2
to 8 carbon atoms. The arylamino group can be an
arylamino group such as a phenylamino or naphtylamino
group, optionally substituted with an alkyl or alkenyl
or alkoxy group having 1 to 4 carbon atoms, or
halogens. The arylamino group can be selected from the
group consisting of: phenylamino; 2-methylphenylamino;
3-methylphenylamino; Amethylphenylamino ; 2-allylphe
ylamino; 2-chlorophenylamino; 3-chloropTienylamin);
Achlorophenylamino; 4-methoxyphenylamino;
2-allyloxyphenylamino; naphtylamino; and the like. The
arylalkylamino group can be benzylamino or
2-phenylethylamino. The alkylthio group can be an
alkylthio group having 1 to 8 carbon atoms. The
alkylthio group can be selected from the group
consisting of: methylthio; ethylthio; propylthio;
butylthio; isobutylthio; and pentylthio. The
alkenylthio group can be a straight chain or branched
alkenylthio group having 1 to 8 carbon atoms. The
alkenylthio group can be selected from the group
consisting of: ethynylthio-; 1-propynylthio-;
2-propynylthio-; 1-butynylthio-; 2-butynylthio-;
3-butynylthio-; 1- pentynylathio-; 2-pentynylthio-;
3-pentynylthio-; 4-pentynylthio-; 1-hexynylthio-; 2-
hexynylthio-; 3-hexynylthio-; 4-hexynylthio-;
5-hexynylthio-; and the like. The arylrthio group can
be an alkenylthio group having 1 to 8 carbon atoms
such as a phenylthio or naphtylthio group, which can
optionally be substituted with an alkyl or alkenyl or
alkoxy group having 1 to 4 carbon atoms; and also
halogens, e.g.: phenylthio; 2- methylphenylthio;
3-methylphenylthio; 4- methylphenylthio;
2-allylphenylthio; 2- chlorophenylthio;
3-chlorophenylamini; 4-chlorophenylthio;
4-methoxyphenylthio; 2- allyloxyphenylthio;
naphtylthio; and the like. The arylalkylthio group can
be an alkenylthio group having 1 to 8 carbon atoms
such as a benzylthio- group or a
2-phenylethylthio-group. The alkoxycarbonyl group can
be: methoxycarbonyl; ethoxycarbonyl; or the like. The
substituted or unsubstituted carbamoyl group can be:
carbamoyl; methylcarbamoyl; dimethylcarbamoyl;
diethylcarbamoyl; or the like. The acyl group can be
an acyl group with 1 to 8 carbon atoms such as:
formyl; acetyl; propionyl; or benzoyl groups; or the
like. The alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
aryl alkyl, heterocyclic, alkoxy, alkenyloxy, 



aryloxy, aryl-alkyloxy, alkylamino, alkenylamino,
arylamino, arylalkylamino, alkylthio, alkenylthio,
arylthio, arylalkylthio, alkoxycarbonyl, substituted
and unsubstituted carbamoyl and acyl groups mentioned
above can optionally be substituted. Examples of
substituents include: halogens (F; Cl; Br; I);
hydroxyl groups; mercapto groups; carboxylates; nitro
groups; cyano groups; substituted or unsubstituted
amino groups (including amino, methylamino,
dimethylamino, ethylamino, diethylamino, and various
protected amines suchjs tert-bufoxycarbonyl- ana
arylsulforiam cli groujDsJfalkoxy grups~(hav ng-1~to
d'carb sn - atoms such as methoxy, ethoxy, propyloxy,
isopropyloxy, butyloxy, isobutyloxy, tertbutyloxy,
pentyloxy, hexyloxy, heptyloxy or octyloxy);
alkenyloxy groups (having 2 to 8 carbon atoms such as
a vinyloxy; allyloxy; 3-butenyloxy or 5-hexenyloxy);
aryloxy groups (such as a phenoxy or naphtyloxy group
which can be optionally substituted with' an alkyl or
alkenyl or alkoxy group having 1 to 4 carbon atoms;
and also halogens, e.g., phenoxy, 2- methylphenoxy,
3-methylphenoxy, 4-methylphenoxy, 2-allylphenoxy,
2-chlorophenoxy, 3- chlorophenoxy, 4-chlorophenoxy,
4-methoxyphenoxy, 2-allyloxyphenoxy, naphtyloxy, and
the like); aryl alkyloxy groups (e.g., benzyloxy and
2-phenylethyloxy); alkylthio groups (having 1 to 8
carbon atoms such as methylthio, ethylthio,
propylthio, butylthio, isobutylthio, pentylthio);
alkoxycarbonyl groups (e.g. methoxycarbonyl,
ethoxycarbonyl, and the like); substituted or
unsubstituted carbamoyl group (e.g. carbamoyl,
methylcarbamoyl, dimethylcarbamoyl, diethylcarbamoyl
and the like); acyl groups (with 1 to 8 carbon atoms
such as formyl, acetyl, propionyl, or benzoyl groups);
and others. The above-mentioned cycloalkyl,
cycloalkenyl, aryl, aryl alkyl, heterocyclic, alkoxy,
alkenyloxy, aryloxy, aryl alkyloxy, alkylthio, and
alkoxycarbonyl groups can also be substituted with
alkyl groups having 1 to 5 carbon atoms, alkenyl
groups with 2 to 5 carbon atoms, or haloalkyl groups
with 1 to 5 carbon atoms in addition to the
substituents specified above. The number of
substituents can be one or more than one. The
substituents can be the same or different. One of the
Ri or R2 or R3 groups can be a functional group. The
functional group is selected from the group consisting
of: halo, pseudohalo, hydroxyl, variably substituted
mercapto, variably substituted sulfinyl, variably
substituted sulfonyl, carboxylates, variably
substituted amino, variably substituted amido,
variably substituted ureido, variably substituted
carbamoyl, and variably substituted urethano.
Pseudohalo is nitro, cyano, azido, cyanato,
isocyanato, or isothiocyanato. Ri and R2 together can
also be present as a saturated or unsaturated
optionally substituted carbocycle or a heterocycle
having 5 to 12 carbon atoms, such as: cyclopentane;
cyclohexane; cyclohexene; cyclohexadiene;
cycloheptane; cyclooctane; cyclononane; or
cyclodecane. As used herein, a "variably substituted"
group is a group that is unsubstituted or is
substituted with one or more, in another embodiment
one to five, in another embodiment one, two or three,
substituents.olypeptide" and "protein"~are used
interchangeably and mean any peptide-linked chain of
amino acids, regardless of length or
post-translational modification. The invention also
features YEIH polypeptides with conservative
substitutions. Conservative substitutions typically
include substitutions within the following groups:
glycine and alanine; valine, isoleucine, and leucine;
aspartic acid and glutamic acid; asparagine,
glutamine, serine and threonine; lysine, histidine and
arginine; and phenylalanine and tyrosine. The term
"isolated" polypeptide or peptide fragment, as used
herein, refers to a polypeptide or a peptide fragment
which either has no naturally-occurring counterpart or
has been separated or purified from components which
naturally accompany it, e.g., microorganism cellular
components such as yeast cell cellular components.
Typically, the polypeptide or peptide fragment is
considered "isolated" when it is at least 70%, by dry
weight, free from the proteins and other
naturally-occurring organic molecules with which it is
naturally associated. Preferably, a preparation of a
polypeptide (or peptide fragment 



thereof) of the invention is at least 80%, more
preferably at least 90%, and most preferably at least
99%, by dry weight, the polypeptide (or the peptide
fragment thereof), respectively, of the invention.
Thus, for example, a preparation of polypeptide X is
at least 80%, more preferably at least 90%, and most
preferably at least 99%, by dry weight, polypeptide X.
Since a polypeptide that is chemically synthesized is,
by its nature, separated from the components that
naturally accompany it, the synthetic polypeptide is
"isolated." A n isolated polypeptide (or peptide
fragment) of the invention can be obtained, for
example, by: extraction from a natural source (e.g.,
from yeast cells); expression of a recombinant nucleic
acid encoding the polypeptide; or chemical synthesis.
A polypeptide that is produced in a cellular system
different from the source from which it naturally
originates is "isolated," because it will necessarily
be free of components which naturally accompany it.
The degree of isolation or purity can be measured by
any appropriate method, e.g., column chromatography,
polyacrylamide gel electrophoresis, or HPLC analysis.
An "isolated DNA" is either (1) a DNA that contains
sequence not identical to that of any naturally
occurring sequence, or (2), in the context of a DNA
with a naturally-occurring sequence (e.g., a cDNA or
genomic DNA), a DNA free of at least one of the genes
that flank the gene containing the DNA of interest in
the genome of the organism in which the gene
containing the DNA of interest naturally occurs. The
term therefore includes a recombinant DNA incorporated
into a vector, into an autonomously replicating
plasmid or virus, or into the genomic DNA of a
prokaryote or eukaryote. The term also includes
aseparate molecule such as: a cDNA (e.g., SEQ ID NOs:
8, 9, 10, 1-1, 12, 13 or 14) where the corresponding
genomic DNA has introns and therefore a different
sequence; a genomic fragment that lacks at least one
of the flanking genes; a fragment of cDNA or genomic
DNA produced by polymerase chain reaction (PCR) and
that lacks at least one of the flanking genes; a
restriction fragment that lacks at least one of the
flanking genes; a DNA encoding a non-naturally
occurring protein such as a fusion protein, mutein, or
fragment of a given protein; and a nucleic acid which
is a degenerate variant of a cDNA or a naturally
occurring nucleic acid. In addition, it includes a
recombinant nucleotide sequence that is part of a
hybrid gene, i.e., a gene encoding a non-naturally
occurring fusion protein. Also included is a
recombinant DNA that includes a portion of any of SEQ
ID NOs: 8-1 4. It will be apparent from the foregoing
that isolated DNA does not mean a DNA present among
hundreds to millions of other DNA molecules within,
for example, cDNA or genomic DNA libraries or genomic
DNA restriction digests in, for example, a restriction
digest reaction mixture or an electrophoretic gel
slice. As used herein, a "functional fragment" of a
YEIH is a fragment of the YEIH that is shorter than
the full-length polypeptide and has at least 20%
(e.g., at least: 30%; 40%; 50%; 60%; 70%; 80%; 90%;
95%; 98%; 99%; 100%, or more) of the ability of the
full-length polypeptide to enantioselectively
hydrolyse a IE of interest. Fragments of interest can
be made by either of recombinant, synthetic, or
proteolytic digestive methods and tested for their
ability to enantioselectively hydrolyse a IE. As used
herein, "operably linked", as applied to a coding
sequence of interest, means incorporated into a
genetic construct so that an expression control
sequence in the genetic construct effectively controls
expression of the coding sequence. Unless otherwise
defined, all technical and scientific terms used
herein have the same meaning as commonly understood by
one of ordinary skill in the art to which this
invention pertains. In case of conflict, the present
document, including definitions, will control.
Preferred methods and materials are described below,
although methods and materials similar or equivalent
to those described herein can be used in the practice
or testing of the present invention. All publications,
patent applications, patents and other references
mentioned herein are incorporated by reference in
their entirety. The materials, methods, and examples
disclosed herein are illustrative only and not
intended to be limiting. 



Other features and advantages of the invention, e.g.,
IE and ID preparations substantially enriched for one
optical enantiomer, will be apparent from the
following description, from the drawings and from the
claims.DESCRIPTION OF DRAWINGS Fig. 1 is a depiction
of the chemical structures of representative epoxides
of general formula (I), (II), (III) and (VII) used to
demonstrate the use of YEIH for the synthesis of IE
and ID. Fig. 2 is a GC (gas chromatography)/MS (mass
spectrometry) profile of the reaction mixture of the
hydrolysis of linoleic acid bisepoxide by the YEIH of
Rhodotorula glutinis UOFS Y-0123. Fig. 3 is a
depiction of the chemical structures of products
formed during the hydrolysis of linoleic acid
bisepoxide by theYEIH of Rhodotorula glutinis UOFS
Y-0123). Fig. 4 is a depiction of the chemical
structure of the compound corresponding to the major
MS peak generated during hydrolysis of linoleic acid
bisepeoxide by a YEIH. The compound is
10,13-dihydroxy-9 (12)-oxyoctadecanoate. Fig. 5 is a
restriction map of the pYLHmA (plNA1291) expression
vector used to generate YL-HmA transformants (Yarrowia
Lipolytica expression vector, with Hp4d promoter,
Multi-copy integration selection, A = no secretion
signal). The positions of the hp4d promoter and LIP2
terminator and of unique restriction sites available
for the insertion of coding sequences are indicated.
Fig. 6 is a restriction map of the pYL-TsA (plNA3313)
integrative vector used to generate YL-Tsa
transformants. Restriction enzyme sites include the
unique sites available for insertion of sequences
under control of the TEF promoter and LIP2 terminator.
Figs. 7A and 7B are line graphs showing the
enantioselective hydrolysis of trans- 1-phenylpropene
oxide by Trichosporon mucoides NCYC 3206. Fig. 7A
shows the change in concentrations of the IE and ID
enantiomers with time. The ID forms in an
enantioconvergent fashion. B oth IE enantiomers are
hydrolysed (at different rates) but only one of the ID
enantiomers is formed during the first 58% conversion
of the epoxide. In this figure and Figs. 8-17 below,
the biocatalyst loadings are indicated in brackets
beside the strain names in each graph. The percentage
biocatalyst loading refers to a percentage wet weight
of yeast cells in the aqueous fraction of the reaction
matrix. The value of the percentage wet weight of
biocatalyst is approximately five-fold the value of
the equivalent dry weight of biocatalyst; and the
substrate used in the biotransformation is indicated
at the top of the figure and its starting
concentration is shown in brackets.Fig. 7B shows the
enatfomec excess of the (IR- 2R)-IE and the (1S;2R)-ID
at different conversions. Figs. 8A and 8B show the
enantioselective hydrolysis of trans-1-phenylpropene
oxide by recombinant host strains transformed with the
YEIH of Rhodosporidium toruloides strains (#46 = UOFS
Y-0471 and # 1 = NCYC 3 18 1) . Figs. 9A and 9B show
the asymmetrisation of c/s-2,3-epoxybutane to
(R,R)-2,3- butanediol by Rhodotorula glutinis NCYC
3203 (Fig. 9A) and Rhodotorula araucariae NCYC 3183
(Fig. 9B). The lefty-axis (and lines with shaded
circle and triangle data points) in each graph show
the changes in concentrations of the optically active
ID products at the time points indicated on the x-axis
and the right y-axis (and lines with shaded
diamond-shaped data points) in each graph show the
enantiomeric excesses ("ee") of the formed optically
active ID at the time points indicated on the x-axis.
Figs. 1OA and 1OB show the asymmetrisation of
c/s-2,3-epoxybutane to (R R)- 2,3-butanediol by
recombinant host strains YL-25 HmA and YL-46 HmA
expressing the YEIH from Rhodotorula araucariae (#25 =
NCYC 3183) (Fig. 10A) and Rhodoporidium toruloides
(#46 = UOFS Y-0471) (Fig. 10B). The left y-axis (and
lines with shaded circle, square and triangle data
points) in each graph show the changes in
concentrations of the optically active ID products at
the time points indicated on the xaxis 



and the right y-axis (and lines with shaded
diamond-shaped data points) in each graph show the
enantiomeric excesses ("ee") of the formed optically
active ID at the time points indicated on the x-axis.
Fig. 11 is a line graph showing the hydrolysis of
indene oxide by Rhodotorula glutinis NCYC 3186 to
produce optically active ( 1 R,2S)- indene oxide. The
lines with shaded circle and shaded triangle data
points show the changes in concentrations of the IE at
the time points indicated on the x-axis. Figs. 12A-C
are line graphs showing the hydrolysis of indene oxide
by YL-TsA and YL-HmA transformants expressing the
epoxide hydrolases of # 1 {Rhodosporidium toruloides
NCYC 3181) (Fig. 12A), #23 (Rhodotorula mucilaginosa
UOFS Y-0198) (Fig. 12B) and #692 (Rhodosporidium
paludigenum NCYC 3179) (Fig. 12C). For the reaction
with YL-692 HmA, double the amount of indene oxide
(200 mM) was used compared to the other reactions.
Fig. 13 is a line graph that shows the hydrolysis of
indene oxide by YL-692 HmAat 2.5 % wet weight cell
loading (equart  0.5% dry weight catalyst) and 200 TnM
intiene oxide. Fig. 14 is a line graph that shows
shows the hydrolysis of indene oxide at 2M substrate
loading and 15% wet weight cell loading of the
catalyst in the aqueous phase. Fig. 15 is a line graph
that shows the correlation of the enantiomeric
excesses at different conversions during the
hydrolysis of indene oxide at 200 mM and 2M indene
oxide. Fig. 16 is a line graph showing the hydrolysis
of (+)-limonene-1 ,2-epoxide by a wild type yeast
strain, Pichia haplophila NCYC 3176. Fig. 17 is a line
graph showing the hydrolysis of 6,7-epoxygeranyl-1-ol
by a Yarrowia lipolytica transformant expressing the
epoxide hydrolase from Rhodosporidium toruloides NCYC
3181 (YL-IHmA). Fig. 18 is a depiction of the amino
acid sequence (SEQ ID NO:1) of a YEIH encoded by cDNA
derived from a Rhodosporidium toruloides strain
(assigned accession no. NCYC 3181 (#1)). Fig. 19 is a
depiction of the amino acid sequence (SEQ ID NO:2) of
a YEIH encoded by cDNA derived from a Rhodosporidium
toruloides strain (assigned accession no. UOFS Y-0471
(#46)). Fig. 20 is a depiction of the amino acid
sequence (SEQ ID NO:3) of a YEIH encoded by cDNA
derived from a Rhodosporidium paludigenum strain
(assigned accession no. NCYC 3179 (#692)). Fig. 21 is
a depiction of the amino acid sequence (SEQ ID NO:4)
of a YEIH encoded by cDNA derived from a
Rhodosporidium araucariae strain (assigned accession
no. NCYC 3183 (#25)). Fig. 22 is a depiction of the
amino acid sequence (SEQ ID NO:5) of a YEIH encoded by
cDNA derived from a Cryptococcus curvatus strain
(assigned accession no. NCYC 3158 (Car 054)). Fig. 23
is a depiction of the amino acid sequence (SEQ ID
NO:6) of a YEIH encoded by cDNA derived from a
Filobasidiella (Cryptococcus) neoformans var
neoformans (strain #777) (assigned Genbank accession
no. XMJ568708).Fig. 24 is a depiction of the amino
acid sequence (SEQ ID NO:7) of a YEIH encoded by cDNA
derived from a Rhodotorula mucilaginosa strain
(assigned accession no. NCYC 3190 (#23)). Fig. 25 is a
depiction of the nucleotide sequence (SEQ ID NO:8) of
a YEIH encoding cDNA derived from a Rhodosporidium
toruloides strain (assigned accession no. NCYC 3181
(#1)). Fig. 26 is a depiction of the nucleotide
sequence (SEQ ID NO:9) of a YEIH encoding cDNA derived
from a Rhodosporidium toruloides strain (assigned
accession no. UOFS Y-0471 (#46)). 



Fig. 27 is a depiction of the nucleotide sequence (SEQ
ID NO:10) of a YEIH encoding cDNA derived from a
Rhodosporidium paludigenum strain (assigned accession
no. NCYC 3179 (#692)). Fig. 28 is a depiction of the
nucleotide sequence (SEQ ID NO:1 1) of a YEIH encoding
cDNA derived from a Rhodosporidium araucariae strain
(assigned accession no. NCYC 3183 (#25)). Fig. 29 is a
depiction of the nucleotide sequence (SEQ ID NO:12) of
a YEIH encoding cDNA derived from a Cryptococcus
curvatus strain (assigned accession no. NCYC 3158 (Car
054)). Fig. 30 is a depiction of the nucleotide
sequence (SEQ ID NO: 13) of a YEIH encoding cDNA
derived from a Filobasidiella neoformans var
neoformans (strain #777) (assigned Genbank accession
no. XM_568708). Fig. 31 is a depiction of the
nucleotide sequence (SEQ ID NO:14) of a YEIH encoding
cDNA derived from a Rhodotorula mucilaginosa strain
(assigned accession no. NCYC 3190 (#23)). Fig. 32 is a
table showing the homology at the amino acid level of
yeast epoxide hydrolases that are enantioselective for
IE. Fig. 33 is a table showing the homology at the
nucleotide level of yeast epoxide hydrolases that are
enantioselective for IE. Figs. 34A-F are a depiction
of amino acid sequence alignments of the YEIH of SEQ
ID NO: 1-7. Regions of 50% or greater identity are
boxed and identical amino acids are shaded in black.
Gaps in individual sequences are represented by
"."CoservecTseqence motifs and regions surrounding fr
e'catalyticrtriad-are als -- indicated. The
nucleophile, acid and base of the catalytic triad are
indicated by N, A and B, respectively. HGXP represents
the region of the oxy-anion hole of the enzyme. sxNxss
represents the genetic motif found in a/b-hydrolase
fold enzymes.DETAILED DESCRIPTION Various aspects of
the invention are described below. Nucleic Acid
Molecules The YEIH nucleic acid molecules of the
invention, or those useful for the invention, can be
cDNA, genomic DNA, synthetic DNA, or RNA, and can be
double-stranded or single-stranded (i.e., either a
sense or an antisense strand). Segments of these
molecules are also considered within the scope of the
invention, and can be produced by, for example, the
polymerase chain reaction (PCR) or generated by
treatment with one or more restriction endonucleases.
A ribonucleic acid (RNA) molecule can be produced by
in vitro transcription. Preferably, the nucleic acid
molecules encode polypeptides that, regardless of
length, are soluble under normal physiological
conditions. The nucleic acid molecules of the
invention can contain naturally occurring sequences,
or sequences that differ from those that occur
naturally, but, due to the degeneracy of the genetic
code, encode the same polypeptide (for example, the
polypeptides with SEQ ID NOS: 1 - 7). In addition,
these nucleic acid molecules are not limited to coding
sequences, e.g., they can include some or all of the
non-coding sequences that lie upstream or downstream
from a coding sequence. Nucleic acid molecules of the
invention, or those useful for the invention, can be
synthesized (for example, by phosphoramidite-based
synthesis) or obtained from a biological cell, such as
the cell of a eukaryote (e.g., a mammal such as human
or a mouse or a yeast such as any of the genera,
species, and strains of yeast disclosed herein) or a
prokarote (e.g., a bacterium such as Escherichia
coli). The nucleic acids can be those of a yeast such
as any of the genera, species, and strains of yeast
disclosed herein. Combinations or modifications of the
nucleotides within these types of nucleic acids are
also encompassed by the invention. In addition, the
isolated nucleic acid molecules of the invention
include segments that are not found as such in the
natural state. Thus, the invention encompasses
recombinant 



nucleic acid molecules (for example, isolated nucleic
acid molecules encoding the polypeptides of SEQ ID
NOs: 1- 7) incorporated into a vector (for example, a
plasmid or viral vector) or into the genome of a
heterologous cell (or the genome of a homologous cell,
at a position other than the natural chromosomal
location). Recombinant nucleic acid molecules and uses
thereof are discussed further below.Techniques
associated with detection or regulation of genes are
well known to skilled artisans. Such techniques can be
used, for example, to test for expression of a YEIH
gene in a test cell (e.g. a yeast cell) of interest. A
YEIH family gene or protein can be identified based on
its similarity to the relevant YEIH gene or protein,
respectively. For example, the identification can be
based on sequence identity. The invention features
isolated nucleic acid molecules which are, or are at
least 50% (e.g., at least: 55%; 60%; 65%; 75%; 85%;
95%; 98%; or 99%) identical to: (a) a nucleic acid
molecule that encodes the polypeptide of SEQ ID NOs:
1-7; (b) the nucleotide sequence of SEQ ID NOs: 8-14;
(c) a nucleic acid molecule which includes a segment
of at least 15 (e.g., at least: 20; 25; 30; 35; 40;
50; 60; 80; 100; 125; 150; 175; 200; 250; 300; 350;
400; 500; 600; 700; 800; 900; 1,000; 1,100; 1,181;
1,182; 1,183; 1,184; 1,200; 1,201; 1,202; 1,203;
1,204; 1,205; 1,220; 1,225; 1,228; 1,230; 1,231;
1,232; 1,233; 1,234; or 1,235) nucleotides of SEQ ID
NOs: 8-14; (d) a nucleic acid molecule encoding any of
the polypeptides or fragments thereof disclosed below;
and (e) the complement of any of the above nucleic
acid molecules. The complements of the above molecules
can be full-' length complements or segment
complements containing a segment of at least 15 (e.g.,
at least: 20; 25; 30; 35; 40; 50; 60; 80; 100; 125;
150; 175; 200; 250; 300; 350; 400; 500; 600; 700; 800;
900; 1,000; 1,100; 1,181; 1,182; 1,183; 1,184; 1,200;
1,201; 1,202; 1,203; 1,204; 1,205; 1,220; 1,225;
1,228; 1,230; 1,231; 1,232; 1,233; 1,234; or 1,235)
consecutive nucleotides complementary to any of the
above nucleic acid molecules. Identity can be over the
full-length of SEQ ID NOs: 8-14 or over one or more
contiguous or non-contiguous segments. The
determination of percent identity between two
sequences is accomplished using the mathematical
algorithm of Karlin and Altschul, Proc. Natl. Acad.
ScL USA 90, 5873- 5877, 1993. Such an algorithm is
incorporated into the BLASTN and BLASTP programs of
Altschul etal. (1990) J. MoI. Biol. 215, 403-410.
BLAST nucleotide searches are performed with the
BLASTN program, score = 100, wordlength = 12, to
obtain nucleotide sequences homologous to
YEIH-encoding nucleic acids. BLAST protein searches
are performed with the BLASTP program, score = 50,
wordlength = 3, to obtain amino acid sequences
homologous to the YEIH polypeptide. To obtain gapped
alignments for comparative purposes, Gapped BLAST is
utilized as described in Altschul et al. (1997)
Nucleic Acids Res. 25, 3389-3402. When utilizing BLAST
and Gapped BLAST programs, the default parameters of
the respective programs (e.g., XBLAST and NBLAST) are
used. Hybridization can also be used as a measure of
homology between two nucleic acidsequences. A
YEIH-encoding nucleic acid sequence, or a portion
thereof, can be used as a hybridization probe
according to standard hybridization techniques. The
hybridization of a YEIH probe to DNA or RNA from a
test source (e.g., a mammalian cell) is an indication
of the presence of YEIH DNA or RNA in the test source.
Hybridization conditions are known to those skilled in
the art and can be found in Current Protocols in
Molecular Biology, John Wiley & Sons, N.Y.,
6.3.1-6.3.6, 1991. Moderate hybridization conditions
are defined as equivalent to hybridization in 2X
sodium chloride/sodium citrate (SSC) at 3O0C, followed
by a wash in 1 X SSC, 0.1% SDS at 5O0C. Highly
stringent conditions are defined as equivalent to
hybridization in 6X sodium chloride/sodium citrate
(SSC) at 450C, followed by a wash in 0.2 X SSC, 0.1%
SDS at 650C. The invention also encompasses: (a)
vectors (see below) that contain any of the foregoing
YEIH coding sequences (including coding sequence
segments) and/or their complements (that is,
"antisense" sequences); (b) expression vectors that
contain any of the foregoing YEIH coding sequences
(including coding sequence segments) operably 



linked to one or more transcriptional and/or
translational regulatory elements (TRE; examples of
which are given below) necessary to direct expression
of the coding sequences; (c) expression vectors
encoding, in addition to a YEIH polypeptide (or a
fragment thereof), a sequence unrelated to YEIH, such
as a reporter, a marker, or a signal peptide fused to
YEIH; and (d) genetically engineered host cells (see
below) that contain any of the foregoing expression
vectors and thereby express the nucleic acid molecules
of the invention. Recombinant nucleic acid molecules
can contain a sequence encoding a YEIH polypeptide or
a YEIH polypeptide having an heterologous signal
sequence. The full length YEIH polypeptide, or a
fragment thereof, can be fused to such heterologous
signal sequences or to additional polypeptides, as
described below. Similarly, the nucleic acid molecules
of the invention can encode the mature form of a YEIH
or a form that includes an exogenous polypeptide that
facilitates secretion. The TRE referred to above and
further described below include, but are not limited
to, inducible and non-inducible promoters, enhancers,
operators and other elements that are known to those
skilled in the art and that drive or otherwise
regulate gene expression. Such regulatory elements
include but are not limited to the cytomegalovirus
hCMV immediate early gene, the early or late promoters
of SV40 adenovirus, the lac system, the trp system,
the LAC system, the TRC system, the major operator and
promoter regions of phage A, the control regions of fd
coat protein, the promoter for 3-phosphoglycerate
kinase, thepromoters of acid phosphatase, and the
promoters of the yeast a-mating factors. Other useful
TRE are listed in the examples below. Similarly, the
nucleic acid can form part of a hybrid gene encoding
additional polypeptide sequences, for example, a
sequence that functions as a marker or reporter.
Examples of marker and reporter genes include
b-lactamase, chloramphenicol acetyltransferase (CAT),
adenosine deaminase (ADA), aminoglycoside
phosphotransferase (neor, G418r) , dihydrofolate
reductase (DHFR), hygromycin-B-phosphotransferase
(HPH), thymidine kinase (TK), lacZ (encoding
b-galactosidase), and xanthine guanine
phosphoribosyltransferase (XGPRT), and green, blue, or
yellow fluorescent protein. As with many of the
standard procedures associated with the practice of
the invention, skilled artisans will be aware of
additional useful reagents, for example, additional
sequences that can serve the function of a marker or
reporter. Generally, the hybrid polypeptide will
include a first portion and a second portion; the
first portion being YEIH polypeptide (including of
YEIH fragments described below) and the second portion
being, for example, the reporter described above or an
Ig heavy chain constant region or part of an Ig heavy
chain constant region, e.g., the CH2 and CH3 domains
of lgG2a heavy chain. Other hybrids could include an
antigenic tag or a poly-Histidine (e.g.,
hexahistidine) tag to facilitate purification. The
expression systems that can be used for purposes of
the invention include, but are not limited to,
microorganisms such as yeasts (e.g, any of the genera,
species or strains listed herein) or bacteria (for
example, E. coli and S. subtilis) transformed with
recombinant bacteriophage DNA, plasmid DNA, or cosmid
DNA expression vectors containing the nucleic acid
molecules of the invention; yeast (for example,
Saccharomyces, Kluyveromyces, Hansenula,P ichia,Yar
rowia, Arxula,C anoVda.and other genera, species, and
strains listed herein) transformed with recombinant
yeast expression vectors containing the nucleic acid
molecule of the invention; insect cell systems
infected with recombinant virus expression vectors
(for example, baculovirus) containing the nucleic acid
molecule of the invention; plant cell systems infected
with recombinant virus expression vectors (for
example, cauliflower mosaic virus (CaMV) or tobacco
mosaic virus (TMV)) or transformed with recombinant
plasmid expression vectors (for example, Ti plasmid)
containing a YElH polypeptide-encoding nucleotide
sequence; or mammalian cell systems (for example, COS,
CHO, BHK, 293, VERO, HeLa, MDCK, VVI38, and NIH 3T3
cells) harboring recombinant expression constructs
containing promoters derived from the genome of
mammalian cells 



(for example, the metallothionein promoter) or from
mammalian viruses (for example, the adenovirus late
promoter and the vaccinia virus 7.5K promoter). Also
useful as host cells are primary or secondary cells
obtained directly from a mammal and transfected with
aptasmid vector or infected with a viral vector. The
invention includes wild-type and recombinant cells
including, but not limited to, yeast cells (e.g., any
of those disclosed herein) containing any of the above
YEIH polypeptide-encoding sequences, nucleic acid
molecules, and genetic constructs. Other cells that
can be used as host cells are listed herein. The cells
are preferably isolated cells. As used herein, the
term "isolated" as applied to a microorganism (e.g., a
yeast cell) refers to a microorganism which either has
no naturally-occurring counterpart (e.g., a
recombinant microorganism such as a recombinant yeast)
or has been extracted and/or purified from an
environment in which it naturally occurs. Thus, an
"isolated microorganism" does not include one residing
in an environment in which it naturally occurs, for
example, in the air, outer space, the ground, oceans,
lakes, rivers, and streams and the like, ground at the
bottom of oceans, lakes, rivers, and streams and the
like, snow, ice on top of the ground or in/on oceans
lakes, rivers, and streams and the like, man-made
structures (e.g., buildings), or in natural hosts
(e.g., plant, animal or microbial hosts) of the
microorganism, unless the microorganism (or a
progenitor of the microorganism) was previously
extracted and or purified from an environment in which
it naturally occurs and subsequently returned to such
an environment or any other environment in which it
can survive. An example of an isolated microorganism
is one in a substantially pure culture of the
microorganism. Moreover the invention provides a
substantially pure culture of microorganisms (e.g.,
microbial cells such as yeast cells), a substantial
number (i.e., at least 40% (e.g., at least: 50%; 60%;
70%; 80%; 85%; 90%; 95%: 97%; 98%; 99%; 99.5%; or even
100%) of which contain an exogenous nucleic acid
encoding an epoxide hydrolase. As used herein, a
"substantially pure culture" of a microorganism is a
culture of that microorganism in which less than about
40% (i.e., less than about : 35%; 30%; 25%; 20%; 15%;
10%; 5%; 2%; 1%; 0.5%; 0.25%; 0.1%; 0.01%; 0.001%;
0.0001%; or even less) of the total number of viable
microbial cells (bacterial, fungal (including yeast),
mycoplasmal, or protozoan cells) in the culture are
viable microbial cells other than the microorganism.
The term "about" in this context means that the
relevant percentage can be 15% percent of the
specified percentage above or below the specified
percentage. Thus, for example, about 20% can be 17% to
23%. Such a culture of microorganisms includes the
microorganisms and a growth, storage, or transport
medium. Media can be liquid, semi-solid (e.g.,
gelatinous media), or frozen. The culture includes the
cells growing in the liquid or in/on the semi-solid
medium or being stored or transported in a storage or
transport medium, including a frozen storage or
transport medium. The cultures are in a culture vessel
or storage vessel orsubstrate (e.g., a culture dish,
flask, or tube or a storage vial or tube). The
microbial cells of the invention can be stored, for
example, as frozen cell suspensions, e.g. in buffer
containing a cryoprotectant such as glycerol or
sucrose, as lyophilized cells. Alternatively, they can
be stored, for example, as dried cell preparations
obtained, e.g., by fluidised bed drying or spray
drying, or any other suitable drying method. Similarly
the enzyme preparations can be frozen, lyophilised, or
immobilized and stored under appropriate conditions to
retain activity. Polypeptides and Polypeptide
Fragments The YEIH polypeptides of the invention
include all the YEIH polypeptides and fragments of
YEIH polypeptides disclosed herein. They can be, for
example, the polypeptides with SEQ ID NOs: 1-7 and
functional fragments of these polypeptides. The
polypeptides embraced by the invention also include
fusion proteins that contain either fulllength or a
functional fragment of it fused to unrelated amino
acid sequence. The unrelated sequences can be
additional functional domains or signal peptides. The
invention features isolated polypeptides which are, or
are at least 50% (e.g., at least: 55%; 60%; 65%; 75%;
85%; 95%; 98%; or 99%) identical to the polypeptides
with 



SEQ ID NOs: 1-7. The identity can be over the
full-length of the latter polypeptides or over one or
more contiguous or non-contiguous segments. Fragments
of YEIH polypeptides are segments of the full-length
YEIH polypeptides that are shorter than full-length
YEIH polypeptides. Fragments of YEIH polypeptides can
contain 5-410 (e.g., 10, 20, 30, 40, 50, 60, 70, 80,
90, 100, 120, 150, 250, 300, 350, 391, 392, 393, 397,
398, 399, 400, 402, 403, 404, 405, 406, 407, 408, or
409) amino acids of SEQ ID NOs:1-7. Fragments of YEIH
can be functional fragments or antigenic fragments.
The polypeptides can be any of those described above
but with not more 50 (e.g., not more than 50, 45, 40,
35, 30, 25, 20, 17, 14, 12, 10, nine, eight, seven,
six, five, four, three, two, or one) conservative
substitution(s). Such substitutions can be made by,
for example, site-directed mutagenesis or random
mutagenesis of appropriate YEIH coding sequences.
"Functional fragments" of a YEIH polypeptide (and,
optionally, any of the abovedescribed YEIH polypeptide
variants) have at least 20% (e.g., 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, 98%, 99%, 100%, or more) of the
ability of the full-length, wild-type YEIH polypeptide
to enantioselectively hydrolyse a IE of interest. One
of skill in the art will be able to predict YEIH
functional fragments using his or her own knowledge
andinformation provided herein, e.g., the amino acid
alignments in Fig. 34 showing highly conserved domains
as well as residues required for epoxide hydrolase
activity in each YEIH. Fragments of interest can be
made either by recombinant, synthetic, or proteolytic
digestive methods and tested for their ability to
enantioselectively hydrolyse a IE. Antigenic fragments
of the polypeptides of the invention are fragments
that can bind to an antibody. Methods of testing
whether a fragment of interest can bind to an antibody
are known in the art. The polypeptides can be purified
from natural sources (e.g., wild-type or recombinant
yeast cells such as any of those described herein).
Smaller peptides (e.g., those less than about 100
amino acids in length) can also be conveniently
synthesized by standard chemical means. In addition,
both polypeptides and peptides can be produced by
standard in vitro recombinant DNA techniques and in
vivo transgenesis, using nucleotide sequences encoding
the appropriate polypeptides or peptides. Methods
well-known to those skilled in the art can be used to
construct expression vectors containing relevant
coding sequences and appropriate
transcriptional/translational control signals. See,
for example, the techniques described in Sambrook et
al.,M olecular Cloning: A Laboratory Manual (2nd Ed.)
[Cold Spring Harbor Laboratory, N.Y., 1989], and
Ausubel et a/., Current Protocols in Molecular Biology
[Green Publishing Associates and Wiley Interscience,
N.Y., 1989]. Polypeptides and fragments of the
invention also include those described above, but
modified by the addition, at the amino- and/or
carboxyl-terminal ends, of a blocking agent to
facilitate survival of the relevant polypeptide. This
can be useful in those situations in which the peptide
termini tend to be degraded by proteases. Such
blocking agents can include, without limitation,
additional related or unrelated peptide sequences that
can be attached to the amino and/or carboxyl terminal
residues of the peptide to be administered. This can
be done either chemically during the synthesis of the
peptide or by recombinant DNA technology by methods
familiar to artisans of average skill. Alternatively,
blocking agents such as pyroglutamic acid or other
molecules known in the art can be attached to the
amino and/or carboxyl terminal residues, or the amino
group at the amino terminus or carboxyl group at the
carboxyl terminus can be replaced with a different
moiety. Likewise, the peptides can be covalently or
noncovalently coupled to pharmaceutically acceptable
"carrier" proteins prior to administration. Also of
interest are peptidomimetic compounds that are
designed based upon theamino acid sequences of the
functional peptide fragments. Peptidomimetic compounds
are synthetic compounds having a three-dimensional
conformation (i.e., a "peptide motif) that is
substantially the same as the three-dimensional
conformation of a selected peptide. The peptide motif
provides the peptidomimetic compound with the ability
to enantioselectively 



hydrolyse a IE of interest in a manner qualitatively
identical to that of the YEIH functional fragment from
which the peptidomimetic was derived. Peptidomimetic
compounds can have additional characteristics that
enhance their therapeutic utility, such as increased
cell permeability and prolonged biological half-life.
The peptidomimetics typically have a backbone that is
partially or completely nonpeptide, but with side
groups that are identical to the side groups of the
amino acid residues that occur in the peptide on which
the peptidomimetic is based. Several types of chemical
bonds, e.g., ester, thioester, thioamide, retroamide,
reduced carbonyl, dimethylene and ketomethylene bonds,
are known in the art to be generally useful
substitutes for peptide bonds in the construction of
protease-resistant peptidomimetics. The invention also
provides compositions and preparations containing one
or more (e.g., two, three, four, five, six, seven,
eight, nine, ten, 12, 15, 20, 25, or more) of the
abovedescribed polypeptides, polypeptide variants, and
polypeptide fragments. The composition or preparation
can be, for example, a crude cell (e.g., yeast cell)
extract or culture supernatant, a cell lysate, a crude
enzyme preparation, a semi-purified cell extract, or a
highly purified enzyme preparation. The compositions
and preparations can also contain one or more of a
variety of carriers or stabilizers known in the art.
Carriers and stabilizers are known in the art and
include, for example: buffers, such as phosphate,
citrate, and other non-organic acids; antioxidants
such as ascorbic acid; low molecular weight (less than
10 residues) polypeptides; proteins such as serum
albumin, gelatin or immunoglobulins; hydrophilic
polymers such polyvinylpyrrolidone; amino acids such
as glycine, glutamine, asparagine, arginine, or
lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dextrans;
chelating agents such as ethylenediaminetetraacetic
acid (EDTA); sugar alcohols such as mannitol, or
sorbitol; saltforming counterions such as sodium;
and/or nonionic surfactants such as Tween, and
Pluronics. Methods of Producing Optically Active
Epoxides and Optically Active Vicinal Diols The
invention provides methods for obtaining enantiopure,
or substantially enantiopure, optically active IE and
ID. Enantiopure optically active IE or ID
preparationsare preparations containing one enantiomer
of the IE r ID and none of the other enantiomer of the
IE or ID. "Substantially enantiopure" optically active
IE (or ID) preparations are preparations in which the
molar amount of the particular enantiomer of the IE
(or ID) is at least 55% (e.g., at least: 60%; 70%;
80%; 85%; 90%; 95%; 97%; 98%; 99%; 99.5%; 99.8%; or
99.9%) of the total molar amount of both IE (or ID)
enantionners. The method involves exposing a IE
enantiomeric mixture to a YEIH polypeptide, e.g., by
culturing or incubating the mixtures with an isolated
YEIH polypeptide or a cell (wild-type or recombinant)
that expresses the polypeptide, or with any of the
other YEIH-containing preparations diclosed herein.
This exposure can have a variety of outcomes that
depend on variables such as, without limitation, the
YEIH itself, the chemical nature of the IE, and, to a
lesser extent, the reaction conditions. First, the
YEIH polypeptide can catalyse the conversion of only
one of the two IE enantiomers in the mixture to its
corresponding ID enantiomer. Alternatively, it can
catalyse the conversion of one of the two IE
enantiomers in the mixture to its corresponding ID
enantiomer at a much more rapid rate than the other IE
enantiomer to its corresponding ID. YEIH with such
selective activity are designated "enantioselective"
and catalyse the "classical" kinetic resolution of a
mixture of IE enantiomers. Such a YEIH polypeptide can
catalyse, for example, the conversion of a (2S,3R)-IE
(in the IE enantiomeric mixture) to its corresponding
(2R,3R)-ID. During such a reaction, the concentration
of the selected IE enantiomer decreases, the
concentration of the unselected IE remains constant or
decreases at a much slower rate (i.e., the
concentration of the unselected IE increases relative
to the concentration of the selected IE in the
mixture); the ID corresponding to the 



selected IE is produced, and the ID corresponding to
the unselected IE is not produced or is produced at a
much lower rate than that the ID corresponding to the
selected IE. These reactions are of course useful for
the enrichment, and hence the production, of a desired
IE enantiomer and/or the production of a desired ID
enantiomer. In addition, a YEIH polypeptide can
catalyse, under certain defined reaction conditions,
the conversion of both enantiomers of a IE to a single
ID. Such YEIH hydrolyse each IE enantiomer with
opposite regioselectivity (i.e., the attack of water
occurs at different carbons of the epoxide ring for
each of the IE enantiomers) and are termed
"regiospecific" for each IE enantiomer. Such YEIH are
said to catalyse the "enantioconvergent" hydrolysis of
a mixture of IE enantiomers. The YEIH can also have
significant selectivity for one enantiomer of the IE.
Where the YEIH has such IE enantiomeric selectivity,
the IDenantiomer produced has the same chirality as
the IE for which the YEIH polypeptide is selective;
for example, if the YEIH polypeptide is selective for
a (2S,3R)-IE enantiomer of a c/s-2,3,-disubstituted
epoxide, the ID enantiomer produced from both IE
enantiomers will be the (2R,3R)-ID enantiomer; if the
YEIH polypeptide is selective for a (2R,3R)-IE
enantiomer of a trans-2,3-disubstituted epoxide, the
ID enantiomer produced from both IE enantiomers will
be the (2S.3R-D) enantiomer. Examples of such
reactions include those shown in Fig. 6. During these
reactions, there is a decrease in the concentrations
of both IE enantiomers (with the concentration of one
decreasing faster than the other if the YEIH
polypeptide has IE enantiomeric selectivity) and the
production of one ID enantiomer. Such reactions are
particularly useful for the production of a desired ID
enantiomer and, where the YEIH is significantly IE
enantioselective, they can also be useful for the
enrichment and hence the production of a particular IE
enantiomer. The degree of the latter enrichment can be
enhanced by, for example, stopping a reaction at a
time when the concentration of the selected IE has
significantly decreased and that of the unselected IE
enantiomer is still relatively high. In yet other
reaction types, the YEIH polypeptide can catalyse, for
example: (a) the conversion of one IE enantiomer its
corresponding ID enantiomer and the other IE
enantiomer to both ID enantiomers; or (b) the
conversion of both IE enantiomers to both ID
enantiomers. Naturally, such reactions, if the YEIH
polypeptides employed have no enantioselectivity,
would not be useful for the production of a desired IE
enantiomer or a desired ID enantiomer. On the other
hand, where the YEIH polypeptide has significant
selectivity for one IE enantiomer, the reaction can be
used for the production of: (a) the corresponding ID
enantiomer; and (b) the unselected IE enantiomer. This
can be done, as described above, by, e.g., stopping a
reaction at a time, or at times, at which the
concentration of the desired IE enantiomer (relative
to the total IE concentration) and/or the
concentration of the desired ID enantiomer (relative
to the total ID concentration) are higher than those
of the undesired IE enantiomer and/or the undesired ID
enantiomer, respectively. In situations where a YEIH
polypeptide catalyses the conversion of one IE
enantiomer to both ID enantiomers, advantage can also
be taken of the fact that generally the production of
one ID enantiomer (e.g., one with the chirality
corresponding to that of a selected IE) is favored
over the enantiomer. In view of the above
considerations, it will be understood that reactions
are enantioselective if the selectivity is: (a)
complete (100%), i.e., the reaction results in only
one enantiomer of the relevant reaction product; or
(b) partial, i.e., the reaction results ina mixture of
two enantiomers of the relevant reaction product in
which the relative molar amount of one enantiomer is
at least 50.1% (e.g., at least: 55%; 60%; 65%; 70%;
80%; 90%; 95%; 97%; 98%; or 99%) of the total molar
amount of both enantiomers. The selectivity may also
be referred to semiquantitatively as high or low
enantioselectivity. A YEIH polypeptide useful for the
invention is one that hydrolyses one enantiomer of a
IE, and/or effects the production of one enantiomer of
a ID, with less than 80% (e.g., less than: 70%; 60%;
50%; 40%; 30%; 20%; 10%; 5%; 2.5%; 1%; 0.5%; 0.25%;
0,01%, or less), or even none, of the efficiency (as
measured by reaction rate) with which it hydrolyses
the 



other IE enantiomer and/or effects the production of
the other ID enantiomer, respectively. Useful
concentrations of the IE and conditions of incubation
will vary from one YEIH polypeptide to another and
from one IE to another. Given the teachings of the
working examples contained herein, one skilled in the
art will know how to select working conditions for the
production of a desired enantiomer of a desired ID
and/or IE. The method can be implemented by, for
example, incubating (culturing) the IE enantiomeric
mixtures with a wild-type yeast cell or a recombinant
cell (yeast or any other host species listed herein)
containing a nucleic acid sequence (e.g. a gene, or a
recombinant nucleic acid sequence) encoding a YEIH, a
crude extract from such cells, a semi-purified
preparation of aYEIH polypeptide, or, for example an
isolated YEIH polypeptide. As used herein, "incubating
and "culturing" include both growing cells and
maintaining them in a resting state. The strain of the
yeast cell can be selected from but are not limited
to, the following exemplary genera: Arxula,
Brettanomyces, Bullera, Bulleromyces, Candida,
Cryptococcus, Debaryomyces, Dekkera, Exophiala,
Geotrichum, Hormonema, Issatchenkia, Kluyveromyces,
Lipomyces, Mastigomyces, Myxozyma, Pichia,
Rhodosporidium, Rhodotorula, Sporidiobolus,
Sporobolomyces, Trichosporon, Wingea, and Yarrowia.
Yeast strains innately capable of producing a
polypeptide which converts or hydrolyses mixtures of
c/s-2,3-disubstituted IE enantiomers of general
formula (I) to optically active (2R,3S)-IE and/or
(2R,3R)-ID include, but are not limited to, strains of
the exemplary yeast genera and species shown in Table
1. Yeast strains innately capable of producing a
polypeptide which converts or hydrolyses mixtures of
frans-2,3-disubstituted IE enantiomers of general
formula (II) to optically active (2R,3R)-IE and/or
(2R,3S)-ID include, but are not limited to, strains of
the exemplary yeast genera and species shown in Table
2.Table 1 Genus Species Brettanomyces B. anomalus B.
bruxellensis B. sp. UOFS Y-0553 Cryptococcus C.
curvatus C. macerans C. podzolicus Debaryomyces D.
hansenii D. napalensis Dekkera D. anomala lssatchenkia
I. orientalis Myxozyma M. melibiosi Rhodosporidium R.
paludigenum R. lusitaniae R. toruloides Rhodotorula R.
arauntiaca R. araucariae R. glutinis R. minuta var.
minuta Sporidiobolus S. microsporus S. salmonicolor
Trichosporon T. delbrueckii T. pullulans T.
montevideense Yarrowia Y. lipolytica Table 2 



Genus Species Debaryomyces D. hansenii Exophiala E.
dermatitidis Rhodosporidium e R. lusitaniae R.
paludigenum Rhodotorula R. glutinis R.a minuta R.
mucilaginosa R. philyla R. sp. UOFS Y-0560 R. sp. UOFS
Y-2043 Sporidiobolus S. salmonicolor Trichosporon T.
mucoides T. pullulans T. sp. CBS 2488 T. sp. NCYC
3210Yeast strains innately capable of producing
a~polypeptide which converts or hydrolyses mixtures of
2,3-tri-substituted IE enantiomers of general formula
(III) to optically active IE and/or ID include, but
are not limited to, strains of the exemplary yeast
genera and species shown in Table 3. Table 3 Genus
Species Brettanomyces B. anomalus B. bruxellensis B.
sp. UOFS Y-0553 Cryptococcus C. curvatus C. macerans
C. podzolicus Debaryomyces D. hansenii D. napalensis
Dekkera D. anomala Exophiala E. dermatitidis
lssatchenkia I. orientalis Myxozyma M. melibiosi
Rhodosporidium R. lusitaniae R. paludigenum R.
toruloides Rhodotorula R. araucariae R. glutinis R.
minuta R. minuta var. minuta R. mucilaginosa R.
philyla R. sp. UOFS Y-0560 R. sp. UOFS Y-2043
Sporidiobolus S. microsporus S. salmonicolor
Trichosporon T. delbrueckii T. pullulans T. mucoides
T. pullulans T. sp. CBS 2488 



T. sp. NCYC 3210 Yarrowia Y. lipolytica Yeast strains
innately capable of producing a polypeptide which
converts orhydrolyses mixtures of 2,3-tri-substituted
IE enantiomers of methyiene-interrupted bisepoxides of
general formula (VIII) to optically active epoxides
and/or tetraols of general formula (IX) that may
undergo ring-closure to form tetrahydrofuran diols of
general formula (VIII) include, but are not limited
to, the exemplary yeast genera and species shown in
Table 4. Table 4 Genus Species Bullera B. dendrophila
Candida C. kruisei Cryptococcus C. albidus C. curvatus
C. laurentii C. podzolicus Exophiala E. dermatitidis
Hormonema H. sp. Pichia P. finlandica P. haplophila
Rhodospodium R. paludigenum R. sphaerocarpum R.
toruloides Rhodotorula R. araucariae R. aurantiaca R.
glutinis R. minuta R. mucilaginosa R. philyla R. sp.
Sporidiobolus S. microsporus Sporobolomyces S.
holsaticus Trichosporon T. beigelii T. cutaneum var.
cutaneum T. mucoides T. ovoides T. sp. Yeast species
referred to in the tables above and below as "sp. "
correspond to strains obtained from a culture
collection, the species of which had not at the time
of writing been identified. The yeast strain can be at
least one yeast strain selected from the the
yeastspecies listed in Table 1 Table 2 , Table 3, and
Table 4 . Cultivation in bioreactors of wild-type or
recombinant yeast strains expressing the polypeptide
or fragment thereof having IE enantioselective epoxide
hydrolase activity (with the purpose of preparing
yeasts stocks or for the enantioselective preparative
methods of the invention) can be carried out under
conditions that provide useful biomass and/or enzyme
titer yields. Cultivation can be by batch, fed-batch
or continuous culture methods. Useful cultivation
conditions are dependent on the yeast strain used.
General procedures for establishing useful culturing
conditions of yeasts, fungi and bacteria in
bioreactors are known to those skilled in the art. The
mixture of epoxides can be added directly to the
culture. The concentration of the IE enantiomeric
mixture can be at least equal to the solubility of the
IE enantiomeric mixture in the aqueous phase of the
reaction mixture. The starting amount of epoxide added
to the reaction mixture is not critical. The epoxide
can be 



metered out continuously or in batch mode to the
reaction mixture. The relative proportions of (R,R)-
and (S.S)-epoxide (for frans-2,3-disubstituted
epoxides) or ((R S) and (S R)- epoxide (for
c/s-2,3-disubstitituted epoxides) or variations
thereof for tri-substituted epoxides in the mixture of
enantiomers of the epoxide shown by the general
formula (I) and (II) and (III) and (VII) is not
critical but it is advantageous for commercial purpose
to employ a racemic form of the epoxides shown by the
general formula (I), (II), (III) and (VII). The
epoxide can be added in a racemic form or as a mixture
of enantiomers in different ratios. The amount of the
yeast cells, crude yeast cell extract, or partially
purified or isolated polypeptide having IE
enantioselective activity added to the reaction
depends on the kinetic parameters of the specific
reaction and the amount of epoxide that is to be
hydrolysed. In the case of product inhibition, it can
be advantageous to remove the formed vicinal diol from
the reaction mixture or to maintain the concentration
of the vicinal diol at levels that allow reasonable
reaction rates. Techniques used to enhance enzyme and
biomass yields include the identification of useful
(or optimal) carbon sources, nitrogen sources,
cultivation time, dilution rates (in the case of
continuous culture) and feed rates, carbon starvation,
addition of trace elements and growth factors to the
culture medium, and addition of inducers for example
substrates or substrate analogs of the epoxide
hydrolases during cultivation. In the case of
recombinant hosts, the conditions under which the
promoters function for transcription of the gene
encoding the polypeptide with epoxide hydrolase
activity are taken into account. At the end of
fermentation (culture), biomass and culture medium can
be separated by methods known to one skilled in the
art, such as filtration or centrifugation.The
processes are generally performed under mild
conditions. For example, the reaction can be carried
out at a pH from 5 to 10, preferably from 6.5 to 9,
and most preferably from 7 to 8.5. The temperature for
hydrolysis can be from 0 to 70 0C, preferably from 0
to 50 0C, most preferably from 4 to 40 0C. It is also
known that lowering of the temperature of the reaction
can enhance enantioselectivity of an enzyme. The
reaction mixture can contain mixtures of water with at
least one water-miscible solvents (e.g., organic
water-miscible solvents). Preferably water-miscible
solvents are added to the reaction mixture such that
epoxide hydrolase activity remains measurable.
Water-miscible solvents are preferably organic
solvents and can be, for example, acetone, methanol,
ethanol, propanol, isopropanol, acetonitrile,
dimethylsulfoxide, N1Ndimethylformamide,
L/-methylpyrolidine, and the like. The reaction
mixture can also contain mixtures of water with at
least one waterimmiscible organic solvent. Examples of
water-immiscible solvents that can be used include,
for example, toluene, 1,1 ,2-trichlorotrifluoroethane,
methyl terf-butyl ether, methyl isobutyl ketone,
dibutyl-o-phtalate, aliphatic alcohols containing 6 to
9 carbon atoms (for example hexanol, octanol),
aliphatic hydrocarbons containing 6 to 16 carbon atoms
(for example cyclohexane, /7-hexane, n -octane, n
-decane, n -dodecane, n -tetradecane and n -
hexadecane or mixtures of the aforementioned
hydrocarbons), and the like. Thus, the reaction
mixture can include water with at least one
water-immiscible organic solvent selected from the
group consisting of toluene, 1,1
,2-trichlorotrifluoroethane, methyl terf-butyl ether,
methyl isobutyl ketone, dibutyl-o-phtalate, aliphatic
alcohols containing 6 to 9 carbon atoms, and aliphatic
hydrocarbons containing 6 to 16 carbon. The reaction
mixture can also contain surfactants (for example
Tween 80), cyclodextrins or phase-transfer catalysts
and the like that can increase, selectively or
otherwise, the solubility of the epoxide enantiomers
in the reaction mixture. The reaction mixture can also
contain a buffer. Buffers are known in the art and
include, for example, phosphate buffers, citrate
buffers, TRIS buffers, HEPES buffers, and the like.
The production of the YEIH polypeptides, including
functional fragments, can be, for example, as recited
above in the section on Polypeptides and Polypeptide
Fragments. 



Thus they can made by production in a natural host
cell, production in a recombinant host cell, or
synthetic production. Recombinant production can be
carried out in host cells of microbial origin.
Preferred yeast host cells are selected from, but are
not limited to, the genera Saccharomyces,K
luyveromyces,H ansenula, Pichia,Yar rowia, Arxula,
andCandida. Preferred bacterial host cells include
Escherichia coli,Agr obacteum species, Bacillus
species and Streptomyces species. Preferred
filamentous fungal host cells are selected from the
group consisting of the genera Aspergillus, Tchoderma
and Fusarium. The production of the polypeptide can
be, e.g., intra- or extra- cellular production and can
be by, e.g., secretion into the culture medium. In the
fermentation reactions, the polypeptides (including
functional fragments) can be immobilized on a solid
support or free in solution. Procedures for
immobilization of the yeast or preparation thereof
include, but are not limited to, adsorption; covalent
attachment; cross-linked enzyme aggregates;
cross-linked enzyme crystals; entrapment in hydrogels;
and entrapment into reverse micelles. The progress of
the reaction can be monitored by standard procedures
known to one skilled in the art, which include, for
example, gas chromatography or high-pressure liquid
chromatography on columns containing chiral stationary
phases. The ID I formed can be removed from the
reaction mixture at one or more stages of the
reaction. The reaction can be stopped when one
enantiomer of the IE and/or ID is found to be in
excess compared to the other enantiomer of the IE
and/or ID. Preferably, the reaction is stopped when
one enantiomer of the E of general formula (I), (II),
(III) and (VII) and/or vicinal diol of general formula
(IV), (V), (Vl) or (IX) is found to be in an
enantiomeric excess of at least 90%. In a more
preferred embodiment of the invention, the reaction is
stopped when one enantiomer of an IE of general
formula (I) 1 (II), (III) and (VII) and/or ID of
general formula (IV), (V), (Vl), (VIII), or (IX) is
found to be in an enantiomeric excess of at least 95%.
The reaction can be stopped by the separation (for
example centrifugation, membrane filtration,
precipitation by solvents, and the like) of the yeast,
or preparation thereof, and the reaction mixture or by
inactivation (for example by heat treatment or
addition of salts and/or organic solvents) of the
yeast or polypeptide, or preparation thereof. Thus,
the reaction can be stopped by, for example, the
separation of the catalytic agent from the reactants
and products in the mixture, or by ablation or
inhibition of the catalytic activity, by techniques
known to one skilled in the art. The optically active
IE and/or ID produced by the reaction can be recovered
from the reaction mixture, directly or after removal
of the yeast, or preparation thereof. Preferably, the
process can include continuously recovering the
optically active IE and/or ID produced by the reaction
directly from the reaction mixture. Methods of removal
of the optically active IE and/or ID produced by the
reaction include, for example, extraction with an
organic solvent (such as hexane, toluene, diethyl
ether, petroleum ether, dichloromethane,chloroform,
ethyl acetate and the like), vacuum concentration
crystallisation, distillation, membrane separation,
column chromatography and the like. Thus, the present
invention provides an efficient process with
economical advantages compared to other chemical and
biological methods for the production, in high
enantiomeric purity, of optically active IE of the
general formula (I), (M), (III) and (VII) and ID of
the general formula (IV), (V), (Vl), (VIII), or (IX)
in the presence of a yeast strain having epoxide
hydrolase activity or a polypeptide that is derived
from a yeast strain and has such activity. YEIH
Antibodies The invention features antibodies that bind
to yeast epoxide hydrolase polypeptides or fragments
(e.g., antigenic or functional fragments) of such
polypeptides. The polypeptides are preferably yeast
epoxide polypeptides with enantioselective activity,
and in particular those with IE enantioselective
activity (i.e.,YEIH), e.g., those with SEQ ID NOs: 1,
2, 3, 4, 5, 6 or 7. The antibodies preferably bind
specifically to yeast epoxide hydrolase polypeptides,
i.e., not to epoxide hydrolase polypeptides of species
other than yeast species. More preferably, they can
bind specifically to yeast epoxide polypeptides with
enantioselective 



activity, and in particular to YEIH polypeptides,
e.g., those with SEQ ID NOs: 1, 2, 3, 4, 5, 6 or 7..
They can moreover bind specifically to one or more of
polypeptides with SEQ ID NOs: 1, 2, 3, 4 , 5, 6, or 7.
Antibodies can be polyclonal or monoclonal antibodies;
methods for producing both types of antibody are known
in the art. The antibodies can be of any class (e.g.,
IgM, IgG, IgA, IgD, or IgE). They are preferably IgG
antibodies. Moreover, polyclonal antibodies and
monoclonal antibodies can be generated in, or
generated from, B cells from, animals any number of
vertebrate (e.g., mammalian) species, e.g., humans,
non-human primates (e.g., monkeys, baboons, or
chimpanzees), horses, goats, camels, sheep, pigs,
bovine animals (e.g., cows, bulls, or oxen), dogs,
cats, rabbits, gerbils, hamsters, guinea pigs, rats,
mice, birds (such as chickens or turkeys), or fish.
Recombinant antibodies specific for YEIH polypeptides,
such as chimeric monoclonal antibodies composed of
portions derived from different species and humanized
monoclonal antibodies comprising both human and
non-human portions, are also encompassed by the
invention. Such chimeric and humanized monoclonal
antibodies can be produced by recombinant DNA
techniques known in the art, for example, using
methods described in Robinson et al., International
Patent PublicationPCT/US86/02269; Akira et al.,
European Patent Application 184;187; Taniguchi,
European Patent Application 171,496; Morrison et al.,
European Patent Application 173,494; Neuberger et al.,
PCT Application WO 86/01533; Cabilly et al., U.S.
Patent No. 4,816,567; Cabilly et al., European Patent
Application 125,023; Better et al. (1988) Science 240,
1041-43; Liu et al. (1987) J. Immunol. 139, 3521-26;
Sun et al. (1987) PNAS 84, 214-18; Nishimura et al.
(1987) Cane. Res. 47, 999-1005; Wood et al. (1985)
Nature 314, 446-49; Shawet al. (1988) J. Natl. Cancer
Inst. 80, 1553-59; Morrison, (1985) Science 229,
1202-07; Oi et al. (1986) BioTechniques 4, 214;
Winter, U.S. Patent No. 5,225,539; Jones et al. (1986)
Nature 321, 552-25; Veroeyan et al. (1988) Science
239, 1534; and Beidler et al. (1988) J. Immunol. 141,
4053-60. Also useful for the invention are antibody
fragments and derivatives that contain at least the
functional portion of the antigen-binding domain of an
antibody that binds to a YEIH polypeptide. Antibody
fragments that contain the binding domain of the
molecule can be generated by known techniques. Such
fragments include, but are not limited to: F(ab')2
fragments that can be produced by pepsin digestion of
antibody molecules; Fab fragments that can be
generated by reducing the disulfide bridges of F(ab')2
fragments; and Fab fragments that can be generated by
treating antibody molecules with papain and a reducing
agent. See, e.g., National Institutes of Health, 1
Current Protocols In Immunology, Coligan et al., ed.
2.8, 2.10 (Wiley Interscience, 1991). Antibody
fragments also include Fv fragments, i.e., antibody
products in which there are few or no constant region
amino acid residues. A single chain Fv fragment (scFv)
is a single polypeptide chain that includes both the
heavy and light chain variable regions of the antibody
from which the scFv is derived. Such fragments can be
produced, for example, as described in U.S. Patent No.
4,642,334, which is incorporated herein by reference
in its entirety. The antibody can be a "humanized"
version of a monoclonal antibody originally generated
in a different species. The above-described antibodies
can be used for a variety of purposes including, but
not limited to, YEIH polypeptide purification,
detection, and quantitative measurement. The following
examples serve to illustrate, not limit, the
invention.EXAMPLES Example 1. Materials and Methods
Determination of concentrations and enantiomeric
excesses Quantititative determinations of the
compounds and determination of enantiomeric excesses
were carried out by gas-liquid chromatography (GLC),
HPLC (high pressure liquid chromatography) and GC/
(gass chromatography)/MS (mass spectrometry). GLC 



was performed on a Hewlett-Packard 6890 gas
chromatograph equipped with FID detector and using H2
as carrier gas. Determination of the enantiomeric
excesses of epoxides and diols was performed by GLC
using a fused silica cyclodextrin capillary columns
(Supelco) (30 m length, 25 mm ID and 25 mm film
thickness). (See Table 5 below). For analyses of
linoleic acid bisepeoxide, linoleic acid
tetrahydrofuran diol, and linoleic acid tetraol, the
reaction mixtures were extracted with ethyl acetate,
methylated with diazomethane and silylated with BSTFA,
separated on a DB-5 column, and the eluted peaks were
analysed by MS. Table 5Concentrations of IE and ID
were derived from calibration curves obtained from
extractions of the IE and ID from buffer without
cells. IE and ID standards Cis-2,3-epoxyheptane and
6,7-epoxygeranyl alcohol were synthesized from the
corresonding alkenes (epoxidation with mCPBA).
2,3-heptanediol was synthesized from 2-heptene
(dihydroxylation of alkene). C/s-2,3-epoxybutane and
trans-2,3- epoxybutane and 2,3-butanediol were
obtained from Fluka (Milan, Italy). (R1R)- and
(S,S)-trans-phenylpropene oxide was obtained from
Fluka as single enantiomers and mixed for screening
reactions. Racemic frans-1 -phenylpropene oxide was
synthesised from trans-?-methylstyrene (Aldrich) by
mCPBA epoxidation. The corresponding diol was obtained
by acid hydrolysis of the epoxide. (+)-limonene-1
,2-epoxide was purchased from Aldrich.. Linoleic acid
bisepoxide was synthesized from linoleic acid
(epoxidation with mCPBA). lndene oxide was synthesised
from indene bromohydrin as described below.. Synthesis
of racemic indene oxide In a 10 litre glass
fermentation reactor having efficient internal cooling
coils fitted with baffles and an overhead mechanical
stirrer consisting of three impellers attached to the
central shaft was placed seven litres (9.65 kg, 172
mol) of a 13M aqueous potassium hydroxide solution.
The solution was cooled to 0 ?C. Indene bromohydrin
(472.18 g, 2.22 mol) was added to the solution, and
the heterogeneous mixture stirred vigorously (500 rpm)
for 18 hours at 0 ?C. The solids were dissolved with
dichloromethane (2 ? 1.25 litres), and left to stir
for 30 minutes. After settling for approximately 45
minutes, the upper organic phase of each extraction
was isolated, dried (with MgSO4) and analysed by TLC
(thinlayer chromatography) for starting material or
hydrolysis products. Qoncentration of the solution in
vacuo afforded a brown transparent oil that partially
crystallised on cooling. Proton NMR (nuclear magnetic
resonance) spectroscopy indicated that the crude
product was almost pure indene oxide. Simple
distillation (ca. 65 ?C/5mmHg) afforded indene oxide
(276.83 g, 95%) as a clear oil, 99+% pure by GC area%.
A similar run with 550.10 g (2.58 mol) of Indene
bromohydrin afforded 301.03 g (88%) of the required
indene oxide product. The product was stored at 0 ?C
in sealed bottled (until used) orming low-melting
point crystals. Preparation of frozen yeast cells for
screening Yeasts were grown at 30?C in 1 L shake-flask
cultures containing 200 ml yeast extract/malt extract
(YM) medium (3% yeast extract, 2% malt extract, 1%
peptone w/v) supplemented with 1% glucose (w/v). At
late stationary phase (48 - 72 h), the cells were
harvested by centrifugation (10 000 g, 10 min, 4?C),
washed with phosphate buffer (50 mM, pH7.5),
centrifuged and frozen in phosphate buffer containing
glycerol (20%) at - 20?C as 20% (w/v) cell
suspensions. The cells were stored for several months
without significant loss of activity. Screening IE (
10 ?I of a 1M stock solution in EtOH) were added to a
final concentration of 20 mM to 500 ?I cell suspension
(20% w/v) in phosphate buffer (50 mM, pH 



7.5). The reaction mixtures were incubated at 30?C for
2 hours or 5 hours. The reaction mixtures were
extracted with EtOAc (300 ?l) and centrifuged. ID
formation was evaluated by TLC (silica gel Merck 60
F254) . Compounds were visualized by spraying with
vanillin/cone. H2SO4 (5g/l). Reaction mixtures that
showed substantial ID formation were evaluated for
asymmetric hydrolysis of the IE by chiral GLC
analysis. Some reactions were repeated over longer or
shorter times and with more dilute cell suspensions
(10%w/v) in order to analyse the reactions at suitable
conversions. General procedure for the hydrolysis of
2,3-disubstituted and tri-substituted epoxidesFrozen
cells were thawed, washed with phosphate buffer (50
mM, pH 7.5) and resuspended in buffer. Cell
suspensions (10 ml, 20% or 50% w/v) were placed in 20
ml glass bottles with screw caps fitted with septa.
The substrate (100 or 250 ?I of a 2M (v/v) stock
solution in ethanol) was added to final concentrations
of 20 mM or 50 mM. The mixtures were agitated on a
shaking water bath at 30?C. The course of the
bioconversions of epoxides was followed by withdrawing
samples (500 ?I) at appropriate time intervals.
Samples for GLC analysis were extracted with 300 ?l
EtOAc. After centrifugation (3000 x g, 2 min), the
organic layer was dried over anhydrous MgSO and the
products analyzed by chiral GLC. Samples for HPLC
analysis were extracted with 300 ?l hexane,
centrifuged (12000 x g, 10 min), the organic layer
dried over anhydrous MgSO4 , and the products analyzed
by chiral HPLC nalysis. Samples for GC/MS analysis
were extracted with 300 ?l ether. After centrifugation
(3000 x g, 2 min), the organic layer was dried under a
nitrogen stream, redissolved in methanol, and
methylated with diazomethane. A portion of the
methanol/diazomethane reaction mixture was dried under
nitrogen, dissolved in pyridine, and silylated with
BSTFA prior to analysis. Yeast strains Yeast strains
with screen numbers denoted "AB" or "Car" or "AIf or
"Poh" were isolated from soil from specialised
ecological niches that were selected based on the
inventors' belief that selectivity for specific
classes of epoxides in microorganisms would be
determined by environmental factors such as
terpene-rich environments or highly contaminated soil.
"AB" and "AIf strains were isolated from Cape Mountain
fynbos, an ecological environment unique to South
Africa, "Car" strains were isolated from soil under
pine trees, and "Poh" strains from soil contaminated
by high concentrations of cyanide. Microorganisms
existing in these contaminated soils most likely have
alternative respiratory systems. Nearly all these new
isolates displayed activity and selectivity for
2,3-disubstituted and tri-substituted epoxides, while
only a few of the more than 200 strains from the Yeast
Culture Collection that were included in the
screening, displayed activity and selectivity for
2,3-disubstituted epoxides. Furthermore, the strains
from the culture collection that were found to be able
to produce opticallyactive epoxides and/or diols from
2,3-disbstituted epoxides belonged in most cases to
the same species as those isolated from soil from the
selected environments. All new isolates that produced
optically active epoxides or vicinal diols during
hydrolysis of 2,3- disubstituted and tri-substituted
epoxides were identified by known biochemical
characterisation methods, and most of the isolates
were also subjected to molecular identification by
sequence analyses of the D1/D2 region of the large
subunit rDNA. These new isolated were subsequently
deposited at the Yeast Culture Collection of the
University of the Orange Free State (UOFS) and
assigned UOFS numbers. All the yeast strains mentioned
in the examples are kept and maintained at the
University of the Orange Free State (UOFS), Department
of Microbial, Biochemical and Food Biotechnology,
Faculty of Natural and Agricultural Sciences, P.O. Box
339, 



Bloemfontein 9300, Republic of South Africa. TeI +27 5
1 401 2396, Fax + 27 5 1 444 3219 and are readily
identified by the yeast species and culture collection
number as indicated. Representative examples of
strains belonging to the different species have been
deposited at the NCYC (National Collection of Yeast
Cultures Institute of Food Research Norwich Research
Park Colney, Norwich NR4 7UA, U.K. Tel: +44-(0)1603-
255274 Fax: +44-(O) 1603-458414 Email:
ncyc@bbsrc.ac.uk). Samples of these yeast strains will
be made available upon request basis on the same and
conditions of the Budapest Treaty. Example II:
Selection of wild type yeasts for the production of
optically active epoxides and vicinal diols from IE
Yeasts were cultivated, harvested and frozen as 20% or
50 % (w/v) cell suspensions as described above. The IE
was added to a final concentration of 20 mM or 50 mM
and the screening was performed as described above.
Strains with the highest activities as determined by
TLC from diol formation were subjected to chiral GC or
HPLC analysis as described above. The enantiomeric
excesses of the formed diol after incubation for 1-20
hours of the IE (c/s-2,3-epoxybutane;
c/s-2,3-epoxyheptane, frans-2,3-epoxybutane, linoleic
acid bisepoxide, frans-1 -phenylpropene oxide and
indene oxide) with the different yeast strains are
shown as Samples 1-215 in Tables 7- 12. Enantiomeric
excesses (ee) were determined from the formula: E.e. =
[[E-I]-[E- 2]}/{[E-1 j+[E-2]} x 100. [E-1] is the
concentration at the appropriate time point of the one
enantiomer of the IE or ID and [E-2] is the
concentration at the appropriate timepoint of the
other IE or ID enantomer.Table 7. (Samples 1-47)
Enantiomeric excesses (Ee) of formed diol obtained
after incubation of different yeast strains with
cis-2,3-epoxybutane (50 mM, 50% w/v cells, 16 hours).
Internal Sample Culture Abs Ee No. strain
Strain/species collection No. Conf. No. (%) 1 K 0 1
Brettanomyces anomalus NCYC 3149 R1R 71.0 2 52
Brettanomyces bruxellensis NCYC 3150 R1R 19.3 3 N 13
Brettanomyces sp. NCYC 3151 R1R 74.0 4 704 Candida
fabianii UOFS Y-0963 R1R 84.1 5 X 19 Candida kruisii
NCYC 3153 R1R 77.7 6 Jen 13 Crypiococcus gastricus
UOFS Y-0477 R1R 31.9 7 AB 54 Cryptococcus podzolicus
UOFS Y-1900 R1R 27.4 8 110 Debaryomces hansenii UOFS
Y-0614 R1R 59.5 9 108 Debaryomces hansenii UOFS Y-0612
R1R 86.0 10 93 Debaryomyces hansenii NCYC 3169 R,R
55.6 1 1 105 Debaryomyces hansenii UOFS Y-0608 R1R
93.9 12 111 Debaryomyces hansenii UOFS Y-0615 R1R 95.8
13 TVN 119 Debaryomyces napalensis NCYC 3220 R1R >98%
14 88 Dekkera anomala NCYC 3170 R1R 17.4 15 227
Geotricum sp. UOFS Y-01 11 R1R 33.4 16 TVN 228
lssatchenkia orientalis NCYC 3221 R1R 60.1 17 TVN 229
lssatchenkia orientalis NCYC 3222 R1R 63.0 18 TVN 231
lssatchenkia orientalis NCYC 3223 R1R 62.5 19 45a
Lipomyces sp. UOFS Y-2159 R1R 77.5 20 4 1 Myxozyma
melibiosi NCYC 3172 R1R 18.9 2 1 520 * Pichia
finlandica NCYC 3173 R1R >98% 22 673 Pichia haplophila
NCYC 3177 R1R 65.7 23 169 Rhodosporidium lusitaniae
NCYC 3178 R1R 31.7 24 40 Rhodosporidium sphaerocarpum
NCYC 3180 R1R 27.4 



25 AIf 0 1 Rhodosporidium toruloides NCYC 3181 R1R
60.0 26 46 Rhodosporidium toruloides UOFS Y-0471 R1R
45.0 27 2 Rhodosporidium toruloides UOFS Y-0518 R1R
88.7 28 Car 067 Rhodosporidium toruloides UOFS Y-2236
R1R 49.6 29 Car 076 Rhodosporidium toruloides UOFS
Y-2238 R1R 85.3 30 Car 131 Rhodosporidium toruloides
UOFS Y-2252 R1R 83.9 3 1 Car 142 Rhodosporidium
toruloides UOFS Y-2255 R1R 43.3 32 Car 209
Rhodosporidium toruloides UOFS Y-2260 R1R 84.0 33 25
Rhodotorula araucariae NCYC 3183 R1R 81.1 34 EP 230
Rhodotorula aurantiaca NCYC 3185 R1R 41.8 35 50
Rhodotorula glutinis NCYC 3186 R1R 86.1 36 680
Rhodotorula glutinis NCYC 3203 R1R 77.9 37 713
Rhodotorula glutinis UOFS Y-0489 R1R 45.238 AIf 6
Rhodotorula glutinis UOFS Y-051 3 R1R 95.5 39 185
Rhodotorula glutinis UOFS Y-0559 R1R 49.5 40 686
Rhodotorula minuta var. minuta NCYC 3 188 R1R 67.2 4 1
Rh 27 Rhodotorula sp. NCYC 3224 R1R 89.0 42 697
Rhodotorula sp. minuta / mucilaginosa UOFS Y-0958 R1R
46.7 43 698 Rhodotorula sp. minuta / mucilaginosa UOFS
Y-0959 R1R 50.2 44 BV04 Tchosporon moniliiforme NCYC
3214 R1R 33.6 45 6 1 Trichosporon pullulans NCYC 3209
R1R 91.4 46 231 Trichosporon sp. NCYC 321 0 R1R 97.6
47 39 Wingea robertsiae NCYC 3228 R R 22.1 Table 8.
(Samples 48-78).E nantiomeric excesses of the
remaining epoxide produced by yeast strains that
hydrolyse cis-2,3-epoxyheptane enantioselectively (50
mM 2,3- epoxyheptane, 50% cells, 1 hour). Sample
Screen Culture no no Yeast species collection nr. Ee
(%) 48 Car 054 Cryptococcus curvatus NCYC 3158 29.56
49 Jen 14 Cryptococcus macerans NCYC 3163 6.06 50 Car
103 Rhodosporidium toruloides UOFS Y-2246 9.19 5 1 Car
134 Rhodosporidium toruloides UOFS Y-2253 10.04 52 Car
059 Rhodosporidium toruloides UOFS Y-2231 10.73 53 Car
210 Rhodosporidium toruloides UOFS Y-2261 12.17 54 Car
204 Rhodosporidium toruloides UOFS Y-2257 14.11 55 Car
003 Rhodosporidium toruloides UOFS Y-2222 15.50 56 Car
100 Rhodosporidium toruloides UOFS Y-2245 17.04 57 Car
093 Rhodosporidium toruloides UOFS Y-2242 18.20 58 Car
038 Rhodosporidium toruloides UOFS Y-2228 18.21 59 Car
006 Rhodosporidium toruloides UOFS Y-2223 19.13 60 Car
108 Rhodosporidium toruloides UOFS Y-2247 23.70 6 1
Car 118 Rhodosporidium toruloides NCYC 3182 24.08 62
Car 142 Rhodosporidium toruloides UOFS Y-2255 26.23 63
Car 126 Rhodosporidium toruloides UOFS Y-2251 26.49 64
Car 076 Rhodosporidium toruloides UOFS Y-2238 27.15 65
Car 209 Rhodosporidium toruloides UOFS Y-2260 27.50 66
Car 020 Rhodosporidium toruloides UOFS Y-2226 28.75 67
Car 120 Rhodosporidium toruloides UOFS Y-2249 29.03 68
Car 200 Rhodosporidium toruloides UOFS Y-2256 30.56 69
Car 205A Rhodosporidium toruloides UOFS Y-2258 32.60
70 Car 078 Rhodosporidium toruloides UOFS Y-2240
34.457 1 Car 052 Rhodosporidium toruloides UOFS Y-2230
36.70 72 Car 121 Rhodosporidium toruloides UOFS Y-2250
38.26 



73 Car 092 Rhodosporidium toruloides UOFS Y-2241 38.96
74 POH 28 Rhodosporidium toruloides NCYC 321 5 99.50
75 I 05 Rhodosporidium toruloides UOFS Y-0471 -4.65 76
Jen 37 Yarrowia lipolytica UOFS Y-0097 -7.06 77 Jen 36
Yarrowia lipolytica UOFS Y-1569 -6.52 78 Jen 46
Yarrowia lipolytica UOFS Y-1701 -3.10 Negative ee
values denote strains with opposite
enantioseiectivity. Table 9 (samples 79-97). Yeast
strains that hydrolyse frans-2,3-epoxybutane
enantioselectively (reaction conditions: 20 mM IE, 20
% cells (w/v), 24 hours). Reaction mixtures were
analysed for the formation of the ID. The
concentrations of the ID enantiomers obtained after 24
hours is given in the table. Sample SNO Strain Culture
[meso] [R,R] [S.S] No. Collection no. (mM) (mM) (mM)
79 K22 Debaryomyces hansenii UOFS Y-0539 5.53 0.00
0.00 80 Rh 3 1 Exophiala dermatitidis NCYC 3227 8.11
0.00 0.00 8 1 Rh 25 Rhodosporidium lusitaniae UOFS
Y-1619 10.01 0.00 0.00 82 Rh 38 Rhodosporidium
paludigenum UOFS Y-0482 0.00 2.34 9.54 83 J 03
Rhodotorula glutinis UOFS Y-0123 14.76 0.00 0.00 84 Rh
10 Rhodotorula glutinis UOFS Y-0653 7.45 0.00 0.00 85
Rh 09 Rhodotorula minuta UOFS Y-0835 9.04 0.00 0.00 86
Rh 09 Rhodotorula minuta UOFS Y-0835 9.47 0.00 0.00 87
Rh 35 Rhodotorula minuta UOFS Y-1626 10.85 0.00 0.00
88 Rh 05 Rhodotorula mucilaginosa UOFS Y-0124 7.77
0.00 0.00 89 Rh 23 Rhodotorula mucilaginosa UOFS
Y-0226 4.07 0.00 0.00 90 Rh 12 Rhodotorula
mucilaginosa UOFS Y-0478 5.82 0.00 0.00 9 1 Rh 43
Rhodotorula philyta UOFS Y-0134 0.00 19.98 0.00 92 Rh
16 Rhodotorula sp. UOFS Y-2043 6.48 0.00 0.00 93 Rh 28
Rhodotorula sp. UOFS Y-0560 6.92 0.00 0.00 94 G 06 Spo
diobolus salmonicolor UOFS Y-0856 9.25 0.00 0.00 95 K
12 Trichosporon pullulans CBS 2538 7.50 0.00 0.00 96
K09 Trichosporon sp. CBS 2488 0.00 8.23 0.00 97 T 09
Trichosporon sp. UOFS Y-0533 0.00 0.43 10.78 Table 10
lists the yeast strains that are able to hydrolyse
linoleic acid bisepoxide withthe formation of the THF
diol and fetra-ol (Fig.~2). Enantiomer analysis was
not done on the THF diols, but the diastereoisomers
and positional isomers were identified as shown in
Fig. 3. Table 10 (samples 98- 182 ). Hydrolysis of
linoleic acid bisepoxide (50 mM) by selected yeasts
(20% w/v) to produce tetrahydrofuran (THF) diols and
tetraols. Sample Screen number number Yeast strain
CCoulllteucretion no 98 43 Bullera dendrophila NCYC
3152 99 X 19 Candida kruisii NCYC 3153 100 AIf 04
Cryptococcus laurentii NCYC 3226 101 230 Cryptococcus
albidus NCYC 3156 102 Car 014 Cryptococcus curvatus
UOFS Y-2225 103 AB 24 Cryptococcus laurentii NCYC 3161
104 AB 25 Cryptococcus laurentii UOFS Y-1884 105 AB 26
Cryptococcus laurentii UOFS Y-1885 106 AB 32
Cryptococcus laurentii UOFS Y-1887 107 AB 33
Cryptococcus laurentii UOFS Y-1888 108 AB 53
Cryptococcus podzolicus NCYC 3165 109 173
Exophialadermatitidis NCYC 3227 110 Rh39 Hormonema sp.
NCYC 3171 



111 520 Pichia finlandica NCYC 3173 112 673 Pichia
haplophila NCYC 3177 113 692 Rhodosporidium
paludigenum NCYC 3179 114 40 Rhodosporidium
sphaerocarpum NCYC 3180 115 46 Rhodosporidium
toruloides UOFS Y-0471 116 AIf 0 1 Rhodosporidium
toruloides NCYC 3181 117 AIf 02 Rhodosporidium
toruloides UOFS Y-0518 118 Car 003 Rhodosporidium
toruloides UOFS Y-2222 119 Car 006 Rhodosporidium
toruloides UOFS Y-2223 120 Car 038 Rhodosporidium
toruloides UOFS Y-2228 121 Car 052 Rhodosporidium
toruloides UOFS Y-2230 122 Car 059 Rhodosporidium
toruloides UOFS Y-2231 123 Car 067 Rhodosporidium
toruloides UOFS Y-2236 124 Car 070 Rhodosporidium
toruloides UOFS Y-2237 125 Car 076 Rhodosporidium
toruloides UOFS Y-2238 126 Car 077 Rhodosporidium
toruloides UOFS Y-2239 127 Car 078 Rhodosporidium
toruloides UOFS Y-2240 128 Car 092 Rhodosporidium
toruloides UOFS Y-2241 129 Car 093 Rhodosporidium
toruloides UOFS Y-2242 130 Car 094 Rhodosporidium
toruloides UOFS Y-2243131 Car 100 Rhodosporidium
toruloides UOFS Y-2245 132 Car 103 Rhodosporidium
toruloides UOFS Y-2246 133 Car 108 Rhodosporidium
toruloides UOFS Y-2247 134 Car 118 Rhodosporidium
toruloides NCYC 3182 135 Car 120 Rhodosporidium
toruloides UOFS Y-2249 136 Car 121 Rhodosporidium
toruloides UOFS Y-2250 137 Car 126 Rhodosporidium
toruloides UOFS Y-2251 138 Car 131 Rhodosporidium
toruloides UOFS Y-2252 139 Car 134 Rhodosporidium
toruloides UOFS Y-2253 140 Car 142 Rhodosporidium
toruloides UOFS Y-2255 141 Car 204 Rhodosporidium
toruloides UOFS Y-2257 142 Car 205A Rhodosporidium
toruloides UOFS Y-2258 143 Car 209 Rhodosporidium
toruloides UOFS Y-2260 144 Car 210 Rhodosporidium
toruloides UOFS Y-2261 145 C 09 Rhodotorula araucariae
NCYC 3183 146 EP 230 Rhodotorula aurantiaca NCYC 3185
147 50 Rhodotorula glutinis NCYC 3186 148 185
Rhodotorula glutinis UOFS Y-0559 149 680 Rhodotorula
glutinis NCYC 3203 150 681 Rhodotorula glutinis UOFS
Y-0653 151 713 Rhodotorula glutinis UOFS Y-0489 152
AIf 06 Rhodotorula glutinis UOFS Y-0513 153 Car 022
Rhodotorula glutinis UOFS Y-2227 154 Car 060
Rhodotorula glutinis UOFS Y-2232 155 Car 061
Rhodotorula glutinis UOFS Y-2233 156 Car 062
Rhodotorula glutinis UOFS Y-2234 157 Car 066
Rhodotorula glutinis UOFS Y-2235 158 Car 075
Rhodotorula glutinis UOFS Y-2265 159 Rh24 Rhodotorula
glutinis UOFS Y-0519 160 714 Rhodotorula minuta NCYC
3187 161 Rh46 Rhodotorula minuta UOFS Y-0126 162 686
Rhodotorula minuta var. minuta NCYC 3188 



163 712 Rhodotorula minuta var. minuta UOFS Y-0835 164
23 Rhodotorula mucilaginosa NCYC 3190 165 174
Rhodotorula philyla NCYC 3191 166 24 Rhodotorula sp.
UOFS Y-2042 167 37 Rhodotorula sp. UOFS Y-0448 168 165
Rhodotorula sp. NCYC 3193 169 172 Rhodotorula sp. NCYC
3192 170 158 Rhodotorula sp. minuta /mucilaginosa NCYC
3194 171 690 Rhodotorula sp. nearest minuta UOFS
Y-0125 172 Jen 3 1 Sporidiobolus microsporus NCYC 3224
173 BVO 09 Sporobolomyces holsaticus NCYC 3198 174 N
15 Trichosporon beigelii NCYC 3200175 232 Trichosporon
cutaneum var. cutaneum NCYC 3202 176 15 Trichosporon
mucoides NCYC 3206 177 223 Trichosporon mucoides UOFS
Y-01 16 178 19 Trichosporon ovoides NCYC 3207 179 59
Trichosporon sp. UOFS Y-0861 180 224 Trichosporon sp.
UOFS Y-0449 181 225 Trichosporon sp. NCYC 321 1 182
231 Trichosporon sp. NCYC 321 0 Table 11 . (s ampies
183- 206 ). Hydrolysis of frans-1-phenylpropene oxide
by selected yeasts (20% cells, 50 mM epoxide, 3
hours). % NO SNO Culture conversion Yeast Strain
collection no. of 1S.2Sepoxide 183 15 Trichosporon
mucoides NCYC 3206 90 184 223 Trichosporon mucoides
UOFS Y-0116 84 185 228 Trichosporon beigelii UOFS
Y-1580 65 186 225 Trichosporon sp. NCYC 321 1 50 187
224 Trichosporon sp. UOFS Y-0449 46 188 232
Trichosporon cutaneum var. cutaneum NCYC 3202 43 189 2
1 Trichosporon cutaneum var. cutaneum UOFS Y-0063 39
200 231 Trichosporon sp. NCYC 321 0 37 201 230
Cryptococcus albidus NCYC 3156 30 202 155 Trichosporon
sp. NCYC 3212 27 203 229 Trichosporon sp. UOFS Y-21 13
25 204 227 Geotrichum sp. UOFS Y-011 1 24 205 50
Rhodotorula glutinis NCYC 3186 22 206 14 Trichosporon
mucoides NCYC 3205 19 Only the (1S,2S)- enantiomer was
hydrolysed by these yeasts. No conversion of the
(1R,2R) enantiomer was observed. Only yeast strains
that converted > 20% of the (1S.2S) enantiomer in 3
hours are shown.Table 12. (s ampies 207- 221 ). Yeast
strains exhibiting stereoselectivitffor hydrolysis of
indene oxide NO SNO Culture ees {%) Conversion Yeats
Strain Collection no (1R,2S) (%) 207 Rhodosporidium
toruloides NCYC 3215 76.2 a 75.3 a 208 50 Rhodotorula
glutinis NCYC 3186 61.0 a 70.8 a 209 AB49 Cryptococcus
podzolicus UOFS Y-1882 52.1 a 75.2 a 210 EP230
Rhodotorula arauntiaca NCYC 3185 36.6 a 80.7 a 211 681
Rhodotorula glutinis UOFS Y-0653 30.0% 94.0 a 212
Car-22 Rhodotorula glutinis UOFS Y-2227 29% 63.0 a 213
25 Rhodotorula araucariae NCYC 3183 23.2 a 84.3 a 



214 POH 20 Rhodosporidium toruloides NCYC 3216 18.4 b
56.0 b 215 POH-28 Rhodosporidium toruloides NCYC 321 5
17% 62.0 b 216 Car-38 Rhodosporidium toruloides UOFS
Y-2228 15% 46.0 b 217 Car-52 Rhodosporidium toruloides
UOFS Y-2230 15% 48.0 b 218 185 Rhodotorula glutinis
UOFS Y-0559 8% 58.0 a 219 Jen 3 1 Sporidiobolus
salmonicolor NCYC 3196 7.6  39.9 c 220 Car205B
Trichosporon montevideense NCYC 3225 5.8 a 88.9 a 221
692 Rhodosporidium paludiqenum NCYC 3179 5.4 b 40.1
Each culture was grown in YPD liquid media and
harvested after 3 days. a The biotransformations were
conducted at 50% wet mass/volume biocatalyst loading
in 50 mM Indene oxide, at 250C for 1 hour. b Conducted
at 25% wet mass/volume biocatalyst loading at 250C for
40 minutes. c Conducted at 25% wet mass/volume
biocatalyst loading at 250C for 30 minutes. All
negative controls in absence of biocatalyst showed
'conversions' of <5% and 'ee values' of <2% initial
starting values. Example IV: Production of recombinant
host strains expressing YEIH Sequencing, cloning and
overexpression of YEIH coding sequences in a
production host Microbial strains, plasmids and
oligonucleotides Microbial strains, plasmids and
oligonucleotides used in this study are listed in
Tables 13,14 and 15, respectively. Table 13. Microbial
trains used in these studies Source / Strain Genotype
/ Description ReferenceTef D(mcrA)183
D(mcrCB-hsdSMR-mrr)173 Stratagene, E. CO// XL-IO GoId
endA1 supE44 thi-1 recA1 gyrA96 relA1 lac Hte USA [F'
proAB lacPZDM15 TnW (Tef) Amy Camr] . C. neoformans
#777 CBS 132 R. mucilaginosa #23 UOFS Y-0137 R.
araucariae #25 NCYC 3183 R. toruloides #46 UOFS Y-0471
R toruloides # 1 NCYC 3181 R. paludigenum #692 NCYC
3179 C. curvatus # Car 54 NCYC 3158 Madzak etal. Y.
lipolytica PoIh MATA, ura3-302, uxpr2-322, axp1-2)
(2003) PoIh transformed with YL-23 TsA pYLTsA carrying
the This study mEH from R. mucilaginosa (UOFS Y-0198).
YL-777 TsA PoIh transformed with pYLTsA carrying the
This study mEH from C. neoformans (CBS 132). YL-25 TsA
PoIh transformed with pYLTsA carrying the This study
mEH from R. araucariae (NCYC 3183). YL-46 TsA PoIh
transformed with pYLTsA carrying the This study mEH
from R. toruloides (UOFS Y-0471 PoIh transformed with
pYLTsA carrying the YL-1 TsA This study mEH from R.
toruloides (NCYC 3181) YL-692 TsA PoIh transformed
with pYLTsA carrying the This study mEH from R
paludigenum (NCYC 3179). YL-Car 54-TsA PoIh
transformed with pYLTsA carrying the This study mEH
from C. curvatus (NCYC 3158). YL-23 HmA Po1 h
transformed with pYLHmA carrying the This study 



mEH from R. mucilaginosa (UOFS Y-0198). YL-777 HmA
PoIh transformed with pYLHmA carrying the This study
mEH from C. neoformans (CBS 132). YL-25 HmA Po1 h
transformed with pYLHmA carrying the This study mEH
from R araucariae (NCYC 3183). YL-46 HmA PoIh
transformed with pYLHmA carrying the This study mEH
from R toruloides (UOFS Y-0471 PoIh transformed with
pYLHmA carrying the YL-1 HmA This study mEH from R
toruloides (NCYC 3181)PoIh transformed with YL-692 HmA
pYLHmA carrying the This study mEH from R. paludigenum
(NCYC 3179). PoIh transformed with pYLHmA carrying the
YL-Car 54-HmA This study mEH from C. curvatus (NCYC 3
158).. Table 3. Plasmids used in these studies Source
/ Plasmid Description Reference pGEM(r)-T General
vector containing T overhangs for cloning of Promega,
Easy adenylated PCR products. USA Single copy
integrative shuttle vector containing KanR and ura3d1
selective markers. Random integration into Nicaud et
al. plNA1313 PoIh genome through the ZETA transposable
element. (2002) The plasmid contains the synthetic
promoter, hp4d, and the Y. lipolytica LIP2 signal
peptide. Single copy Zeta element based integrative
shuttle pKOV96 = vector containing KanR and carrying
the non-defective pYLTsA ura3d1 selection marker.
Similar to plNA1313, with This study hp4d replaced
with TEF promoter and Y. lipolytica LIP2 signal
sequence removed. Multiple copy integrative shuttle
vector containing KanR pYLHmA = and ura3d4 selective
markers. Random integration into Nicaud et al plNA1
291 Po1 h genome through the ZETA transposable
element. (2002) The plasmid contains the synthetic
promoter, hp4d. pGEM(r)-T Easy harboring the YEIH ORF
from C. pGEM-777 This study neoformans (CBS 132).
pGEM(r)-T Easy harboring the mEH ORF from R pGEM-23
This study mucilaginosa (UOFS Y-0 198). pGEM(r)-T Easy
harboring the mEH ORF from R. pGEM-46 toruloides (UOFS
Y-0471). This study pGEM(r)-T Easy harboring the mEH
ORF from R. pGEM-25 This study araucaae (NCYC 3183).
pGEM(r)-T Easy harboring the mEH ORF from R. pGEM-692
paludigenum (NCYC 3179). This study pGEM-Car pGEM(r)-T
Easy harboring the mEH ORF from C. 54 curvatus (NCYC
3158). This study pYL-777- pYL TsA harboring the EH
ORF from C. neoformans TsA (CBS 132). This study pYL
TsA harboring the EH ORF from R. mucilaginosa
pYL-23-TsA This study (UOFS Y-OI 98).pYL TsA harboring
the mEH ORF from R. araucariae This study pYL-25-TsA
(NCYC 3183). 



pYL TsA harboring the EH ORF from R. toruloides This
study pYL-46 TsA (UOFS Y-0471). pYL TsA harboring the
EH ORF from R. toruloides This study pYL-1-TsA (NCYC
3181). pYL-692- pYL TsA harboring the EH ORF from R.
paludigenum This study TsA (NCYC 3179). pYL-Car 54-
pYL TsA harboring the EH ORF from C. curvatus This
study TsA (NCYC 3158). pYL-777- pYLHmA harboring the
EH ORF from C. neoformans This study HmA (CBS 132).
pYL-23- pYLHmA harboring the EH ORF from R.
mucilaginosa This study HmA (UOFS Y-0198). pYL-25-
pYLHmA harboring the mEH ORF from R. araucariae This
study HmA (NCYC 3183). pYLHmA harboring the EH ORF
from R. toruloides This study pYL-46 HmA (UOFS
Y-0471). pYLHmA harboring the EH ORF from R.
toruloides This study pYL-1-HmA (NCYC 3181). pYL-692-
pYLHmA harboring the EH ORF from R. paludigenum This
study HmA (NCYC 3179). pYL-Car 54- pYLHmA harboring
the EH ORF from C. curvatus This study HmA (NCYC
3158). Table 4. Oligonucleotide primers used in these
studies Restrictio n sites Primer Name Sequence in 5'
to 3'orientati on Introduce d C. neoformans- TGG ATC
CAT GTC GTA TTC AGA CCT TCC CC BamH\ 1F (SEQ ID NO:
15) C. neoformans- TGC TAG CTC AGT AAT TAC CTT TGT ACT
TCT Nhe\ 1R CCC AC (SEQ ID NO:16) R \ , , AGA TCT ATG
CCC GCC CGC TCG CTC (SEQ ID mucilaginosa - NQ. 1 7 \-
BgIW R. TCC TAG GCT ACG ATT TTT GCT CCT GAG AGA Av\
mucilaginosa - GAG (SEQ ID N0:18)1R R toruloides- 1F
GTGGATCCA TGGCGACACACA (SEQ ID NO:19) BamHl R
toruloides- GACCTAGG CTACTTCTCCCACA (SEQ ID NO:20) Av
\IBIn\ 1R R.araucariae- GATTA ATGATCA ATGAGCGAGCA (SEQ
ID NO-.21) BcII 



1F R.araucariae- GACCTAGGT CACGACGACAG (SEQ ID NO:22)
BInI 1R R paludigenum- GTGGATCCA TGGCTGCCCA (SEQ ID
NO.23) SamHI 1F R paludigenum- GAGCTAGC TCAGGCCTGG
(SEQ ID NO:24) Nhqi 1R Car 54. - 1F GTGGATCCA
TGGCGACACACA (SEQ ID NO:25) SamHI Car 54AR GACCTAGGC
TACTTCTCCCACA (SEQ ID NO.26) AwII
CCTAGGGTGTCTGTGGTATCTAAGC Integration screening for
Integration-1F (SEQ ID NO:27) PoIh CCGTCTCCGGGAGCTGC
(SEQ ID Integration screening for Integration- 1R
NO:28) PoIh CATACAACCACACACATCCA (SEQ Integration
screening for plNA-1 ID NO:29) PoIh
TAAATAGCTTAGATACCACAG (SEQ Integration screening for
plNA-2 ID NO.-30) PoIh Recombinant DNA techniques
General genetic techniques Standard genetic techniques
were used according to Sambrook and Russell (2001).
Restriction and modifying enzymes were obtained from
Fermentas Life Sciences (Burlington, Ontario, Canada).
pGEM(r)-T Easy (Promega, Madison, Wl, U.S.A.) and
pcrSMART(tm) (Lucigen, Middleton, Wl, U.S.A.) vectors
were used for cloning of adenylated and non-adenylated
PCR products, respectively. PCR screening for correct
integration was performed using Tag DNA polymerase
(New England Biolabs, Ipswich, MA, U.S.A). PCR and gel
band purification was performed using the GFX(tm) PCR
DNA and Gel Band Purification Kit (Amersham
Biosciences, Piscataway,NJ, U.SA). Nucleic acid
concentrations were determined using a Eppendorf
BioPhotometer (Eppendorf, AG1 Hamburg, Germany).
Polymerase chain reactions (PCRs) were carried out,
unless otherwise stated, using Expand High Fidelity
(EHF) PCR system (Roche Molecular Biochemicals,
Mannheim, Germany) according to the manufacturer's
recommendations. The reaction mixture contained 5 ml
of the 10 x EHF buffer containing 15 mM MgCI2, 300 nM
upstream and downstream primers, 200 mM dNTPs, 0.5 mg
template DNA, 2.6 units of the EHF enzyme mix, filled
to a final volume of 50 ml using sterile redistilled
water. Thermal cycling was performed using an
Eppendorf Mastercycler Personal (Eppendorf AG) with
the following cycling program, unless otherwise
stated: initial denaturation of 5 min at 94 0C, 40
cycles of denaturation (94 0C for 15 sec), annealing
(primer dependent for 30 sec), elongation (72 0C for
90 sec with extended elongation time of 5 sec per
cycle starting from cycle 10). Final elongation of 10
min at 72 0C was performed to complete elongation of
the amplified product. All PCR and DNA products were
electrophoresed and assessed on a 1% (w/v) agarose gel
containing 2.5 mg/ml ethiduim bromide. The agarose
gels were prepared and electrophoresed in TAE buffer
[0.1 M Tris, 0.05 M EDTA (pH 8.0) and 0.1 mM 



glacial acetic acid] at 5.6 V/cm for 45 min. DNA was
visualized under a high radiation UV source, while DNA
to be isolated from agarose gels for further studies
was visualized using a low radiation UV source prior
to isolation. Transformation of modified plasmid
vectors were performed as follows: 80 ml of competent
Top 10(r) E. coli cells (Inoue etal., 1990) were
transformed with the ligation mixture containing the
coding sequence of interest ligated into a suitable
amplification vector. The transformation was performed
as described by Sambrook et al. (1989) and the cells
were plated onto LB plates supplemented with
ampicillin (60 mg/l), IPTG [isopropylthio-
b-D-galactoside ( 10 mg/l)] and X-gal
[5-bromo-4-chloro-3-indoly- b-Dgalactoside (40 mg/l)].
Plates were incubated at 37 C for 16 hours. Positive
transformants were selected and inoculated into 5 ml
LB-media supplemented with ampicillin (10 ml/ml).
Transformants were allowed to grow for 16 hours while
shaking at 37 0C. DNA mini-preparations were performed
using the lysis by boiling method(Sambrook et at,
1989). Screening for the correct recombinant plasmids
was performed using restriction analysis and/or
sequence analysis. DNA from positive clones were
purified using the GFX(tm) PCR DNA and gel band
purification kit (Amersham) and eluted into 50 ml
elution buffer (10 mM Tris-HCI, pH 8.5). The purified
plasmids were used in sequencing reactions to
determine the nucleotide composition of the various
coding sequences. The plasmids were sequenced using
the ABI Prism(r) Big Dye(tm) Terminator Cycle
Sequencing Ready Reaction Kit v. 3.0 or 3.1 (Applied
Biosystems, Foster City, CA, USA) according to the
manufacturer's instructions. Approximately 30 - 50 %
of each sequencing reaction was loaded onto a 4 %
acrylamide gel, separated at 1.6 kV and data collected
on an ABI Prism 377 DNA Sequencer (Perkin Elmer,
Wellesly, MA, USA). The data was analyzed using
Sequencing Analysis v . 3.3 (Perkin Elmer). Sequences
were assembled using AutoAssembler v. 3.3 (Perkin
Elmer). Reverse-complementation and alignments were
done using DNAssistv. 2.0 (Perkin Elmer). Media and
growth conditions Luria-Bertani (LB) broth (Sambrook
et al., 1989) was used for Escherichia coli
cultivation. The cells were cultivated at 370C with
aeration under selective pressure with 60 mg/ml
ampicillin or 50 mg/ml kanamycin in liquid and solid
media when required. Y. lipolytica, R. toruloides, R.
paludigenum, R. araucariae and R. glutinis cultures
were maintained on solid YPD medium or grown in YPD
broth cultures containing yeast extract (10 g/l),
peptone (10 g/l) and glucose (20 g/l) or supplemented
with agar (1.5 g/l) for solid media. For induction
experiments cells were grown in GPP medium (50 mM
phosphate buffer (pH 7.5), glycerol (1 %, v/v),
proteose peptone (0.34 %), adenine (50 mg/l) and yeast
nitrogen base (0.34 %, without amino acids and
ammonium sulfate). For the transformants carrying the
hp4dp promoter, cells were cultivated in YPD medium in
shake flasks at 28 0C . Selection of transformants
using URA3 as auxotrophic marker was performed using
YNB casamino acids medium [YNB without amino acids,
ammonium sulphate (1.7 g/l), NH4CI (4 g/l), glucose
(20 g/l), casamino acids (2 g/l), and agar (15 g/l)]
supplemented with 300 mg/l leucine].Construction of
pYLHmA, a multi-copy integrative vector without a
secretion signal (HmA transformants) plNA1291 (Fig. 5)
was obtained from Dr.Ca therine Madzak of labo de
Genetique, INRA, CNRS, France. This plasmid was
renamed pYLHmA [Yarrowia Lipolytica expression vector,
with Hp4d promoter, Multi-copy integration selection,
A = no secretion signal) Construction of a single-copy
plasmid (pYL-TsA) containing the constitutive TEFP and
no signal peptide The quasi-constitutive hp4d promoter
(Madzak et a/., 2000) was replaced with the 



constitutive TEF promoter (Mller et a/., 1998) in the
mono-integrative plasmid plNA1313 (Nicaud etal.,
2002). The use of the TEF promoter aided in the
activity screening experiments, since the hp4d
promoter is growth phase dependent (only active from
early stationary phase), whereas the TEF promoter
drives constitutive expression to limit induction
differences between yeasts grown during activity
screening and on flask scale. The hp4d promoter in
plNA1313 was replaced with the TEF promoter using C/al
and Hin Wl restriction sites, followed by the PCR
removal of the LIP2 signal peptide using primers
-sigP-1F and -sigP-1R. The purified PCR mixture was
treated with SamHI and H/ndlll (where H/ndlll digested
the template DNA but not the PCR product) to prevent
recircularization of the template DNA, thereby
preventing concomitant template contamination of
transformation mix upon ligation. The PCR product was
allowed to circularize using T4 DNA ligase to join the
compatible SamHI ends resulting in plasmid pKOV96
=pYLTsA (Fig. 6). The YEIH coding sequences of #1,
#23, #25, #46, #692 & #777 and Candida albicans (Ca)
were amplified using the primers in Table 3. The
amplified YEIH coding sequences and the pKOV96 =
pYLTsA plasmid were digested with the appropriate
restriction enzymes to create compatible cohesive ends
suitable for ligation of the YEIH coding sequences
into the SamHI - Av \ cloning sites of the plasmid,
resulting in plasmids pYL1-TsA, pYL-23TsA, pYL-25TsA,
pYL-46TsApYL-692TsA, pYL777-TsA and pYL-Ca-TsA.
Nucleic acid isolation, amplification, cloning and
sequencing of epoxide hydrolase encoding coding
sequences Yeast strains were obtained from the UOFS
yeast culture collection and were cultivated in 50 ml
YPD media (20 g/l peptone; 20 g/l glucose; 10 g/l
yeast extract) at 300C for 48 hours while shaking.
Cells were harvested by centrifugation and the
subsequent pellet was either frozen at -700C for RNA
isolation or suspended to a final concentration of 20%
(w/v) in 50 mM phosphate buffer (pH 7.5) containing
20% (v/v) glycerol and frozen at -7O0C for DNA
isolation. DNA isolation entailed addition of 500 ml
lysis solution (100 mM Tris-HCI, pH 8.0; 50 mM EDTA1
pH 8.0; 1% SDS) and 200 ml glass beads (425 - 600 mm
diameter) to 0.4 g wet cells, followed by vortexing
for 4 min, cooling on ice and addition of 275 ml
ammonium acetate (7 M, pH 7.0). After incubation at
65C for 5 min followed by 5 min on ice, 500 ml
chloroform was added, vortexed and centrifuged (20 000
x g, 2 min, 4C). The supernatant was transferred and
the DNA precipitated for 5 min at room temperature
using 1 volume iso-propanol and centrifuged (20 000 x
g, 5 min, 4C). The pellet was washed with 70% (v/v)
ethanol, dried and re-dissolved in 100 ml TE (10 mM
Tris-HCI; 1mM EDTA, pH 8.0). Total RNA isolation
entailed grinding 10 g wet cells under liquid nitrogen
to a fine powder, 0.5 ml of the powder was added to a
pre-cooled 1.5 ml polypropylene tube and thawed by the
addition of TRIzol(r) solution (Invitrogen). The
isolation of total RNA using TRIzol(r) was performed
according to the manufacturer's instructions. The
total RNA isolated was suspended in 50 ml formamide
and frozen at -70C for further use. Reverse
transcription of total RNA into cDNA was peformed as
follows. To isolate the cDNA sequence, primers were
designed according to the sequence data available and
used in a two step RT-PCR reaction as follows. First
strand cDNA synthesis was performed on total RNA using
Expand Reverse Transcriptase (Roche Applied Science)
in combination with primer Rm CDNA-2R at 42C for 1
hour followed by heat inactivation for 2 minutes at
95C. The newly synthesized cDNA was amplified using
primers Rm CDNA-2F and Rm cDNA-1 R (initial
denaturation for 2 minutes at 94C; followed by 30
cycles of 94C for 30 sec; 67C for 30 sec; 72C for 2
min and a final elongation of 72Cfor 7 min). Forward
and reverse primers (Table 15) were designed to
introduce the required 



restriction sites during PCR to allow for subcloning
of the EH encoding coding sequences into the multi-coy
vector pYL-HmA. All YEIH encoding coding sequences
were PCR amplified using Expand High Fidelity Plus PCR
System (Roche Applied Sciences). Thermal cycling
entailed initial denaturation of 2 min at 94C followed
by 30 cycles of 94C for 30 sec, Tm- 5C for 30 sec (Tm
was calculated using the modified nearest neighbor
calculation obtained from Integrated DNA Technologies,
Coralville, IA, U.SA ww w.idtdna.com ) and 720C for 2
min. A 10 min at 72C final elongation step was
included to allow complete synthesis of amplified DNA.
PCR products were gel purified and cloned into
pGEM(r)-T Easy. Vectors containing the YEIH encoding
coding sequences of interest were transformed into
XL-10 Gold(r) E. coli for plasmid amplification and
sequencing. The YEIH encoding coding sequences were
subjected to restriction and sequence analysis
(sequencing performed by Inqaba Biotechnical
Industries) before transfer of the coding sequences
from the cloning vectors to the expression vectors.
The cloning vectors containing the YEIH encoding
coding sequences were treated with the restriction
enzyme pairs indicated in Table 15, to liberate the
YEIH encoding coding sequences. The liberated
fragments were ligated into BamHI and >4vtll
linearized pYLHmA expression vectors. Transformation
and selection of multiple copy transformants (YL-HmA
transformants) Y. lipolytica PoIh cells were
transformed with L/ofl linearized pYL-HmA vector
containing the YEIH encoding coding sequences
(according to the method described by Xuan et a/.,
1988) and plated onto YNBcaSaplates [YNB without amino
acids and ammonium sulfate ( 1.7 g/l), ammonium
chloride (4 g/l), glucose (20 g/l), casamino acids
(2g/l) and agar (15 g/l)]. Transformants were
subjected to genomic DNA isolation, followed by PCR
screening to confirm presence of the integrated
L/ofl-expression cassette. This entailed amplification
of a ~1.6 kb fragment using primers plNA-1 and plNA-2
in a standard PCR (annealing at 5O0C).Po1h
transformants that tested positive for activity were
inoculated into 200 ml YPD and incubated while shaking
at 28C for 48 hours (stationary phase). Cells were
harvested by centrifugation (6 000 x g for 5 min),
washed with and resuspended in 50 mM phosphate buffer
(pH 7.5) containing 20% glycerol (v/v) to a final
concentration of 50% (w/v) and stored at -200C for
future experiments. Example III: Production of
optically active frans-2,3-disubstituted epoxides and
vicinal diols This example illustrates the use of a
wild type yeast strain selected from Trichosporon
genus and recombinant host strains transformed with
YElH coding sequences to produce optically active
epoxides and vicinal diols from trans-1- phenylpropene
oxide. Fig. 7A shows the change in concentrations of
the epoxide and diol enantiomers with time during the
hydrolysis of trans-1-phenylpropene oxide by
Trichosporon mucoides NCYC 3206. Fig. 7B shows the
enantiomeric excess of the epoxide and diol at
different conversions. The yield of the optically
active epoxide or diol that can be obtained at the
required enantiomeric purity can be seen from these
graphs. Fig. 8 shows two samples of the hydrolysis of
trans-1-phenyl propene oxide by recombinant host
strains YL-46 HmA and YL-1 HmA rspectively, expressing
the YEIH from Rhodosporidium toruloides strains (#46 =
UOFS Y-0471 , Fig. 8A) and # 1 = NCYC 3181, Fig. 8B).
During the screeening of different wild type strains
for the hydrolysis of frans-1- phenyl propene oxide
enantiomers, Rhodosporidium toruloides strains
displayed such low activity compared to Trichosporon
mucoides (Table 11) that they were not selected 



as examples for Table 11. However, when these YEIH
were expressed in the host, the hydrolysis of racemic
trans-L-phenyl propene oxide proceeded with excellent
activity ans selectivity. Expression of the YEIH in
the host strain thus caused a marked improvement in
the hydrolysis rate, while the excellent
enantioselectivity displayed by the wild type strains
was maintained.Example IV: Production of optically
active (R,R)-2,3-buanediol from cis-2,3- epoxybutane
Strains were selected from Table 7 based on the ee's
observed during screening and used for
biotransformation reactions that were monitored over
time. Selected reactions of the hydrolysis of
cis-2,3-epoxybutane by wild type yeast strains are
shown in Fig. 9A and Fig. 9B. The ee of the formed
diols were high (>80% in most cases). Significant
enhancement of reaction rates and higher enantiomeric
excesses (>95%) were achieved using recombinant host
strains overexpressing the YEIH.ex amples of which are
shown in Figs.1 OA and 10B. Example V: Production of
optically active (1R,2S)-indene oxide and (1R,2R)
indanediol from racemic indene oxide by wild type
yeast strains Over 300 wild type yeasts were grown up
and screened as described in Example 1. The yeasts
were isolated from the UOFS culture collection
(University of Free State, Bloemfontein, Republic of
South Africa) and were selected based on the ability
to metabolise terpene type substrates. Approximately
95% of the yeasts screened showed hydrolytic activity
on racemic indene oxide Qudged by diol formation on
TLC). Approximately 20% of the active yeast strains
screened showed enantioselective hydrolysis activity
and all the activities observed resulted in
accumulation of the ( 1R,2S) epoxide enantiomer,
opposite to the selectivity observed by Chartrain (US
5,849,568). Table 12 illustrates the yeasts exhibiting
highest enantiomeric selectivity on 50 mM indene
oxide. The wild type yeasts were grown in shake flask
culture and harvested as described above. The protocol
followed for the screen was as follows: ? To 500 ul of
wild type cell suspension [cell pellet from flask
culture suspended to 50% m/v (wet mass) in 50 mM
phosphate buffer, pH 7.5, 20 % w/v glycerol] in 1.5 ml
Eppendorf tubes, 5 ul from a 5.5 M substrate stock
solution (in EtOH) was added to give a final indene
oxide concentration of 50 mM. ? The tubes were
incubated at 250C for 1 hour on an Eppendorf shaker. ?
The reactions were stopped by the addition of 300 ul
of hexane, vortexed for 1 minute, centrifuged at 13
000 rpm f or 5 min. ? The hexane layer was transferred
into HPLC vials for chiral analysis.Some reactions
were repeated over longer or shorter times and with
more dilute cell suspensions (10%w/v) in order to
analyse the reactions at suitable conversions.
Activity for indene oxide was present in most of the
260 yeast strains tested. Selectivity of the wild type
strains was only moderate under the reaction
conditions used. Of the yeast genera screened,
Rhodosporidium,R hodotorula.Cr yptococcus,
Sporidiobolus and Trichosporon showed the greatest
potential as catalysts for the resolution of racemic
indene oxide although several other yeast genera such
as Bretanomyces and Dekkera also showed some
enantioselectivity. A representative example of the
hydrolysis of indene oxide by Rhodotorula glutinis and
Rhodoporidium toruloides strains is given in Fig. 11
that shows the hydrolysis of indene oxide by
Rhodotorula glutinis NCYC 3186. Rhodotorula and
Rhodosporidium species were chosen as examples for
further evaluation in recombinant overexpression
hosts. Rhodosporidium paludigenum NCYC 3179 was
specifically included as it displayed the worst
performance of the yeasts selected (Table 12). Example
Vl: Small scale biotransformations at 100 mM (12g/l)
racemic indene oxide substrate loading using whole
cell biocatalyst comprising recombinant 



Yarrowia lipolytica strains expressing the YEIH coding
sequences isolated from Rhodosporidium and Rhodotorula
strains under different promoters. For the purposes of
the studies described herein, useful polypeptides
exhibiting epoxide hydrolase activity on indene oxide
have been over-expressed in Yarrowia lipolytica yeast
host and examples of biocatalyst production and
biotransformation resolutions of indene oxide using
recombinant Yarrowia lipolytica are provided.
Recombinant YL-HmA and YL-TsA strains were produced by
integrative insertion of a polypeptide exhibiting
epoxide hydrolase activity isolated from wild type
strains and cloned into Yarrowia lipolytica under two
different promoter systems (TEF and hp4d promoters) as
described in Example 3. YL-HmA and YL-TsA
transformants were cultivated at 25 0C in 250 ml shake
flasks containing 50 ml sterilised liquid rich media,
the latter comprising yeast extract (5 g.L 1) , malt
extract (20 g.L 1) , peptone (10 g.L 1) and glucose
(15 g.L" 1) . After 48 hours, biomass was harvested by
centrifugation (3000 rpm, 15 min, 5 0C) and
resuspended to 10 % (w/v) in phosphate buffer [50 mM,
pH 7.5, containing 20 % (v/v) glycerol] andfrozen
until required. Of each YL-TsA transformant, 5 ml of a
10 % (w/v) whole cell suspension and of each YL-HmA
transformant, 5 ml of a 5% (W/v) whole cell suspnsion
(prepared as described above) was dispensed into a
glass reaction vial fitted with a screw cap and a
rubber septum, and stabilised at 20 0C for 30 min. A 2
M stock solution of indene oxide (synthesised in-house
Example 1) in absolute ethanol was prepared. Reactions
were started by addition of 250 ml of the substrate
stock, yielding a final concentration of 12g/l. The
reactions were incubated at 20 0C on a magnetic
stirrer for 60 min, stirring at 500 rpm. Samples (300
ml) were taken regularly, extracted with 500 ml
hexane, vortexed for 30 sec and centrifuged at 13000
rpm for 3 min, after which the organic layers were
removed, dried over anhydrous MgSO4 and analysed by
chiral high performance liquid chromatography (HPLC).
Determination of IE concentration(s) and enantiomeric
excess was achieved using a Chiralcel OB-H column,
using hexane:ethanol (90:10) mobile phase, at constant
flow rate of 1 ml.min 1. The maximum yield achievable
is 50% based on a racemate starting substrate. The
hydrolysis profiles of indene oxide by the different
YL-TsA and YL-HmA transformants that displayed the
best activity and selectivity are given in Fig. 12 A
(YL-1 TsA & YL-1 HmA), 12B (YL-23 TsA and YL-23 HmA)
and 12C (YL-692 TsA and YL-692 HmA). In all cases, the
YL-HmA transformants displayed higher activities than
the YLTsA transformants (Table 13) and complete
resolution of racemic indene oxide under the reaction
conditions used to produce ( 1 R,2S)-indene oxide
enantiomerically pure (ee > 98%) was only achieved by
the multi-copy YL-HmA transformants, except for
Rhodopordium paludigenum NCYC 3179 where resolution
was also achieved with the YL-TsA transformant.
Surprisingly, YL-transformants expressing the YEIH
coding sequence from Rhodopordium paludigenum NCYC
3179 displayed the highest activity and selectivity,
in contrast to the wild type screening results where
this strain displayed the least interesting activity
and selectivity of the strains tested. For YL-692 HmA,
the hydrolysis reaction conducted at 100 mM indene
oxide and 5% cell loading resulted in a hydrolysis
rate that was too fast to follow the time-course
reaction reliably (data not shown). The reaction was
thus repeated at double the substrate concentration
(200 mM), and was still completed in 5 minutes. The
reaction was thus repeated at 2.5% mass/volume cell
loading (equivalent to <0.5% dry weight catalyst)
(Fig. 13) in order to obtain an accurate initial rate
of hydrolysis (Table 13).Table 13. Biotransformation
of 12 g/l indene oxide by Yarrowia lipolytica
transformants expressing YEIH coding sequences of
Rhodosporidium sp. and Rhodotorula sp. YL Activity
Final ee Yield of (1R,2S)-indene oxide Transformant
(nmol.min 1.mg wet wt "1) a (%) b @ >98% ee (%) 



YL-1 TsA 20 44.1% n.d. YL-1 HmA 100 98.0% 25 YL-23 TsA
1 1 50.5% n.d. YL-23 HmA 83 98.0% 30 YL-25 TsA 10
55.7% n.d. YL-25 HmA 112 98.0% 18 YL-46 TsA 15 57.9%
n.d. YL-46 HmA 66 64.4% n.d. YL-692 TsA 25 98.0% 38
YL-692 HmA c 147s 98.0% 35 Initial rate of indene
oxide hydrolysis b Percentage after 60 minutes
reaction duration with 10% wet mass/volume cell
suspension for YL-TsA transformants and 5% wet
mass/volume cell suspension for YL-HmA transformants
at pH 7.5, 2O0C at 12g/l indene oxide initial
substrate loading. c 2.5% wet mass/volume cell
suspension and 24 g/l substrate loading n.d., not
determined As evident from Table 13 and Fig. 12, both
YL-TsA and YL-HmA transformants expressing the YEIH
from Rhodoporidium paludigenum (#692) resulted
residual (1R,2S) indene oxide at >98% ee with yields
>35% out of a possible maximum theoretical yield of
50% at the point of ee>98%. The YL-692 HmA
transformant was thus used for preparative scale
biotransformations at 2 M indene oxide (264 g/L) in
the subsequent example. Example VII: Preparative scale
biotransformations at 264 g/l (2 M) substrate loading
using whole cell biocatalyst comprising recombinant
Yarrowia lipolytica strain YL-692HmA expressing the
epoxide hydrolase coding sequence isolated from
Rhodosporidium paludigenum NCYC 3179. YL-692 HmA
transformant was cultivated at 25C in 250 ml shake
flasks containing 50 ml sterilised liquid rich media,
the latter comprising yeast extract (5 g.L 1) , malt
extract (20 g.L" 1) , peptone (10 g.L 1) and glucose
(15 g.L 1) . After 48 hours, biomass was harvested by
centrifugation (3000 rpm, 15 min, 5 0C) and
resuspended to 10 % (w/v) in phosphate buffer [50 mM,
pH 7.5, containing 20 % (v/v) glycerol] andfrozen
until required. 13.5 gram wet weight whole cell
suspension of YL-692HmA, (prepared as described above)
was dispensed into 80 ml buffer in a glass reaction
vial fitted with a screw cap and a rubber septum, and
stabilised at 25 0C for 30 min. Crystalline indene
oxide powder (synthesised in-house as described in
Example 1) was added to a final concentration of 2 M
(264 gram epoxide per litre) by addition of 26.4 g
substrate to the 80 ml cell suspension and adjustment
of the final reaction volume to 100 ml. The reaction
was incubated on a temperature controlled magnetic
stirrer at 25 0C for 300 minutes, stirring at 500 rpm.
Samples (50OuI) were taken at regular intervals,
extracted with 9 ml hexane, vortexed for 30 sec and
centrifuged at 13000 rpm for 3 min, after which the
organic layers were removed, dried over anhydrous MgSO
and analysed by chiral high performance liquid
chromatography (HPLC). Determination of IE
concentration(s) and enantiomeric excess was achieved
using a Chiralcel OB-H column, using hexane:ethanol
(90:10) as the mobile phase, at a constant flow rate
of 1 ml.min 1. The maximum yield achievable is 50%
based on a racemate starting substrate. Fig. 14 shows
that the reaction was completed in 150 minutes with
32% yield of 1R,2S indene oxide at >98% ee on a
substrate loading of 2 mol/litre, significantly higher
than all previous reports. Good correlation was
achieved between the enantiomeric excesses at
different conversions between the small scale (24 g/l)
and larger scale (264 g/L) reactions (Fig. 15) showing
that the reaction can be scaled up without loss of 



selectivity. While the yield of homochiral epoxide was
only moderate in this example (32%) compared to a
theoretical maximum of 50%, those skilled in the art
know ofof well-established methods for increasing the
enantioselectivity of an enzyme. The homochiral indene
oxide can be recovered by standard downstream methods
and the stereochemistry of the isolated epoxide
inverted by standard chemical methods in order to form
(1S.2R) indene oxide for use as an API in synthesis of
Indinavir. Given that the choice of the YEIH coding
sequence from wild type isolate NCYC 3179 is not the
optimum based on the wild type screen results
described in Table 12, it is expected that more
suitable YEIH can be cloned from other yeast strains
such as Rhodotorula glutinis NCYC 3215.Example VIII.
Production of optically active tri-substituted
epoxides and ID (a) (+)-limonene-1,2-epoxide Pichia
haplophila NCYC 3176 (20% w/v) was incubated with 10
mM (+)-limonene- 1,2-epoxide (4R, mixture of cis and
trans) and the progress of the reaction was monitored
over time as described in Example 1 (Fig. 16). The
hydrolysis proceeded with excellent selectivity and
activity. Epoxide hydrolases from Pichia haplophila
strains are thus very useful catalysts for the
resolution of tri-substituted epoxides as exemplified
by (+)-limonene-1 ,2-epoxide. (b)
6,7-epoxygeranyl-1-ol YL-HmA transformants (10% w/v)
were incubated for 1 hour with the free alcohol of
6,7-epoxygeranyl-1-ol (100 mM) as well as with the
corresponding esters containing various protective
groups of the alcohol, such as acetate and W-phenyl
carbamate. The IE was hydrolysed to the correspondng
ID with excellent selectivity by Yarrowia lipolytica
transformants expressing epoxide hydrolases from
Rhodosporidium toruloides strains # 1(NCYC 3 18 1) and
#46 (UOFS Y-0471) , as well as from Rhodotorula
strains #25 and #692 (R araucariae NCYC 3183 and R.
paludigenum NCYC 3179). All reactions were stopped at
50% conversion, and yielded an enantiomerically pure
6,7- epoxygeranyl-1-ol (or acetate). The
enantio-identifications of the residual IE and the ID
product were not elucidated. Fig. 17 shows the typical
hydrolysis profile obtained for the hydrolysis of 6,7-
epoxygeranyl-1-ol by these strains. Under the reaction
conditions used (200 mM epoxide substrate, 10% cells),
the resolution is typically completed after 15-30
minutes for all strains tested. Example IX: Production
of optically active methylene interrupted bis-
epoxides and diols Yeast cells (20%w/v) were incubated
with linoleic acid bis-epoxide (50 mM) for 1 hour and
the reactions analysed by tic for diol formation.
Table 10 lists the yeast strains that are able to
hydrolyse linoleic acid bisepoxide with the formation
of the THF diol and tetraol (Fig. 3).Reac tion
mixtures of those strains that displayed activity,
were derivatised (methylated with diazomethane
followed by silylation) and subjected to nonchiral
GC/MS analysis to identify and quantify the products.
Enantiomer analysis wasnot done on the THF diols, but
the diastereoisomers and positional isomers were
identified as shown in Figs. 2, 3 and 4 for
Rhodotorula glutinis UOFS Y-0123. Similar profiles
were obtained for the other yeasts listed in Table 10.
Fig. 2 shows typical GC/MS profiles of the reaction
mixture of the hydrolysis of linoleic acid bisepoxide
by yeasts listed in Table 10 after methylation and
silylation (Example: Rhodotorula glutinis UOFS
Y-0123). The numbers of the peaks correspond to the
products assigned in Fig. 3. Fig. 3 shows typical
products formed during the hydrolysis of linoleic acid
bisepeoxide by the yeasts listed in Table 10.
(Example: Rhodotorula glutinis UOFS Y-0123); Fig. 4
shows MS data of major peak formed during hydrolysis
of linoleic acid bisepeoxide: 10,13-dihydroxy-9
(12)-oxyoctadecanoate.References Orru, R.V.A.,
Archelas, A., Furstoss, R. and Faber, K. (1999).
Epoxide hydrolases 



and their synthetic applications. Advances in
Biochemical Engineering/Biotechnology, 63, 145-167.
Madzak, C , Treton, B. and Blanchin-Roland, S. (2000).
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lipolytics. Journal of Molecular Microbiology and
Biotechnology 2, 207 - 216. M ller, S., Sandal, T.,
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transformation. J. Org. Chem.fi 3: 75-83. A number of
embodiments of the invention have been described.
Nevertheless, it will be understood that various
modifications can be made without departing from the
spirit and scope of the invention. Accordingly, other
embodiments are within the scope of the following
claims.WHAT IS CLAIMED IS: 1. A process for obtaining
an optically active internal epoxide (IE) or an
optically active internal diol (ID), which process
includes the steps of: providing an enantiomeric
mixture of an IE; creating a reaction mixture by
adding to the enantiomeric mixture a polypeptide, or a
functional fragment thereof, having enantioselective
IE hydrolase activity, the polypeptide being a
polypeptide encoded by a gene of a yeast cell;
incubating the reaction mixture; and recovering from
the reaction mixture: (a) an enantiopure, or a
substantially enantiopure, ID; (b) an enantiopure, or
a substantially enantiopure, IE; or (c) an
enantiopure, or a substantially enantiopure, ID and an
enantiopure, or a substantially enantiopure, IE. 2. A
process for obtaining an optically active internal
epoxide (IE) or an optically active internal diol
(ID), which process includes the steps of: providing
an enantiomeric mixture of an IE ; creating a reaction
mixture by adding to the enantiomeric mixture a cell
comprising a nucleic acid encoding, and capable of
expressing, a polypeptide having enantioselective IE
hydrolase activity; incubating the reaction mixture;
and recovering from the reaction mixture: (a) an
enantiopure, or a substantially enantiopure, ID; (b)
an enantiopure, or a substantially enantiopure, IE; or
(c) an enantiopure, or a substantially enantiopure, ID
and an enantiopure, or a substantially enantiopure,
IE. 3. The process of claim 1 or claim 2, wherein the
IE is a c/s-2,3,-disubstituted epoxide.4. The process
of claim 1 or claim 2, wherein the IE is a
frans-2,3,-disubstituted epoxide. 



5. The process of claim 1 or claim 2, wherein the IE
is a trisubstituted epoxide. 6. The process of claim 1
or claim 2, wherein the IE is a methylene interrupted
bisepoxide. 7. The process of any of claims 2 to 6,
wherein the cell is a yeast cell. 8. The process of
any of claims 1 to 7, wherein the polypeptide is
encoded by an endogenous gene of the cell. 9. The
process of any of claims 2 to 7, wherein the cell is a
recombinant cell and the polypeptide is encoded by a
nucleic acid sequence with which the cell is
transformed. 10. The process of claim 9, wherein the
nucleic acid sequence is a heterologous nucleic acid
sequence. 11. The process of claim 10, wherein the
nucleic acid sequence is a homologous nucleic acid
sequence. 12. The process of any of claims 1 to 11,
wherein the polypeptide is a full-length yeast
enantioselective internal epoxide hydrolase (YEIH).
13. The process of any of claims 1 to 11, wherein the
polypeptide is a functional fragment of a YEIH.14. Tne
process of any of claims 1 to 13, wherein the process
is carried out at a pH from 5 to 10. 15. The process
of any of claims 1 to 14, wherein the process is
carried out at a temperature of O0C to 7O0C. 16. The
process of any of claims 1 to 15, wherein the
concentration of the IE in the reaction matrix is at
least equal to the soluble concentration of the IE in
water. 17. The process of any of claims 1 to 16,
wherein the IE of the enantiomeric mixture and the
obtained optically active epoxide is a compound of the
general formula (A) and the ID produced by the process
is a compound of the general formula (B), (A) (B)
wherein, Ri, F 2 and R3 are, independently of each
other, selected from the group consisting of a
variably substituted straight-chain or branched alkyl
group, a variably substituted straight-chain or
branched alkenyl group, a variably substituted
straightchain or branched atkynyl group, a variably
substituted cycloalkyl group as well as cycloalkenyl
groups, a variably substituted aryl group, a variably
substituted aryl-alkyl group, a variably substituted
heterocyclic group, a variably substituted
straight-chain or branched alkoxy group, a variably
substituted straight-chain or branched alkenyloxy
group, a variably substituted aryloxy group, a
variably substituted aryl-alkyloxy group, a variably
substituted alkylthio group, a variably substituted
alkoxycarbonyl group, avariably substituted straight
chain or branched alkylamino or alkenyl amino group, a
variably substituted arylamino or arylalkylamino
group, a variably substituted carbamoyl group, a
variably substituted acyl group, and a functional
group 18. The process of claim 17, wherein the the
alkyl group is a straight chain or branched alkyl
group with 1 to 12 carbon atoms. 19. The process of
claims 17 or 18, wherein the alkenyl group is a
straight chain or branched alkenyl group having 2-12
carbon atoms . 20. The process of any of claims 17 to
19, wherein the alkynyl group is a straight chain or
branched alkynyl group having 2-12 carbon atoms 2 1.
The process of any of claims 17 to 20, wherein the
cycloalkyl group is a cycloalkyl group with 3 to 10
carbon atoms. 22. The process of any of claims 17 to 2
1, wherein the cycloalkenyl group is a cycloalkenyl
group with 3 to 10 carbon atoms. 23. The process of
any of claims 17 to 22, wherein the aryl group is a
phenyl, biphenyl, naphtyl, or anthracenyl group. 24.
The process of any of claims 17 to 23, wherein the
aryl-alkyl group is an aryl alkyl group with 7 to 18
carbons. 25. The process of any of claims 17 to 24,
wherein the heterocyclic group is a 5 to 



7-membered heterocyclic group containing nitrogen,
oxygen or sulphur and which can be fused with a cyclic
or aromatic ring having 3 to 7 carbon atoms. 26. The
process of any of claims 17 to 25, wherein the alkoxy
group is a straight chain or branched alkoxy group
having 2-12 carbon atoms such as methoxy; ethoxy;
propyloxy; isopropyloxy; butyloxy; isobutyloxy;
tert-butyloxy; pentyloxy; hexyloxy; heptyloxy;
oroctyloxy. 27. The process of any of claims 17 to 26,
wherein the alkenyloxy group is a straight chain or
branched alkenyloxy group having 2-1 2 carbon atoms.
Preferably, the alkenyloxy group is a straight chain
or branched alkenyloxy groups with 2 to 8 carbon
atoms. 28. The process of any of claims 17 to 27,
wherein the aryloxy group is an aryloxy group, such as
a phenoxy or naphtyloxy group.The group can optionally
be substituted with an alkyl or alkenyl or alkoxy
group having 1 to 4 carbon atoms or halogens. 29. The
process of any of claims 17 to 28, wherein the
aryl-alkyloxy group is benzyloxy or 2-phenylethyloxy.
30. The process of any of claims 17 to 29, wherein the
alkylamino group is a straight chain or branched
alkylamino group having 2-12 carbon atoms. 31. The
process of any of claims 17 to 30, wherein the
arylamino group is an arylamino group which can be
substituted with an alkyl, alkenyl or alkoxy group
having 1 to 4 carbon atoms, or which can be
substituted with a halogen. 32. The process of any of
claims 17 to 3 1, wherein the alkylamino group is
benzylamino or 2-phenylethylamino. 33. The process of
any of claims 17 to 32, wherein the alkylthio group is
an alkylthio group having 1 to 8 carbon atoms. 34. The
process of any of claims 17 to 33, wherein the
alkenylthio group is a straight chain or branched
alkenylthio group having 1 to 8 carbon atoms. 35. The
process of any of claims 17 to 34, wherein the
arylthio group is an arylthio group having 1 to 8
carbon atoms which can be substituted with an alkyl or
alkenyl or alkoxy group having 1 to 4 carbon atoms, or
which can be substituted with a halogen.36. The
process of any of claims 17 to 3b, wherein the
arylaikyl h o group is an arylalkylthio group having 1
to 8 carbon atoms. 37. The process of any of claims 17
to 36, wherein the substituted or unsubstituted
carbamoyl group is selected from the group consisting
of carbamoyl, methylcarbamoyl, dimethylcarbamoyl,
diethylcarbamoyl, and dipropylcarbamoyl. 38. The
process of any of claims 17 to 37, wherein the acyl
group is an acyl group with 1 to 8 carbon atoms . 39.
The process of any of claims 17 to 38, wherein the
groups are substituted, the number of substituents
being one. 40. The process of any of claims 17 to 39,
wherein the groups are substituted with more than one
substituent. 4 1. The process of any of claimw 17 to
40, wherein the substituents are the same. 42. The
process of any of claims 17 to 40, wherein the
substituents are different. 43. The process of any of
claims 1 to 42, wherein the enantiomeric mixture is a
racemic mixture or a mixture of any ratio of
concentrations of the enantiomers. 44. The process of
any of claims 1 to 43, which process includes adding
to the reaction mixture water and at least one
water-immiscible solvent. 45. The process of any of
claims 1 to 44, which process includes adding to the
reaction mixture water and at least one water-miscible
organic solvent. 46. The process of any of claims 1 to
45, which process includes stopping the reaction when
one enantiomer of the IE and/or the ID is in excess
compared to the other enantiomer of the IE and/or the
ID.47. The process of any of claims 1 to 46, which
process includes recovering continuously during the
reaction an optically active IE and/or the optically
active ID produced by the reaction directly from the
reaction mixture. 48. The process of any of claims 1
to 47, wherein the yeast cell is of a yeast genus 



selected from the group consisting of Arxula,
Brettanomyces, Bullera, Bulleromyces, Candida,
Cryptococcus, Debaryomyces, Dekkera, Exophiala,
Geotrichum, Hormonema, Issatchenkia, Kluyveromyces,
Lipomyces, Mastigomyces, Myxozyma, Pichia,
Rhodosporidium, Rhodqtorula, Sporidiobolus,
Sporobolomyces, Thchosporon, Wingea, and Yarrowia. 49.
The process of any of claims 1 to 48, wherein the
yeast cell is of a yeast species selected from the
group consisting of Arxula adeninivorans, Arxula
terrestris, Brettanomyces bruxellensis, Brettanomyces
naardenensis, Brettanomyces anomalus, Brettanomyces
species (e.g. Unidentified species NCYC 3 15 1 ,
Bullera dendrophila, Bulleromyces albus, Candida
albicans, Candida fabianii, Candida glabrata, Candida
haemulonii, Candida intermedia, Candida magnoliae,
Candida parapsilosis, Candida rugosa, Candida tenuis,
Candida tropicalis, Candida famata, Candida kruisei,
Candida sp. (new) related to C. sorbophila,
Cryptococcus albidus, Cryptococcus amylolentus,
Cryptococcus bhutanensis, Cryptococcus curvatus,
Cryptococcus gastricus, Cryptococcus humicola,
Cryptococcus hungaricus, Cryptococcus laurentii,
Cryptococcus luteolus, Cryptococcus macerans,
Cryptococcus podzolicus, Cryptococcus terreus,
Debaryomyces hansenii, Dekkera anomala, Exophiala
dermatitidis, Geotrichum spp. (e.g. Unidentified
species UOFS Y-0111), Hormonema spp. (e.g.
Unidentified species NCYC 3171), Issatchenkia
occidentalis, Kluyveromyces marxianus, Lipomyces spp.
(e.g. Unidentified species UOFS Y-2159), Lipomyces
tetrasporus, Mastigomyces philipporii, Myxozyma
melibiosi, Pichia anomala, Pichia finlandica, Pichia
guillermondii, Pichia haplophila, Rhodosporidium
lusitaniae, Rhodosporidium paludigenum, Rhodosporidium
sphaerocarpum, Rhodosporidium toruloides,
Rhodosporidium paludigenum, Rhodotorula araucariae,
Rhodotorula glutinis, Rhodotorula minuta, Rhodotorula
minuta var. minuta, Rhodotorula
mucilaginosa,Rhodotorula philyla, Rhodotorula rubra,
Rhodotorula spp. (e.g. unidentified species NCYC 3193,
UOFS Y-2042, UOFS Y-0448, UOFS Y-0139, UOFS Y-0560),
Rhodotorula aurantiaca, Rhodotorula spp. (e.g.
Unidentified species NCYC 3224), Rhodotorula sp.
"mucilaginosa", Sporidiobolus salmonicolor,
Sporobolomyces holsaticus, Sporobolomyces roseus,
Sporobolomyces tsugae, Thchosporon beigelii,
Trichosporon cutaneum var. cutaneum, Trichosporon
delbrueckii, Thchosporon jirovecii, Trichosporon
mucoides, Trichosporon ovoides, Trichosporon
pullulans, Trichosporon spp. (e.g. Unidentified
species NCYC 3210, NCYC 3212, NCYC 3211, UOFS Y-0861,
UOFS Y-1615, UOFS Y-0451, UOFS Y-0449, UOFS Y-2113),
Trichosporon moniliiforme, Trichosporon montevideense,
Wingea robertsiae, and Yarrowia lipolytica. 50. A
method for producing a polypeptide, which process
includes the steps of: providing a cell comprising a
nucleic acid encoding and capable of expressing a
polypeptide that has enantioselective IE hydrolase
activity; and culturing the cell. 5 1. The method of
claim 50, further comprising recovering the
polypeptide from the culture. 52. The method of claim
50 or 5 1 , wherein the cell is a yeast cell. 53. The
method of any of claims 50 to 52, wherein the
polypeptide is a full-length YEIH. 54. The method of
any of claims 50 to 53, wherein the polypeptide is a
functional fragment of a YEIH. 55. The method of any
of claims 50 to 53, wherein the polypeptide is encoded
by an endogenous gene of the cell.56. The method of
any of claims 50 to 54, wherein the cell is a
recombinant cell and the polypeptide is encoded by a
nucleic acid sequence with which the cell is
transformed. 57. The method of claim 56, wherein the
nucleic acid sequence is a heterologous nucleic acid
sequence. 



58. The method of claim 56, wherein the nucleic acid
sequence is a homologous nucleic acid sequence. 59. A
crude or pure enzyme preparation which comprises an
YEIH. 60. A substantially pure culture of cells, a
substantial number of which comprise a nucleic acid
encoding, and are capable of expressing, a polypeptide
having enantioselective IE hydrolase activity. 6 1. An
isolated cell, the cell comprising a nucleic acid
encoding a polypeptide having enantioselective IE
hydrolase activity, the cell being capable of
expressing the polypeptide. 62. An isolated DNA
comprising: (a) a nucleic acid sequence that encodes a
polypeptide that has enantioselective IE hydrolase
activity and that hybridizes under highly stringent
conditions to the complement of a sequence selected
from the group consisting of SEQ. ID. NOs: 8, 9, 10,
11, 12, 13, and 14,or (b) the complement of the
nucleic acid sequence.63 The DNA of claim 62, wherein
the nucleic acid sequence encodes a polypeptide
comprising an amino acid sequence selected from the
group consisting of SEQ. ID. NOs: 1, 2, 3, 4, 5, 6,
and 7 . 64. The DNA of claim 62 or 63, wherein the
nucleic acid sequence is selected from the group
consisting of SEQ ID NOs: 8, 9, 10, 11, 12, 13, and
14. 65. An isolated DNA comprising: (a) a nucleic acid
sequence that is at least 55% identical to a sequence
selected from the group consisting of SEQ ID NOs: 8,
9, 10, 11, 12, 13, and 14; or (b) the complement of
the nucleic acid sequence, wherein the nucleic acid
sequence encodes a polypeptide that has
enantioselective IE hydrolase activity. 66. An
isolated DNA comprising: (a) a nucleic acid sequence
that encodes a polypeptide consisting of an amino acid
sequence that is at least 55% identical to a sequence
selected from the group consisting of SEQ ID NOs: 1,
2, 3, 4, 5, 6, and 7 or (b) the complement of the
nucleic acid sequence, wherein the polypeptide has
enantioselective IE hydrolase activity. 67. An
isolated polypeptide encoded by the DNA of any of
claims 62 to 66. 68. An isolated polypeptide
comprising an amino acid sequence that is at least 55%
identical to SEQ. ID. NOs: 1, 2, 3, 4, 5, 6, or 7, the
polypeptide having enantioselective IE hydrolase
activity. 69. The polypeptide of claim 67 or 68,
comprising:(a) an amino acid sequence selected from
the group consisting of SEQ. ID. Qs; 1, 2, 3, 4, 5, 6
and 7 or a functional fragment of the sequence; or (b)
the sequence of (a), but with no more than five
conservative substitutions, wherein the polypeptide
has enantioselective internal epoxide hydrolase
activity. 70. An isolated antibody that binds to the
polypeptide of any of claims 67 to 69. 7 1. The
antibody of claim 70, wherein the antibody is a
polyclonal antibody. 72. The antibody of claim 70,
wherein the antibody is a monoclonal antibody. 




