
CHIRAL DIACYLHYDRAZINE LIGANDS FOR MODULATING THE
EXPRESSION OF EXOGENOUS GENES VIAAN ECDYSONE RECEPTOR
COMPLEX BACKGROUND OF THE INVENTION Field of the
Invention [0001] This invention relates to the fields
of biotechnology, genetic engineering and medicinal
chemistry. In one embodiment, this invention relates
to the field of gene expression. In another
embodiment, this invention relates to diacylhydrazine
ligands and chiral diacylhydrazine ligands for natural
and mutated nuclear receptors and their use in a
nuclear receptor-based inducible gene expression
system and methods of modulating the expression of a
gene within a host cell using these ligands and
inducible gene expression system. Background [0002]
Various publications are cited herein, the disclosures
of which are incorporated by reference in their
entireties. However, the citation of any reference
herein should not be construed as an admission that
such reference is available as "Prior Art" to the
present application. [0003] In the field of genetic
engineering, precise control of gene expression is a
valuable tool for studying, manipulating, and
controlling development and other physiological
processes. Gene expression is a complex biological
process involving a number of specific protein-protein
interactions. In order for gene expression to be
triggered, such that it produces the RNA necessary as
the first step in protein synthesis, a transcriptional
activator must be brought into proximity of a promoter
that controls gene transcription. Typically, the
transcriptional activator itself is associated with a
protein that has at least one DNA binding domain that
binds to DNA binding sites present in the promoter
regions of genes. Thus, for gene expression to occur,
a protein comprising a DNA binding domain and a
transactivation domain located at an appropriate
distance from the DNA binding domain must be brought
into the correct position in the promoter region of
the gene.[0004] The traditional transgenic approach
utilizes a cell-type specific promoter to drive the
expression of a designed transgene. A DNA construct
containing the transgene is first incorporated into a
host genome. When triggered by a transcriptional
activator, expression of the transgene occurs in a
given cell type. [0005] Another means to regulate
expression of foreign genes in cells is through
inducible promoters. Examples of the use of such
inducible promoters include the PRl -a promoter,
prokaryotic repressor-operator systems,
immunosuppressive-immunophilin systems, and higher
eukaryotic transcription activation systems such as
steroid hormone receptor systems and are described
below. [0006] The PRl -a promoter from tobacco is
induced during the systemic acquired resistance
response following pathogen attack. The use of PRl -a
may be limited because it often responds to endogenous
materials and external factors such as pathogens, UV-B
radiation, and pollutants. Gene regulation systems
based on promoters induced by heat shock, interferon
and heavy metals have been described (Wurn et al.,
Proc. Natl. Acad. Sci. USA 55:5414-5418 (1986);
Arnheiter et al, Cell 62:51-61 (1990); Filmus et al.,
Nucleic Acids Research 20:27550-27560 (1992)).
However, these systems have limitations due to their
effect on expression of non-target genes. These
systems are also leaky. [0007] Prokaryotic
repressor-operator systems utilize bacterial repressor
proteins and the unique operator DNA sequences to
which they bind. Both the tetracycline ("Tet") and
lactose ("Lac") repressor-operator systems from the
bacterium Escherichia coli have been used in plants
and animals to control gene expression. In the Tet
system, tetracycline binds to the TetR repressor
protein, resulting in a conformational change that
releases the repressor protein from the operator which
as a result allows transcription to occur hi the Lac
system, a lac operon is activated in response to the
presence of lactose, or synthetic analogs such as
isopropyl-b-D-thiogalactoside. Unfortunately, the use
of such systems is restricted by unstable chemistry of
the ligands, i.e. tetracycline and lactose, their
toxicity, their natural presence, or the relatively
high levels required for induction or repression. For
similar reasons, utility of such systems in animals is
limited. [0008] Immunosuppressive molecules such as
FK506, rapamycin and cyclosporine A can bind to
immunophilins FKBP12, cyclophilin, etc. Using this
information, a general strategy has been devised to
bring together any two proteins simply by placing
FK506 oneach of the two proteins or by placing FK506
on one and cyclosporine A on another one. A synthetic
homodimer of FK506 (FKl 0 12) or a compound resulted
from fusion of FK506-cyclosporine (FKCsA) can then be
used to induce dimerization of these molecules
(Spencer et al, Science 262:1019-24 (1993); Belshaw et
al, Proc Natl Acad Sci USA 93:4604-7 (1996)). Gal4 DNA
binding domain fused to FKBP12 and VP16 activator
domain fused to cyclophilin, and FKCsA compound were
used to show heterodimerization and activation of a
reporter gene under the control of a promoter
containing Gal4 binding sites. Unfortunately, this
system includes immunosuppressants that can have
unwanted side effects and therefore, limits its use
for various mammalian gene switch applications. [0009]
Higher eukaryotic transcription activation systems
such as steroid hormone receptor systems have also
been employed. Steroid hormone receptors are members
of the nuclear receptor superfamily and are found in
vertebrate and invertebrate cells. Unfortunately, use
of steroidal compounds that activate the receptors for
the regulation of gene expression, particularly in
plants and mammals, is limited due to their
involvement in many other natural biological pathways
in such organisms hi order to overcome such
difficulties, an alternative system has been developed
using insect ecdysone receptors (EcR). [0010] Growth,
molting, and development in insects are regulated by
the ecdysone steroid hormone (molting hormone) and the
juvenile hormones (Dhadialla et al, Annu. Rev.
Entomol. 43: 545-569 (1998)). The molecular target for
ecdysone in insects consists of at least ecdysone
receptor (EcR) and ultraspiracle protein (USP). EcR is
a member of the nuclear steroid receptor super family
that is characterized by signature DNA and ligand
binding domains, and an activation domain (Koelle et
al, Cell, 67:59-77 (1991)). EcR receptors are
responsive to a number of steroidal compounds such as
ponasterone A and muristerone A. Recently,
non-steroidal compounds with ecdysteroid agonist
activity have been described, including the
commercially available insecticides tebufenozide and
methoxyfenozide that are marketed world wide by Rohm
and Haas Company (see WO 96/27673 and US 5,530,028).
Both analogs have exceptional safety profiles in other
organisms. [0011] The insect ecdysone receptor (EcR)
heterodimerizes with Ultraspiracle (USP), the insect
homologue of the mammalian retinoid X receptor (RXR),
and binds ecdysteroidsand ecdysone receptor response
elements and activate transcription of ecdysone
responsive genes. The EcR/USP/ligand complexes play
important roles during insect development and
reproduction. The EcR has five modular domains, A/B
(transactivation), C (DNA binding,
heterodimerization), D (Hinge, heterodimerization), E
(ligand binding, heterodimerization and
transactivation) and F (transactivation) domains. Some
of these domains such as A/B, C and E retain their
function when they are fused to other proteins. [0012]
Tightly regulated inducible gene expression systems or
"gene switches" are useful for various applications
such as gene therapy, large scale production of
proteins in cells, cell based high throughput
screening assays, functional genomics and regulation
of traits in transgenic plants and animals. [0013] The
first version of an EcR-based gene switch used
Drosophila melanogaster EcR (DmEcR) and Mus musculus
RXR (MmRXR) and showed that these receptors in the
presence of steroid, ponasteroneA, transactivate
reporter genes in mammalian cell lines and transgenic
mice (Christopherson et al, Proc. Natl. Acad. ScL
U.S.A. 59:6314-6318 (1992); No et al, Proc. Natl.
Acad. ScL U.S.A. 95:3346-3351 (1996)). Later, Suhr et
al, Proc. Natl. Acad. ScL 95:7999-8004 (1998) showed
that non-steroidal ecdysone agonist, tebufenozide,
induced high level of transactivation of reporter
genes in mammalian cells through Bombyx mori EcR
(BmEcR) in the absence of exogenous heterodimer
partner. [0014] WO 97/381 17 and WO99/58155 disclose
methods for modulating the expression of an exogenous
gene in which a DNA construct comprising the exogenous
gene and an ecdysone response element is activated by
a second DNA construct comprising an ecdysone receptor
that, in the presence of a ligand therefore, and
optionally in the presence of a receptor capable of
acting as a silent partner, binds to the ecdysone
response element to induce gene expression. The
ecdysone receptor of choice was isolated from
Drosophila melanogaster. Typically, such systems
require the presence of the silent partner, preferably
retinoid X receptor (RXR), in order to provide optimum
activation. In mammalian cells, insect ecdysone
receptor (EcR) heterodimerizes with retinoid X
receptor (RXR) and regulates expression of target
genes in a ligand dependent manner. WO 99/02683
discloses that the ecdysone receptor isolated from the
silk moth Bombyx mori is functional in mammalian
systems without the need for an exogenous dimer
partner.[0015] US 6,265,173 Bl discloses that various
members of the steroid/thyroid superfamily of
receptors can combine with Drosophila melanogaster
ultraspiracle receptor (USP) or fragments thereof
comprising at least the dimerization domain of USP for
use in a gene expression system. US 5,880,333
discloses a Drosophila melanogaster EcR and
ultraspiracle (USP) heterodimer system used in plants
in which the transactivation domain and the DNA
binding domain are positioned on two different hybrid
proteins. Unfortunately, these USP-based systems are
constitutive in animal cells and therefore, are not
effective for regulating reporter gene expression.
[0016] In each of these cases, the transactivation
domain and the DNA binding domain (either as native
EcR as in WO 99/02683 or as modified EcR as in WO
97/381 17) were incorporated into a single molecule
and the other heterodimeric partners, either USP or
RXR, were used in their native state. [0017] Drawbacks
of the above described EcR-based gene regulation
systems include a considerable background activity in
the absence of ligands and non-applicability of these
systems for use in both plants and animals (see US
5,880,333). Therefore, a need exists in the art for
improved EcR-based systems to precisely modulate the
expression of exogenous genes in both plants and
animals. Such improved systems would be useful for
applications such as gene therapy, large-scale
production of proteins and antibodies, cellbased high
throughput screening assays, functional genomics and
regulation of traits in transgenic animals. For
certain applications such as gene therapy, it may be
desirable to have an inducible gene expression system
that responds well to synthetic non-steroid ligands
and at the same time is insensitive to the natural
steroids. Thus, improved systems that are simple,
compact, and dependent on ligands that are relatively
inexpensive, readily available, and of low toxicity to
the host would prove useful for regulating biological
systems. 



[0018] Recently, it has been shown that an ecdysone
receptor-based inducible gene expression system in
which the transactivation and DNA binding domains are
separated from each other by placing them on two
different proteins results in greatly reduced
background activity in the absence of a ligand and
significantly increased activity over background in
the presence of a ligand (see WO 01/70816 Al,
incorporated herein in its entirety by reference).
This two-hybrid system is a significantly improved
inducible gene expression modulation system compared
to the two systems disclosed in applications
WO97/38117 and WO 99/02683. The two-hybrid system
exploits the ability of a pair of interacting proteins
to bring the transcription activation domain into a
more favorable position relative to the DNA binding
domain such that when the DNA binding domain binds to
the DNA binding site on the gene, the transactivation
domain more effectively activates the promoter (see,
for example, US 5,283,173). Briefly, the two-hybrid
gene expression system comprises two gene expression
cassettes; the first encoding a DNA binding domain
fused to a nuclear receptor polypeptide, and the
second encoding a transactivation domain fused to a
different nuclear receptor polypeptide hi the presence
of ligand, the interaction of the first polypeptide
with the second polypeptide effectively tethers the
DNA binding domain to the transactivation domain.
Since the DNA binding and transactivation domains
reside on two different molecules, the background
activity in the absence of ligand is greatly reduced.
A two-hybrid system also provides improved sensitivity
to non-steroidal ligands for example,
diacylhydrazines, when compared to steroidal ligands
for example, ponasterone A ("PonA") or muristerone A
("MurA"). That is, when compared to steroids, the
non-steroidal ligands provide higher activity at a
lower concentration. In addition, since
transactivation based on EcR gene switches is often
cell-line dependent, it is easier to tailor gene
switch systems to obtain maximum transactivation
capability for each application. Furthermore, the
two-hybrid system avoids some side effects due to
overexpression of RXR that often occur when unmodified
RXR is used as a heterodimer receptor partner. In one
two-hybrid system, native DNA binding and
transactivation domains of EcR or RXR are eliminated
and as a result, these hybrid molecules have less
chance of interacting with other steroid hormone
receptors present in the cell resulting in reduced
side effects. Additional gene switch systems include
those described in the following, each of which is
incorporated by reference: US 7,091,038; WO2004078924;
EP1266015; US2001 0044151; US200201 10861; US200201
19521; US20040033600; US20040197861; US20040235097;
US20060020146; US20040049437; US20040096942;
US20050228016; US20050266457; US20060100416;
WO2001/70816; WO2002/29075; WO2002/066612;
WO2002/066613; WO2002/066614; WO2002/066615;
WO2005/108617; US 6,258,603; US20050209283;
US20050228016; US20060020146; EP0965644; US 7,304,162;
US 7,304,161; MX234742; KRlO- 0563143; AU765306;
AU2002-248500; and AU2002-306550.[0020] With the
improvement in ecdysone receptor-based gene regulation
systems there is an increase in their use in various
applications resulting in increased demand for ligands
with higher activity than those currently in
existance. US 6,258,603 Bl, US 2005/0209283 Al and US
2006/0020146 Al (and patents cited therein) disclose
dibenzoylhydrazine ligands. However, a need exists for
additional ligands with improved pharmacological
properties. Applicants have discovered chiral
diacylhydrazine ligands which have not previously been
described that have surprising biological activities
and the ability to modulate the expression of
transgenes in unexpected ways. SUMMARY OF THE
INVENTION [0021] The present invention provides
diacylhydrazine ligands of Formula I and chiral
diacylhydrazine ligands of Formula II or III for use
with ecdysone receptor-based inducible gene expression
systems useful for modulating expression of a target
gene of interest in a host cell. Chiral
diacylhydrazine ligands of the invention are
enantiomerically enriched in either the R- or
S-stereoisomer. Applicants have discovered these novel
chiral diacylhydrazine ligands are surprisingly
effective. Thus, the present invention is useful for
applications such as gene therapy, large scale
production of proteins and antibodies, cell-based
screening assays, functional genomics, proteomics,
metabolomics, and regulation of traits in transgenic
organisms, where control of gene expression levels is
desirable. An advantage of the present invention is
that it provides a means to regulate gene expression
and to tailor expression levels to suit the user's
requirements. [0022] The present invention pertains to
compounds of Formula I Formula I wherein A is alkoxy,
arylalkyloxy or aryloxy; B is optionally substituted
aryl or optionally substituted heteroaryl; and R1 and
R2 are independently optionally substituted alkyl,
arylalkyl, hydroxyalkyl, haloalkyl, optionally
substituted cycloalkyl, optionally substituted
alkenyl, optionallysubstituted alkynyl, optionally
substituted heterocycle, optionally substituted aryl
or optionally substituted heteroaryl; or
pharmaceutically acceptable salts, hydrates,
crystalline forms or amorphous forms thereof. [0023]
In another embodiment, the present invention pertains
to enantiomerically enriched compounds of Formula II
Formula wherein A is alkoxy, arylalkyloxy, aryloxy,
arylalkyl, optionally substituted aryl or optionally
substituted heteroaryl; B is optionally substituted
aryl or optionally substituted heteroaryl; and R1 and
R2 are independently optionally substituted alkyl,
arylalkyl, hydroxyalkyl, haloalkyl, optionally
substituted cycloalkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted heterocycle, optionally substituted aryl
or optionally substituted heteroaryl; with the proviso
that R1 does not equal R2; wherein the absolute
configuration at the asymmetric carbon atom bearing R1
and R2 is predominantly S ; or pharmaceutically
acceptable salts, hydrates, crystalline forms or
amorphous forms thereof. [0024] hi another embodiment,
the present invention pertains to enantiomerically
enriched compounds of Formula III Formula wherein A is
alkoxy, arylalkyloxy, aryloxy, arylalkyl, optionally
substituted aryl or optionally substituted heteroaryl;
B is optionally substituted aryl or optionally
substituted heteroaryl; and R1 and R2 are
independently optionally substituted alkyl, arylalkyl,
hydroxyalkyl, haloalkyl, optionally substituted
cycloalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
heterocycle, optionally substituted aryl or optionally
substituted heteroaryl; with the proviso that R1 does
not equal R2; wherein the absolute configuration at
the asymmetric carbon atom bearing R1 and R2 is
predominantly R; or pharmaceutically acceptable salts,
hydrates, crystalline forms or amorphous forms
thereof. [0025] hi one embodiment, the present
invention pertains to fi?,)-3,5-dimethyl-benzoic acid
N-(l- er
-butyl-butyl)-N'-(2-ethyl-3-methoxy-benzoyl)-hydrazide
having an enantiomeric excess of at least 95% or a
pharmaceutically acceptable salt, hydrate, crystalline
form or amorphous form thereof. [0026] hi another
embodiment, the present invention pertains to a
pharmaceutical composition comprising
(7?j-3,5-dimethyl-benzoic acid N-(l-ter
t-butyl-butyl)-N'-(2-ethyl-
3-methoxy-benzoyl)-hydrazide having an enantiomeric
excess of at least 95% or a pharmaceutically
acceptable salt, hydrate, crystalline form or
amorphous form thereof. [0027] The present invention
also pertains to a process for the preparation a
compound of Formula IV Formula IV wherein A is
arylalkyl, optionally substituted aryl or optionally
substituted heteroaryl; B is optionally substituted
aryl or optionally substituted heteroaryl; R2 is
optionally substituted alkyl, arylalkyl, hydroxyalkyl,
haloalkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted heterocycle,
optionally substituted aryl or optionally substituted
heteroaryl; with the proviso that R2 does not equal
-CR8R9CHR10CR1 1R12 ; andR8, R9, R10, R1 1 and R12 are
independently selected from hydrogen, alkyl,
cycloalkyl, heterocycle, aryl or heteroaryl; wherein
the asymmetric carbon atom to which R2 is attached is
enantiomerically enriched in either the R OT S isomer;
comprising: a) reacting a compound of Formula V .
Formu ,l a V with a compound of Formula VI
R2HC=N-NH-CO2R7 Formula VI wherein X and Y are
independently O or NR wherein R is alkyl or aryl; Ca
and Cb are independently an asymmetric carbon atom of
the S configuration or an asymmetric carbon atom of
the R configuration; R14 and R15 are independently
alkyl or aryl; R13 is halo, hydrogen, alkyl, alkoxy or
OSO2CF3; R7 is alkyl, arylalkyl or aryl; and R2, R8,
R9, R10 , R1 1 and R12 have the same meanings noted
above; to form a compound of Formula VII; Formula VII
b) reducing the compound of Formula VII to form a
compound of Formula VIII; R7O N Formula VIII c)
reacting the compound of Formula VIII with a compound
of Formula B-COLG where LG is a leaving group to form
a compound of Formula IX;Formula IX d) removing the
R7CO2- group of the compound of Formula IX to form a
compound of Formula X; and e) reacting the compound of
Formula X with a compound of Formula A-CO-LG 



where LG is a leaving group to form a compound of
Formula FV. [0028] The present invention also pertains
to methods of modulating gene expression in a host
cell using a gene expression modulation system with a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III. [0029] hi
one embodiment, the present invention relates to the
use of a diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III in an
inducible gene expression system that has a reduced
level of background gene expression and responds to
submicromolar concentrations of the ligand. [0030] hi
another embodiment, the invention relates to a method
of modulating the expression of a target gene in a
host cell, wherein the host cell comprises a first
gene expression cassette comprising a first
polynucleotide encoding a first polypeptide
comprising: i) a transactivation domain; ii) a
DNA-binding domain; and iii) a Group H nuclear
receptor ligand binding domain; and a second gene
expression cassette comprising: i) a response element
capable of binding to said DNA binding domain; ii) a
promoter that is activated by the transactivation
domain; and iii) said target gene; the method
comprising contacting said host cell with a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III; wherein
the expression of the target gene is modulated.[0031]
In another embodiment, the invention relates to a
method for regulating endogenous or heterologous gene
expression in a transgenic subject comprising
contacting a ligand with an ecdysone receptor complex
within the cells of the subject, wherein the cells
further contain a DNA binding sequence for the
ecdysone receptor complex when in combination with the
ligand and wherein formation of an ecdysone receptor
complex-ligand-DNA binding sequence complex induces
expression of the gene, and where the ligand is a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III; wherein
endogenous or heterologous gene expression in a
transgenic subject is regulated. [0032] In another
embodiment, the invention relates to a method of
modulating the expression of a target gene in a host
cell comprising the steps of: a) introducing into the
host cell a gene expression modulation system
comprising: i) a first gene expression cassette that
is capable of being expressed in a host cell, said
first gene expression cassette comprising a
polynucleotide sequence that encodes a first hybrid
polypeptide comprising: (a) a DNA-binding domain that
recognizes a response element associated with a gene
whose expression is to be modulated; and (b) an
ecdysone receptor ligand binding domain; ii) a second
gene expression cassette that is capable of being
expressed in the host cell, said second gene
expression cassette comprising a polynucleotide
sequence that encodes a second hybrid polypeptide
comprising: (a) a transactivation domain; and (b) a
chimeric retinoid X receptor ligand binding domain;
and iii) a third gene expression cassette that is
capable of being expressed in a host cell, said third
gene expression cassette comprising a polynucleotide
sequence comprising: (a) a response element recognized
by the DNA-binding domain of the first hybrid
polypeptide; (b) a promoter that is activated by the
transactivation domain of the second hybrid
polypeptide; and (c) a gene whose expression is to be
modulated; andb) introducing into the host cell a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or IE; wherein
the expression of a gene in a host cell is modulated.
[0033] In another embodiment, the present invention
relates to a method for producing a polypeptide
comprising the steps of: a) selecting a cell which is
substantially insensitive to exposure to a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III; b)
introducing into the cell: i) a DNA construct
comprising: (a) an exogenous gene encoding the
polypeptide; and (b) a response element; wherein the
gene is under the control of the response element; and
ii) an ecdysone receptor complex comprising: (a) a DNA
binding domain that binds to the response element; (b)
a binding domain for said ligand; and (c) a
transactivation domain; and c) exposing the cell to
said ligand; wherein a polypeptide is produced. [0034]
This embodiment of the invention provides the
advantage of temporally controlling polypeptide
production by the cell. Moreover, in those cases when
accumulation of such a polypeptide can damage the
cell, the expression of the polypeptide may be limited
to short periods by exposing said cell to compounds of
the present invention. Such control is particularly
important when the exogenous gene is a therapeutic
gene. Therapeutic genes may be called upon to produce
polypeptides which control needed functions, such as
the production of insulin in diabetic patients. They
may also be used to produce damaging or even lethal
proteins, such as those lethal to cancer cells. Such
control may also be important when the protein levels
produced may constitute a metabolic drain on growth or
reproduction, such as in transgenic plants. BRIEF
DESCRIPTION OF DRAWINGS [0035] Figure 1 : Schematic of
switch construct CVBE, and the reporter construct
6XEcRE Lac Z. Flanking both constructs are long
terminal repeats, G418 and puromycin are selectable
markers, CMV is the cytomegalovirus promoter, VBE is
coding sequencefor amino acids 26-546 from Bombyx mori
EcR inserted downstream of the VP 16 transactivation
domain, 6X EcRE is six copies of the ecdysone response
element, lacZ encodes for the reporter enzyme
b-galactosidase. [0036] Figures 2A-2C: Chiral HPLC
comparison of (A) rac-, (B) (R)- and (C) 3,5-
dimethyl-benzoic acid N-(l- ter
t-butyl-butyl)-N'-(2,6-dichloro-benzoyl)-hydrazide.
[0037] Figure 3 : Graph showing in vivo comparison of
rac-, (R)- and f$-2-ethyl-3- methoxy-benzoic acid
N'-(l- r
t-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazide on
induction of RheoSwitch(r) Therapeutic System gene
expression in mice. Solid circles are the S
enantiomer, solid triangles are the Racemate, and open
circles are the R enantiomer. [0038] Figure 4 : Table
of sample lots or the racemate and R enantiomer of
2-ethyl-3- methoxy-benzoic acid N'-(l-/er
-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazide.
Samples of the R enantiomer obtained by rapid
crystallization/precipitation from either
methanol/water or toluene/heptane yielded the same
powder X-ray diffraction pattern (data not shown), and
had essentially the same melting point
([toluene/heptane] 166.2- 167.1 0C, [CH3OH/H2O] 166.5-
167.4 0C) as compared to each other and as compared to
a standard obtained from CH3OH crystallization
(165.1-166.5 0C). Samples of two separate preparations
of the racemate obtained by methanol evaporation gave
the same melting point (170-171 0C, 169-170 0C) within
experimental error and slight variations in purity.
[0039] Figure 5: Table showing particle size
distribution of the micronized R enantiomer of
2-ethyl-3-methoxy-benzoic acid N'-(l-ter
-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)- hydrazide.
[0040] Figure 6 : Table showing particle size
distribution of the micronized racemate of
2-ethyl-3-methoxy-benzoic acid N'-(l - r
-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)- hydrazide.
[0041] Figure 7 : Table showing bulk and tapped
density analysis of micronized racemate and R
enantiomer of 2-ethyl-3-methoxy-benzoic acid N'-(l- t
r -butyl-butyl)-N'-(3,5- dimethyl-benzoyl)-hydrazide.
[0042] Figure 8 : Thermal gravimetric analysis /
Differential Thermal Analysis (TGA/DTA) analysis
(thermal plot) of micronized racemate and R enantiomer
of 2-ethyl- 3-methoxy-benzoic acid N'-(l-
er/-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazide
demonstrates different crystalline forms. Lot Nos:
REH-28-9-1 and REH-28-4-2; sample weight 7.71994 mg.
Signal output in units of uV per mg of sample (uV/mg);
thermalgravimetry - percentage weight change of the
sample (TG%). Both materials showed an endothermal
event on the DTA profile. The onset temperature for
the R enantiomer (163.6 0C) was significantly lower
than that of the racemate (171.2 0C). Heat of fusion
for the R enantiomer (59.8 uv.s/mg) was also
significantly lower than that of the racemate (80.8
uv.s/mg). [0043] Figure 9 : Table showing qualitative
comparative solubility test of racemate and R
enantiomer of 2-ethyl-3-methoxy-benzoic acid
N'-(l-tert-butyl-butyl)-N'-(3,5-dimethylbenzoyl)-
hydrazide in pharmaceutical excipients. [0044] Figure
10: Table showing results of a thermodynamic
equilibrium assay (90 0C for 5 minutes or indicated
time; treatment 2) followed by cooling to room
temperature and seeding of racemate and R enantiomer
of 2-ethyl-3-methoxy-benzoic acid W-(l-tertbutyl-
butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazide in
pharmaceutical excipients. Treatment 1 is the result
of stirring at room temperature for <2.5 hr. [0045]
Figure 11: Table showing solubility (mM) of racemate
and R enantiomer of 2- ethyl-3-methoxy-benzoic acid
N'-(l- t rt-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-
hydrazide in 20% PEG 1000 in distilled water, pH 7.0.
[0046] Figure 12: Table showing solubilty of racemate
and R enantiomer of 2-ethyl-3- methoxy-benzoic acid
N'-(l-
ert-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazide
in aqueous polysorbate 80. [0047] Figure 13: Table
showing bidirectional Permeability of racemate and R
enantiomer of 2-ethyl-3-methoxy-benzoic acid
N'-(l-tert-butyl-butyl)-N'-(3,5-dimethylbenzoyl)-
hydrazide Through Caco-2 Cell Monolayers.
aPermeability Classification: (Papp A B) < 1.0 X 10-6
cm/s = LOW; (Papp A B) > 1.0 X 10-6 cm/s = HIGH;
Significant Efflux: Efflux > 3.0 and (Papp B A) > 1.0
X 10-6 cm/s [0048] Figure 14: Table showing
permeability of racemate and R enantiomer of 2-ethyl-
3-methoxy-benzoic acid N'-(l- er
-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazide in
MDRl-MDCK cells. Classification: A-B Papp > 3.0 and
Efflux Ratio < 3.0: High. A-B Papp > 3.0 and 10 >
Efflux Ratio > 3.0: Moderate. A-B Papp > 3.0 and
Efflux Ratio > 10: Low A-B Papp < 3.0: Low. [0049]
Figure 15: Table showing stability of racemate and R
enantiomer of 2-ethyl-3- methoxy-benzoic acid N'-(l-
er -butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazide
in human liver microsomes.[0050] Figure 16: Table
showing dosing schedule of racemate and R enantiomer
of 2- ethyl-3 -methoxy-benzoic acid N' -(1- r
-butyl-butyl)-N '-(3,5 -dimethyl-benzoyl)- hydrazide /
Labrasol preparations in C57BL/6N:Crl mice. aDose
administration for 9 



days (first 18 females/group) or 12 days (second 18
females/group); bIncluded as possible replacements.
[0051] Figure 17: Micrographs of non-micronized and
micronized samples of 2-ethyl-3- methoxy-benzoic acid
N'-(l-ter
-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazide
racemate. Note the 50 micron reference scale. [0052]
Figure 18: Table showing blood serum levels of
racemate and R enantiomer of 2- ethyl-3
-methoxy-benzoic acid N'-(l- r
-butyl-butyl)-N'-(3,5-dimethyl-benzoyl)- hydrazide
administered in Labrasol at 4 dosage levels (3, 10, 30
and 50 mg/kg/day) after 9 days of drug administration
and hours after the daily dose. [0053] Figure 19:
Table showing blood serum levels of racemate and R
enantiomer of 2- ethyl-3 -methoxy-benzoic acid N'-(l-
er -butyl-butyl)-N'-(3,5-dimethyl-benzoyl)- hydrazide
administered in Labrasol at 4 dosage levels (3, 10, 30
and 50 mg/kg/day) after 12 days of drug administration
and hours after the daily dose. [0054] Figure 20:
Diagrammatic representation of pCMV/GE FF(DEF)
plasmid. The plasmid pCMV/GE FF(DEF) consists of the
D, E and F domains from Choristoneura fumiferana EcR
carrying the mutations V390I / Y410E / E274V fused
downstream of the yeast GAL4-DBD (aa 1-147) and placed
under the control of the CMV promoter and a downstream
SV40 polyadenylation signal in the pBIND vector
(Promega Corporation, Madison, WI, USA). The DEF
domains of EcRs shown were amplified using primers
designed based on 20-25 nt sequences at the 5' and 3'
ends. Restriction enzyme sites BamH I and Xba I were
added to 5' and 3' primers respectively. The PCR
products were digested with appropriate restriction
enzymes and cloned into pBEND vector [0055] Figure 21:
Diagrammatic representation of pCMV/VPl 6-Hs-LmRXR
vector. The vector pCMV/VPl 6-Hs-LmRXR contains a
chimeric RXR from Homo sapiens RXRb (helix 1-8 of E
domain) and Locusta migratoria RXR (helix 9-12 of E
domain), fused downstream of VP16-activation domain
and placed under the control of the CMV promoter in
the pBIND vector. [0056] Figure 22: Diagrammatic
representation of p6xGAL4RE-TTR-SEAP reporter vector.
The inducible SEAP reporter vector p6xGAL4RE-TTR-SEAP
contains thehuman secreted alkaline phosphatase
reporter gene placed under the control of the
inducible promoter consisting of 6 copies of the Gal4
response element upstream of the transthyretin (TTR)
promoter. [0057] Figure 23: Diagrammatic
representation of Ad-RTS-hIL-12 in which the El and E3
regions have been deleted and the RTS-IL12 components
replace the El region [0058] Figure 24: Graphs showing
expression of mIL12p70 in tumor and serum, after
injection of B16 cells infected with Ad.RheoSPl-mIL12
plasmid, and administration of R-enantiomer or
racemate of diacylhydrazine at dosages of 0, 3, 10,
30, 50 mg/kg/day. Controls: Untransduced B16-bearing
mice receiving ligand only at 50 mg/kg/day for 3 days
(Ligand50) and untreated (no ligand) tumor-bearing
mice (TuControl). "L3d then discont. 3d": mice treated
with ligand for 3 days then followed for 3 additional
days during which time ligand is not provided. [0059]
Figure 25: Graphs showing Expression of mIFN-g in
tumor and serum, after injection of B16 cells infected
with Ad.RheoSPl-mIL12 plasmid, and administration of
R-enantiomer or racemate of diacylhydrazine at dosages
of 0, 3, 10, 30, 50 mg/kg/day. Controls: Untransduced
B16-bearing mice receiving ligand only at 50 mg/kg/day
for 3 days (Ligand50) and untreated (no ligand)
tumor-bearing mice (TuControl). "L3d then discont.
3d": mice treated with ligand for 3 days then followed
for 3 additional days during which time ligand is not
provided. DETAILED DESCRIPTION OF THE INVENTION [0060]
The present invention pertains to compounds of Formula
I Formula wherein A is alkoxy, arylalkyloxy or
aryloxy; B is optionally substituted aryl or
optionally substituted heteroaryl; and R1 and R2 are
independently optionally substituted alkyl, arylalkyl,
hydroxyalkyl, haloalkyl, optionally substituted
cycloalkyl, optionally substituted alkenyl,
optionallysubstituted alkynyl, optionally substituted
heterocycle, optionally substituted aryl or optionally
substituted heteroaryl; or pharmaceutically acceptable
salts, hydrates, crystalline forms or amorphous forms
thereof. [0061] In another embodiment, the present
invention pertains to enantiomerically enriched
compounds of Formula II Formula Il wherein A is
alkoxy, arylalkyloxy, aryloxy, arylalkyl, optionally
substituted aryl or optionally substituted heteroaryl;
B is optionally substituted aryl or optionally
substituted heteroaryl; and R1 and R2 are
independently optionally substituted alkyl, arylalkyl,
hydroxyalkyl, haloalkyl, optionally substituted
cycloalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
heterocycle, optionally substituted aryl or optionally
substituted heteroaryl; with the proviso that R1 does
not equal R2; wherein the absolute configuration at
the asymmetric carbon atom bearing R1 and R2 is
predominantly S; or pharmaceutically acceptable salts,
hydrates, crystalline forms or amorphous forms
thereof. [0062] In another embodiment, the present
invention pertains to enantiomerically enriched
compounds of Formula in Formula ... wherein A is
alkoxy, arylalkyloxy, aryloxy, arylalkyl, optionally
substituted aryl or optionally substituted heteroaryl;
B is optionally substituted aryl or optionally
substituted heteroaryl; and R1 and R2 are
independently optionally substituted alkyl, arylalkyl,
hydroxyalkyl, haloalkyl, optionally substituted
cycloalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
heterocycle, optionally substituted aryl or optionally
substituted heteroaryl; with the proviso that R1 does
not equal R2; wherein the absolute configuration at
the asymmetric carbon atom bearing R1 and R2 is
predominantly R; or pharmaceutically acceptable salts,
hydrates, crystalline forms or amorphous forms
thereof. [0063] In another embodiment, the present
invention pertains to enantiomerically enriched
compounds of Formula II or III wherein A is -OC(CH3)3,
-OCH2Ph, optionally substituted aryl or optionally
substituted heteroaryl; B is optionally substituted
aryl; R1 is optionally substituted (Ci-C6)alkyl,
hydroxy(C 1-C4)alkyl or optionally substituted
(C2-C6)alkenyl; and R2 is optionally substituted
(Ci-C6)alkyl, aryl(d-C 4)alkyl, optionally substituted
(C3-C7)cycloalkyl or optionally substituted aryl; with
the proviso that R1 does not equal R2; wherein the
absolute configuration at the asymmetric carbon atom
bearing R1 and R2 is predominantly S in Formula II;
and the absolute configuration at the asymmetric
carbon atom bearing R1 and R2 is predominantly R in
Formula III; or pharmaceutically acceptable salts,
hydrates, crystalline forms or amorphous forms
thereof. [0064] In another embodiment, the present
invention pertains to enantiomerically enriched
compounds of Formula II or III wherein A is optionally
substituted aryl or optionally substituted heteroaryl;
B is optionally substituted aryl;R1 is optionally
substituted (Ci-C jalkyl, hydroxy(d-C 4)alkyl or
optionally substituted (C2-Ce)alkenyl; and R2 is
optionally substituted (Ci-C6)alkyl, aryl(Ci-C
4)alkyl, optionally substituted (C3-C7)cycloalkyl or
optionally substituted aryl; with the proviso that R1
does not equal R2; wherein the absolute configuration
at the asymmetric carbon atom bearing R1 and R2 is
predominantly S in Formula II; and the absolute
configuration at the asymmetric carbon atom bearing R1
and R2 is predominantly R in Formula III; or
pharmaceutically acceptable salts, hydrates,
crystalline forms or amorphous forms thereof. hi
another embodiment, the present invention pertains to
enantiomerically enriched compounds of Formula II or
III wherein A is R>3aa, tR>3bD, R>3cC, tR-"3da and R3e
are independently selected from hydrogen, halo, nitro,
cyano, hydroxy, amino, optionally substituted alkyl,
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted cycloalkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted aryl, optionally substituted heteroaryl,
optionally substituted heterocycle, alkoxy, aryloxy,
arylalkyloxy, alkylthio, carboxamido, sulfonamido,
-CORC, -SO2Rd, -N R COR -N(R^SO 2R or
-N(Re)C=N(Rh)-amino; or R3a and R3b taken together
with the carbon atoms to which they are attached form
a five, six or seven membered fused cycloalkyl or
heterocycle ring; orR3b and R3c taken together with
the carbon atoms to which they are attached form a
five, six or seven membered fused cycloalkyl or
heterocycle ring; R4a, R4b, R4c, R5a, R5b, R6a, R6b
and R6c are independently selected from hydrogen,
halo, nitro, cyano, hydroxy, amino, optionally
substituted alkyl, haloalkyl, hydroxyalkyl, arylalkyl,
optionally substituted cycloalkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted heterocycle,
alkoxy, aryloxy, arylalkyloxy, alkylthio, carboxamido,
sulfonamido, -CORC, -SO2Rd, -N(Re)CORf, -N(Re)SO2Rg or
-N(Re)C=N(Rh)-amino; X is O or S; B is and; R3f, R3g,
R3h, R3' and R3j are independently selected from
hydrogen, halo, nitro, cyano, hydroxy, amino,
optionally substituted alkyl, haloalkyl, hydroxyalkyl,
arylalkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted aryl, optionally
substituted heteroaryl, optionally 



substituted heterocycle, alkoxy, aryloxy,
arylalkyloxy, alkylthio, carboxamido, sulfonamido,
-CORC, -SO2Rd, -N(Re)CORf, -N(Re)SO2Rg or
-N(Re)C=N(Rh)-amino; or R3f and R3g taken together
with the carbon atoms to which they are attached form
a five, six or seven membered fused cycloalkyl or
heterocycle ring; or R3g and R3h taken together with
the carbon atoms to which they are attached form a
five, six or seven membered fused cycloalkyl or
heterocycle ring; wherein Rc is hydrogen, hydroxy,
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted heterocycle,
optionally substituted aryl, optionally substituted
heteroaryl, alkoxy, aryloxy or arylalkyloxy; Rd is
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted
alkynyl,optionally substituted heterocycle, optionally
substituted aryl or optionally substituted heteroaryl;
Re is hydrogen, haloalkyl, hydroxyalkyl, arylalkyl,
optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
heterocycle, optionally substituted aryl or optionally
substituted heteroaryl; Rf is hydrogen, haloalkyl,
hydroxyalkyl, arylalkyl, optionally substituted alkyl,
optionally substituted cycloalkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted heterocycle, optionally
substituted aryl, optionally substituted heteroaryl,
alkoxy, aryloxy, arylalkyloxy or amino; Rg is
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted heterocycle,
optionally substituted aryl, optionally substituted
heteroaryl or amino; Rh is hydrogen, alkyl, aryl,
cyano or nitro; R1 is optionally substituted
(Ci-C6)alkyl, hydroxy(CrC 4)alkyl or optionally
substituted (C2-C6)alkenyl; and R2 is optionally
substituted (d-C 6)alkyl, aryl(CrC 4)alkyl, optionally
substituted (C3-C7)cycloalkyl or optionally
substituted aryl; with the proviso that R1 does not
equal R2; wherein the absolute configuration at the
asymmetric carbon atom bearing R1 and R2 is
predominantly S in Formula II; and the absolute
configuration at the asymmetric carbon atom bearing R1
and R2 is predominantly R in Formula III; or
pharmaceutically acceptable salts, hydrates,
crystalline forms or amorphous forms thereof. In
another embodiment, the present invention pertains to
enantiomerically enriched compounds of Formula II
wherein A, B, R3a, R3b , R3c, R3d, R3e, R3f, R3 , R3h,
R3i, R3j , R4a, R4b, R4c, R5a, R , R6a, R6b, R6c and X
have the same meanings as noted above; R1 is
(Ci-C6)alkyl, hydroxy(d-C 4)alkyl or (C2-C4)alkenyl;
andR2 is optionally substituted (C3-C7)cycloalkyl;
wherein the absolute configuration at the asymmetric
carbon atom bearing R1 and R2 is predominantly S; or
pharmaceutically acceptable salts, hydrates,
crystalline forms or amorphous forms thereof. [0067]
In another embodiment, the present invention pertains
to enantiomerically enriched compounds of Formula III
wherein A, T JD , TI?V 3a , IV 3b , tI V 3c , tI V>3d
, 3e , lJ?. 3f , T? 3 , l1?V 3h , PI V 3 , TI ?V 3J,
I3V 4 a , I V 4b , I\. 4c , IV 5a , DI V 5b , IV 6a ,
DI V 6b , R6c and X have the same meanings as noted
above; R1 is (Ci-C 6)alkyl, hydroxyCd-C^alkyl or
(C2-C4)alkenyl; and R2 is optionally substituted (C1-C
)alkyl; with the proviso that R1 does not equal R2;
wherein the absolute configuration at the asymmetric
carbon atom bearing R1 and R2 is predominantly R; or
pharmaceutically acceptable salts, hydrates,
crystalline forms or amorphous forms thereof. [0068]
In one embodiment, the present invention pertains to
enantiomerically enriched compounds of Formula II
wherein A is B is R3a, R3b, R3c, R3d, R3e, R3f, R3g,
R3h, R3' and R3j are independently selected from
hydrogen, halo, (Ci-C 4)alkyl or (C1-GOaIkOXy; R1 is
(C1-C6)alkyl, hydroxy(Ci-C 4)alkyl or (C2-C4)alkenyl;
andR2 is optionally substituted (C3-C7)cycloalkyl
wherein the absolute configuration at the asymmetric
carbon atom bearing R1 and R2 is predominantly S; or
pharmaceutically acceptable salts, hydrates,
crystalline forms or amorphous forms thereof. [0069]
In another embodiment, the present invention pertains
to enantiomerically enriched compounds of Formula III
wherein A is B is R3a, R3b, R3c, R3d, R3e, R3f, R3g,
R3h, R3i and R3j are independently selected from
hydrogen, halo, (Ci-C4)alkyl or (CrC 4)alkoxy; R1 is
(Ci-C6)alkyl, hydroxy(d-C 4)ahcyl or (C2-C4)alkenyl;
and R2 is optionally substituted (Ci-C )alkyl; wherein
the absolute configuration at the asymmetric carbon
atom bearing R1 and R2 is predominantly R; or
pharmaceutically acceptable salts, hydrates,
crystalline forms or amorphous forms thereof. [0070]
In another embodiment, the present invention pertains
to enantiomerically enriched compounds of Formula II
having an enantiomeric excess of at least 50%, 75%,
85%, 95% or >99% of the 5-isomer. In one embodiment,
the compound of Formula II consists essentially of the
S-isomer. [0071] In another embodiment, the present
invention pertains to enantiomerically enriched
compounds of Formula III having an enantiomeric excess
of at least 50%, 75%,85%, 95% or >99% of the
i?-isomer. In one embodiment, the compound of Formula
III consists essentially of the Z?-isomer. [0072] hi
another embodiment, the present invention pertains to
a pharmaceutical composition comprising the compound
of Formula I, II or III. [0073] hi one embodiment, the
present invention pertains to
fi?j-3,5-dimethyl-benzoic acid N-(l-
t-butyl-butyl)-N'-(2-ethyl-3-methoxy-benzoyl)-hydrazid
e having an enantiomeric excess of at least 95% or of
at least 99%, or a pharmaceutically acceptable salt,
hydrate, crystalline form or amorphous form thereof hi
one embodiment, the compound is enantiomerically pure.
[0074] hi another embodiment, the present invention
pertains to a pharmaceutical composition comprising
(7^-3,5-dimethyl-benzoic acid N-(l- r
-butyl-butyl)-N'-(2-ethyl-
3-methoxy-benzoyl)-hydrazide having an enantiomeric
excess of at least 95% or of at least 99%, or a
pharmaceutically acceptable salt, hydrate, crystalline
form or amorphous form thereof hi one embodiment, the
compound is enantiomerically pure. [0075] It has been
unexpectedly discovered that enantiomerically pure
(7?,)-3,5-dimethylbenzoic acid N-(l-ter
-butyl-butyl)-N'-(2-ethyl-3-methoxy-benzoyl)-hydrazide
has a combination of beneficial properties which make
it uniquely suitable for in vivo pharmaceutical use.
Such properties include a lower melting point and
lower heat of fusion compared to the racemate (Example
68); better solubility in many liquid pharmaceutical
excipients compared to the racemate (Example 68);
better permeability in certain cells compared to the
racemate (Example 69); is more likely to be able to
cross the blood-brain barrier than the racemate
(Example 69); better stability to hepatocyte
metabolism compared to the racemate (Example 70); when
administered orally as a 



Labrasol solution or suspension, acheives
significantly higher plasma levels compared to the
racemate (Example 71); and acheives much greater in
vivo gene expression by activation of a EcR-based gene
switch compared to the racemate (Example 72). [0076]
The present invention also pertains to a process for
the preparation a compound of Formula IV Formula IV
whereinA is arylalkyl, optionally substituted aryl or
optionally substituted heteroaryl; B is optionally
substituted aryl or optionally substituted heteroaryl;
R2 is optionally substituted alkyl, arylalkyl,
hydroxyalkyl, haloalkyl, optionally substituted
cycloalkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
heterocycle, optionally substituted aryl or optionally
substituted heteroaryl; with the proviso that R2 does
not equal -CR8R9CHR10CR1 1R12 ; and R8, R9, R10 , R1 1
and R12 are independently selected from hydrogen,
alkyl, cycloalkyl, heterocycle, aryl or heteroaryl;
wherein the asymmetric carbon atom to which R2 is
attached is enantiomerically enriched in either the R
or S isomer; comprising: a) reacting a compound of
Formula V . Formu ,la V with a compound of Formula VI
R2HC=N-NH-CO2R7 Formula VI wherein X and Y are
independently O or NR wherein R is alkyl or aryl; Ca
and Cb are independently an asymmetric carbon atom of
the S configuration or a asymmetric carbon atom of the
R configuration; R14 and R15 are independently alkyl
or aryl; R13 is halo, hydrogen, alkyl, alkoxy or
OSO2CF3; R7 is alkyl, arylalkyl or aryl; and R2, R8,
R9, R10, R1 1 and R12 have the same meanings noted
above; to form a compound of Formula VII; Formula VII
b) reducing the compound of Formula VII to form a
compound of Formula VIH;Formula VlIl c) reacting the
compound of Formula VIII with a compound of Formula
B-COLG where LG is a leaving group to form a compound
of Formula IX; Formula IX d) removing the R7CO2- group
of the compound of Formula IX to form a compound of
Formula X; and Formula X e) reacting the compound of
Formula X with a compound of Formula A-CO-LG where LG
is a leaving group, to form a compound of Formula IV.
[0077] In another embodiment, the present invention
pertains to a process for the preparation a compound
of Formula IV wherein R8, R9, R10, R1 1 and R12 are
hydrogen. [0078] In another embodiment, the present
invention pertains to a process for the preparation a
compound of Formula IV wherein R8, R9, R10 , R1 1 and
R12 are hydrogen; X is NR and R is methyl; Y is O; R14
is methyl; R15 is phenyl; and each of C and Cb is of
the R configuration. [0079] In another embodiment, the
present invention pertains to a process for the
preparation a compound of Formula IV wherein R8, R9,
R10 , R1 1 and R12 are hydrogen; X is NR and R is
methyl; Y is O;R14 is methyl; R15 is phenyl; and each
of C and Cb is of the S configuration. [0080] In
another embodiment, the present invention pertains to
a process for the preparation a compound of Formula IV
wherein R8, R9, R10 , R1 and R12 are hydrogen; X is NR
and R is methyl; Y is O; R14 is methyl; R15 is phenyl;
each of C and Cb is of the S configuration; and B is
3,5-di-methylphenyl. [0081] In another embodiment, the
present invention pertains to a process for the
preparation a compound of Formula IV wherein R8, R9,
R10 , R1 1 and R12 are hydrogen; X is NR and R is
methyl; Y is O; R14 is methyl; R15 is phenyl; each of
C3 and Cb is of the S configuration; and A is
2-ethyl-3-methoxyphenyl. [0082] In another embodiment,
the present invention pertains to a process for the
preparation a compound of Formula IV wherein R8, R9,
R10 , R1 1 and R12 are hydrogen; X is NR and R is
methyl; Y is O; R14 is methyl; R15 is phenyl; each of
C3 and Cb is of the S configuration; and R2 is
t-butyl. [0083] The present invention also pertains to
a process for the preparation of a compound of Formula
II or EU comprising:a) reacting an acyl hydrazine of
formula XI with a ketone of Formula XII XO R 1 2
Formula XII to form a compound of Formula XIII;
Formula XIII wherein R1 does not equal R2; b) reducing
the compound of Formula XIII in the presence of a
chiral catalyst to form a compound of Formula S-XFV or
-XIV; and c) reacting the compound of Formula S-XIV or
R-XTV with a compound of Formula B-CO-LG where LG is a
leaving group to form a compound of Formula II or III.
[0084] Diacylhydrazines of Formula I of the invention
include, but are not limited to:r c-N'-(l- e/-
-Butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazinecarbo
xylic acid benzyl ester; or rac-N'-(l-/er
-Butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-
hydrazinecarboxylic acid tert-buty\ ester. Chiral
diacylhydrazines of Formula II or III of the present
invention include, but are not limited to:
(S)-3,5-Dimethyl-benzoic acid
N-(l-cyclohexyl-butyl)-N'-(2-ethyl-3-methoxybenzoyl)-
hydrazide; (S -3,5-Dimethyl-benzoic acid N-(I
-cyclohexyl-butyl)-N'-(3-methoxy-benzoyl)- hydrazide;
(5)-3,5-Dimethyl-benzoic acid N-(I
-eyelohexyl-butyl)-N'-(4-methyl-benzoyl)- hydrazide.
(R)-N'-(1- r
-Butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazinecarbo
xylic acid benzyl ester; ?)-N'-(l- r
-Butyl-butyl)-N'-(3,5-dimethyl-benzoyl)-hydrazinecarbo
xylic acid tert-h\xiy\ ester; (R)-K-( 1-
rt-Butyl-4-hydroxy-butyl)-N'-(3 ,5-dimethyl-benzoyl)-
hydrazinecarboxylic acid benzyl ester; (i?)-N'-(l-
ert-Butyl-4-hydroxy-butyl)-N'-(3,5-dimethyl-benzoyl)-h
ydrazine carboxylic acid benzyl ester;
(7?>3,5-Dimethyl-benzoic acid N-(l- er
-butyl-butyl)-N'-(2-ethyl-3-methoxybenzoyl)-
hydrazide; ?^-3,5-Dimethyl-benzoic acid
N'-benzoyl-N-(l -t r -butyl-butyl)-hydrazide;
^-3,5-Dimethyl-benzoic acid N-(I - r
-butyl-butyl)-N'-(2-methyl-benzoyl)- hydrazide;
^-3,5-Dimethyl-benzoic acid N-(l-ter
t-butyl-butyi)-N'-(2-methoxy-benzoyl)- hydrazide;
(K>3,5-Dimethyl-benzoic acid N-(l-ter
t-butyl-butyl)-N'-(2-fluoro-benzoyl)- hydrazide;
fK>3,5-Dimethyl-benzoic acid N-(I
-ter/-butyl-butyl)-N'-(2-chloro-benzoyl)- hydrazide;
^-3,5-Dimethyl-benzoic acid N'-(2-bromo-benzoyl)-N-(l-
t r -butyl-butyl)- hydrazide;(K>3,5-Dimethyl-benzoic
acid N-(I - r -butyl-butyl)-N'-(3-methyl-benzoyl)-
hydrazide; fi?,)-3,5-Dimethyl-benzoic acid N-(l- t r
-butyl-butyl)-N'-(3-methoxy-benzoyl)- hydrazide;
^-3,5-Dimethyl-benzoic acid
N-(l-terJ-butyl-butyl)-N'-(3-chloro-benzoyl)-
hydrazide; f/?;-3,5-Dimethyl-benzoic acid N-(I -t
t-butyl-butyl)-N'-(4-methyl-benzoyl)- hydrazide; ?;
-3,5-Dimethyl-benzoic acid N-(I - r
-butyl-butyl)-N'-(4-ethyl-benzoyl)- hydrazide;
(2?,)-3,5-Dimethyl-benzoic acid N-(I -t
rt-butyl-butyl)-N'-(4-methoxy-benzoyl)- hydrazide;
(^-3,5-Dimethyl-benzoic acid N-(I - r
-butyl-butyl)-N'-(4-chloro-benzoyl)- hydrazide;
(7?)-3,5-Dimethyl-benzoic acid N-(l- er
-butyl-butyl)-N'-(2,6-difluoro-benzoyl)- 



hydrazide; (7?>3,5-Dimethyl-benzoic acid N-(I
-/er/-butyl-butyl)-N'-(2,6-dichloro-benzoyl)-
hydrazide; (7?>3,5-Dimethyl-benzoic acid N-(l-
-butyl-butyl)-N'-(3,4-dimethoxybenzoyl)- hydrazide;
(^-3,5-Dimethyl-benzoic acid N-(l-/er
t-butyl-butyl)-N'-(3,5-difluoro-benzoyl)- hydrazide;
(7?;-3,5-Dimethyl-benzoic acid N-(I - r
-butyl-butyl)-N'-(3,5-dimethoxy-4-
methyl-benzoyl)-hydrazide; (7?>3,5-Dimethyl-benzoic
acid N-( 1-tert-butyl-butyl)-N'-(4-methylbenzo
[1,3]dioxole-5-carbonyl)-hydrazide ;
^)-3,5-Dimethyl-benzoic acid N-(l- e
-butyl-butyl)-N'-(5-methyl-2,3-dihydrobenzo[
1,4]dioxine-6-carbonyl)-hydrazide; (7?;
-3,5-Dimethyl-benzoic acid
N-(l-tert-butyl-butyl)-N'-(5-ethyl-2,3-dihydrobenzo[
1,4]dioxine-6-carbonyl)-hydrazide;
(K>-3,5-Dimethyl-benzoic acid N-(l-te
rt-butyl-butyl)-N'-(naphthalene-lcarbonyl)- hydrazide;
(K>3,5-Dimethyl-benzoic acid N-(I
-tert-butyl-butyl)-N'-(naphthalene-2-
carbonyl)-hydrazide; (2?,)-3,5-Dimethyl-benzoic acid
N-(l-ter -butyl-butyl)-N'-(thiophene-2-carbonyl)-
hydrazide; ^-3,5-Dimethyl-benzoic acid N-(I - er
-butyl-butyl)-N'-(2,5-dimethyl-furan-3-
carbonyl)-hydrazide; (7?,)-3,5-Dimethyl-benzoic acid
N-(l-ter -butyl-butyl)-N'-(2-chloro-pyridine-3-
carbonyl)-hydrazide; (2?j-3,5-Dimethyl-benzoic acid
N-(I -tert-butyl-butyi)-N'-(6-chloro-pyridine-3-
carbonyl)-hydrazide; (7?j-3,5-Dimethyl-benzoic acid
N-(I -
ert-butyl-butyl)-N'-(3-methoxy-2-methylbenzoyl)-
hydrazide; (i?)-3,5-Dimethoxy-4-methyl-benzoic acid
N-(l-tert-butyl-butyl)-N'-(3-methoxy-
2-methyl-benzoyl)-hydrazide; and
(i?)-3,5-Dimethyl-benzoic acid
N'-(4-ethyl-benzoyl)-N-(l-phenethyl-but-3-enyl)-
hydrazide. [0086] Chiral diacylhydrazines of Formula
II and III may contain chirality centers in other
portions of the molecule (i.e., not at the asymmetric
carbon atom bearing R1 and R2) . All possible
enantiomers, diastereomers and stereoisomers are
intended to be encompassed within the scope of the
present invention. [0087] The present invention also
pertains to methods of modulating gene expression in a
host cell using a gene expression modulation system
with a diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III. [0088] In
one embodiment, the present invention relates to the
use of a diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III in an
inducible gene expression system that has a reduced
level of background gene expression in the absence of
ligand and responds to submicromolar concentrations of
the ligand. [0089] In another embodiment, the present
invention relates to a method of modulating the
expression of a target gene in a host cell, wherein
the host cell comprises a first gene expression
cassette comprising a first polynucleotide encoding a
first polypeptide comprising: i) a transactivation
domain;ii) a DNA-binding domain; and iii) a Group H
nuclear receptor ligand binding domain; and a second
gene expression cassette comprising: i) a response
element capable of binding to said DNA binding domain;
ii) a promoter that is activated by the
transactivation domain; and iii) said target gene; the
method comprising contacting said host cell with a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III; wherein
the expression of the target gene is modulated. [0090]
hi another embodiment, the present invention relates
to a method of modulating the expression of a gene of
interest in a host cell, wherein the host cell
comprises a first recombinant gene expression cassette
comprising a first polynucleotide encoding a first
polypeptide comprising: i) a DNA-binding domain; and
ii) a Group H nuclear receptor ligand binding domain;
and a second recombinant gene expression cassette
comprising: i) a response element capable of binding
to said DNA binding domain; ii) a promoter; and iii)
said gene of interest; the method comprising
contacting said host cell with a diacylhydrazine
ligand of Formula I or chiral diacylhydrazine ligand
of Formula II or III; wherein the expression of the
gene of interest is modulated. [0091] In another
embodiment, the invention relates to a method for
regulating endogenous or heterologous gene expression
in a transgenic subject comprising contacting a ligand
with an ecdysone receptor complex within the cells of
the subject, wherein the cells further contain a DNA
binding sequence for the ecdysone receptor complex
when in combination with the ligand and wherein
formation of an ecdysone receptor complex-ligand-DNA
binding sequence complex induces expression of the
gene, and where the ligand is a diacylhydrazine ligand
of Formula I or chiral diacylhydrazine ligand of
Formula II or HI, wherein endogenous or heterologous
gene expression in a transgenic subject is
regulated.[0092] In one embodiment, the cells are
autologous cells, i.e. the cells are obtained from the
subject and transfected with the ecdysone receptor
complex and DNA binding sequence. The transfected
autologous cells are then implanted back into the
subject which is then treated with the ligand. The
autologous cells may be implanted in any of a number
of ways, including by infusion or injection, e.g.
direct injection. In one embodiment, the autologous
cells are implanted by intra-tumoral injection. [0093]
In another embodiment, the invention relates to a
method for regulating endogenous or heterologous gene
expression in a transgenic subject comprising
contacting a ligand with a chimeric ecdysone receptor
complex within the cells of the subject, wherein the
cells further contain a DNA binding sequence further
comprising a promoter for the ecdysone receptor
complex when in combination with the ligand and
wherein formation of an ecdysone receptor
complex-ligand-DNA binding sequence complex induces
expression of the gene, and where the ligand is a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III, wherein
endogenous or heterologous gene expression in a
transgenic subject is regulated. [0094] In another
embodiment the transgenic subject is a plant, insect,
animal or mammal, e.g human or veterinary animal such
as a cow, pig, sheep, goat, horse, dog or cat. [0095]
hi another embodiment, the invention relates to a
method of regulating transgene expression in a
transgenic subject, wherein said transgenic subject
comprises a recombinant ecdysone receptor complex
capable of regulating transgene expression; the method
comprising administering to said subject an effective
amount of a a diacylhydrazine ligand of Formula I or
chiral diacylhydrazine ligand of Formula II or III.
[0096] In another embodiment, the invention relates to
a method of modulating the expression of a target gene
in a host cell comprising the steps of: a) introducing
into the host cell a gene expression modulation system
comprising: i) a first gene expression cassette that
is capable of being expressed in a host cell, said
first gene expression cassette comprising a
polynucleotide sequence that encodes a first hybrid
polypeptide comprising: (a) a DNA-binding domain that
recognizes a response element associated with a gene
whose expression is to be modulated; and (b) an
ecdysone receptor ligand binding domain;ii) a second
gene expression cassette that is capable of being
expressed in the host cell, said second gene
expression cassette comprising a polynucleotide
sequence that encodes a second hybrid polypeptide
comprising: (a) a transactivation domain; and (b) a
chimeric retinoid X receptor ligand binding domain;
and iii) a third gene expression cassette that is
capable of being expressed in a host cell, said third
gene expression cassette comprising a polynucleotide
sequence comprising: (a) a response element recognized
by the DNA-binding domain of the first hybrid
polypeptide; (b) a promoter that is activated by the
transactivation domain of the second hybrid
polypeptide; and (c) a gene whose expression is to be
modulated; and b) introducing into the host cell a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III; wherein
the expression of a gene in a host cell is modulated.
hi another embodiment, the present invention relates
to a method for producing a polypeptide comprising the
steps of: a) selecting a host cell which is
substantially insensitive to exposure to a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III; b)
introducing into the host cell: i) a DNA construct
comprising: (a) an exogenous gene encoding the
polypeptide; and (b) a response element; wherein the
gene is under the control of the response element; and
ii) an ecdysone receptor complex comprising: a) a DNA
binding domain that binds to the response element; b)
a binding domain for said compound; and c) a
transactivation domain; and c) exposing the cell to
said compound; wherein a polypeptide is produced. In
another embodiment, the invention pertains to a method
wherein the ecdysone receptor complex or ecdysone
receptor ligand binding domain comprises a
mutation.[0098] The abbreviations used herein have
their conventional meaning within the chemical and
biological arts, unless otherwise specified. For
example: "h" means hour(s), "min" means minute(s),
"sec" means second(s), "d" means day(s), "mL" means
microliter(s), "mL" means milliliter(s), "L" means
liter(s), "mM" means micromolar, "mM" means
millimolar, "M" means molar, "mol" means moles, "mmol"
means millimoles, "mg" means microgram(s), "mg" means
milligram(s), "A" means adenine or adenosine, "T"
means thymine or thymidine, "G" means guanine or
guanosine, "C" 



means cytidine or cytosine, "x g" means times gravity,
"nt" means nucleotide(s), "aa" means amino acid(s),
"bp" means base pair(s), "kb" means kilobase(s), "k"
means kilo, "m" means micro, "0C" means degrees
Celsius, "THF" means tetrahydrofuran, "DME" means
dimethoxyethane, "DMF" means dimethylformamide, "NMR"
means nuclear magnetic resonance, "psi" refers to
pounds per square inch, and "TLC" means thin layer
chromatography. [0099] The term "alkyl" as used herein
by itself or part of another group refers to a
straight-chain or branched saturated aliphatic
hydrocarbon having from one to ten carbons or the
number of carbons designated (Ci-C 10 means 1 to 10
carbons). Exemplary alkyl groups include methyl,
ethyl, n-propyl, isopropyl, H-butyl, sec-butyl,
isobutyl, tert-buty\, n-pentyl, w-hexyl, isohexyl,
w-heptyl, 4,4-dimethylpentyl, w-octyl,
2,2,4-trimethylpentyl, nonyl, decyl and the like.
[00100] The term "optionally substituted alkyl" as
used herein by itself or part of another group refers
to an alkyl as defined above that is optionally
substituted with one to three substituents
independently selected from nitro, cyano, amino,
optionally substituted cycloalkyl, optionally
substituted heteroaryl, optionally substituted
heterocycle, alkoxy, aryloxy, arylalkyloxy, alkylthio,
carboxamido, sulfonamido, -CORC, -SO2Rd, - N(Re)CORf,
-N(Re)SO2Rs or -N(Re)C=N(Rh)-amino. Exemplary
substituted alkyl groups include -CH2OCH3, -CH2CH2NH2,
-CH2CH2CN, -CH2SO2CH3 and the like. [00101] The term
"haloalkyl" as used herein by itself or part of
another group refers to an alkyl as defined above
having one to six halo substitutents. Exemplary
haloalkyl groups include, trifluoromethyl, -CH2CH2F
and the like. [00102] The term "hydroxyalkyl" as used
herein by itself or part of another group refers to an
alkyl as defined above having one to three hydroxy
substitutents, typically onehydroxy substituent.
Exemplary hydroxyalkyl groups include hydroxymethyl,
hydroxyethyl, hydroxypropyl, and the like. [00103] The
term "arylalkyl" as used herein by itself or part of
another group refers to an alkyl as defined above
having one to three aryl substitutents (said aryl
substituents may be optionally substituted as
described below), typically one or two aryl
substituents. Exemplary arylalkyl groups include, for
example, benzyl, phenylethyl, 4- fluorophenylethyl,
phenylpropyl, diphenylmethyl and the like. [00104] The
term "cycloalkyl" as used herein by itself or part of
another group refers to saturated and partially
unsaturated (containing one or two double bonds)
cyclic hydrocarbon groups containing one to three
rings having from three to twelve carbon atoms or the
number of carbons designated. Exemplary cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, norbornyl,
decalin, adamantyl and the like. [00105] The term
"optionally substituted cycloalkyl" as used herein by
itself or part of another group refers to a cycloalkyl
as defined above that is optionally substituted with
one to three substituents independently selected from
halo, nitro, cyano, hydroxy, amino, optionally
substituted alkyl, haloalkyl, hydroxyalkyl, arylalkyl,
optionally substituted cycloalkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted heterocycle,
alkoxy, aryloxy, arylalkyloxy, alkylthio, carboxamido,
sulfonamido, -CORC, -SO2Rd, - N(Re)CORf, -N(Re)SO2Rg
or -N(Re)C=N(Rh)-amino. Exemplary optionally
substituted cycloalkyl groups include and the like. An
optionally substituted cycloalkyl may be fused to an
aryl group to provide an optionally substituted aryl
as described below. [00106] The term "alkenyl" as used
herein by itself or part of another group refers to an
alkyl group as defined above containing one to three
carbon-to-carbon double bonds, typically one or two
double bonds. Exemplary alkenyl groups include
-CH=CH2, - CH2CH=CH2, -CH2CH2CH=CH2, -CH2CH2CH=CHCH3
and the like.[00107] The term "optionally substituted
alkenyl" as used herein by itself or part of another
group refers to an alkenyl as defined above that is
optionally substituted with one to three substituents
independently selected from halo, nitro, cyano,
hydroxy, amino, optionally substituted alkyl,
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted cycloalkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted aryl, optionally substituted heteroaryl,
optionally substituted heterocycle, alkoxy, aryloxy,
arylalkyloxy, alkylthio, carboxamido, sulfonamido,
-CORC, -SO2Rd, - N(Re)CORf, -N(Re)SO2Rg or
-N(Re)C=N(Rh)-amino. Exemplary optionally substituted
alkenyl groups include -CH=CHPh, -CH2CH=CHPh and the
like. [00108] The term "alkynyl" as used herein by
itself or part of another group refers to an alkyl
group as defined above containing one to three
carbon-to-carbon triple bonds, typically one or two
triple bonds. Exemplary alkynyl groups include -CCH,
-C=CCH3, - CH2C=CH, -CH2CH2C=CH and -CH2CH2C=CCH3.
[00109] The term "optionally substituted alkynyl" as
used herein by itself or part of another group refers
to an alkynyl as defined above that is optionally
substituted with one to three substituents
independently selected from halo, nitro, cyano,
hydroxy, amino, optionally substituted alkyl,
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted cycloalkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted aryl, optionally substituted heteroaryl,
optionally substituted heterocycle, alkoxy, aryloxy,
arylalkyloxy, alkylthio, carboxamido, sulfonamido,
-CORC, -SO2Rd, - N(Re)CORf, -N(Re)SO2Rg or
-N(Re)C=N(Rh)-amino. Exemplary optionally substituted
alkenyl groups include -CCPh, -CH2C=CPh and the like.
[00110] The term "aryl" as used herein by itself or
part of another group refers to monocyclic and
bicyclic aromatic ring systems having from six to
twelve carbon atoms such as phenyl (abbreviated as
Ph), 1-naphthyl and 2-naphthyl. [00111] The term
"optionally substituted aryl" as used herein by itself
or part of another group refers to an aryl as defined
above that is optionally substituted with one to five
substituents, typically one to three substitutents,
independently selected from halo, nitro, cyano,
hydroxy, amino, optionally substituted alkyl,
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted cycloalkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted aryl, optionally substituted heteroaryl,
optionally substituted heterocycle, alkoxy, aryloxy,
arylalkyloxy, alkylthio, carboxamido,sulfonamide
-CORC, -SO2Rd, -NCR COR , -N(Re)SO2R8 or -N(Re)C=N(R
h)-amino. Exemplary optionally substituted aryl groups
include 2-methylphenyl, 2-methoxyphenyl,
2-fluorophenyl, 2-chlorophenyl, 2-bromophenyl,
3-methylphenyl, 3-methoxyphenyl, 3- chlorophenyl,
4-methylphenyl, 4-ethylphenyl, 4-methoxyphenyl,
4-chlorophenyl, 2,6-difluorophenyl,
2,6-di-chlorophenyl, 2-methyl, 3-methoxyphenyl,
2-ethyl, 3- methoxyphenyl, 3,4-di-methoxyphenyl,
3,5-di-fluorophenyl 3,5-di-methylphenyl and 3,5-
dimethoxy, 4-methylphenyl and the like. The term
optionally substituted aryl is meant to include groups
having fused optionally substituted cycloalkyl and
fused optionally substituted heterocycle rings.
Examples include and the like. [00112] The term
"heteroaryl" as used herein by itself or part of
another group refers to monocyclic and bicyclic
aromatic ring systems having from five to fourteen
carbon atoms and one, two, three or four heteroatoms
independently selected from oxygen, nitrogen and
sulfur. Exemplary heteroaryl groups include
1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 2- imidazolyl,
4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl,
5-oxazolyl, 3-isoxazolyl, 4- isoxazolyl, 5-isoxazolyl,
2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl,
3-furyl, 2-thienyl, 3- thienyl, 2-pyridyl, 3-pyridyl,
4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl,
purinyl, 2-benzimidazolyl, 4-benzimidazolyl,
5-benzimidazolyl, 2-benzthiazolyl, 4- benzthiazolyl,
5-benzthiazolyl, 5-indolyl, 5-indolyl, 3-indazolyl,
4-indazolyl, 5-indazolyl, 1-isoquinolyl,
5-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl,
2-quinolyl 3-quinolyl, 6- quinolyl and the like. The
term heteroaryl is meant to include possible N-oxides.
Exemplary N-oxides include pyridyl N-oxide and the
like. [00113] The term "optionally substituted
heteroaryl" as used herein by itself or part of
another group refers to a heteroaryl as defined above
that is optionally substituted at any available carbon
atom with one to four substituents, typically one or
two substituents, independently selected from halo,
nitro, cyano, hydroxy, amino, optionally
substitutedalkyl, haloalkyl, hydroxyalkyl, arylalkyl,
optionally substituted cycloalkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted heterocycle,
alkoxy, aryloxy, arylalkyloxy, alkylthio, carboxamido,
sulfonamido, -CORC, -SO2Rd, -N R COR -N(R^SO 2R or -
N(Re)C=N(Rh)-amino. Exemplary substituted heteroaryl
groups include and the like. [00114] The specific
chemical nature of the optionally substituted aryl and
optionally substituted heteroaryl groups for the
terminal moieties A and B in the prior identified
chiral diacylhydrazine ligands is not narrowly
critical, and as noted, a wide variety of substituents
are contemplated. Preferably, substituents for the
optionally substituted aryl and optionally substituted
heteroaryl are selected such that the total number of
carbon and heteroatoms is no more than about twenty,
more preferably no more than about fifteen. [00115]
The term "heterocycle" as used herein by itself or
part of another group refers to saturated and
partially unsaturated (containing one or two double
bonds) cyclic groups containing one to three rings
having from two to twelve carbon atoms and one or two
oxygen, sulfur or nitrogen atoms. The heterocycle can
be optionally linked to the rest of the molecule
through a carbon atom or a nitrogen atom. Exemplary
heterocycle groups include and the like. [00116] The
term "optionally substituted heterocycle" as used
herein by itself or part of another group refers to a
heterocycle as defined above that is optionally
substituted with one to four substituents, typically
one or two substituents independently selected
fromhalo, nitro, cyano, hydroxy, amino, optionally
substituted alkyl, haloalkyl, hydroxyalkyl, arylalkyl,
optionally substituted cycloalkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted heterocycle,
alkoxy, aryloxy, arylalkyloxy, alkylthio, carboxamido,
sulfonamido, -CORC, -SO2Rd, -N(Re)C0R f, -N(Re)SO2Rg
or -N(Re)C=N(Rh)-amino. Exemplary optionally
substituted heterocycle groups include and the like.
An optionally substituted heterocycle may be fused to
an aryl group to provide an optionally substituted
aryl as described above. [00117] The term "alkoxy" as
used herein by itself or part of another group refers
to a hydroxyalkyl, haloalkyl, arylalkyl, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl or optionally
substituted alkynyl attached to a terminal oxygen
atom. Exemplary alkoxy groups include methoxy, r
-butoxy, - OCH2CH=CH2 and the like. [00118] The term
"aryloxy" as used herein by itself or part of another
group refers to an optionally substituted aryl
attached to a terminal oxygen atom. Exemplary aryloxy
groups include phenoxy and the like. [00119] The term
"arylalkyloxy" as used herein by itself or part of
another group refers to an arylalkyl attached to a
terminal oxygen atom. Exemplary arylalkyloxy groups
include benzyloxy and the like. 



[00120] The term "alkylthio" as used herein by itself
or part of another group refers to a hydroxyalkyl,
haloalkyl, arylalkyl, optionally substituted alkyl,
optionally substituted alkenyl or optionally
substituted alkynyl attached to a terminal sulfur
atom. Exemplary alkyl groups include -SCH3 and the
like.[00121] The term "halo" or "halogen" as used
herein by itself or part of another group refers to
fluoro, chloro, bromo or iodo. [00122] The term
"amino" as used herein by itself or part of another
group refers to a radical of formula -NRaRb wherein Ra
and Rb are independently hydrogen, haloalkyl,
hydroxyalkyl, arylalkyl, optionally substituted alkyl,
optionally substituted cycloalkyl, optionally
substituted heterocycle, optionally substituted aryl
or optionally substituted heteroaryl; or Ra and Rb
taken together with the nitrogen atom to which they
are attached form a four to seven membered
heterocycle. Exemplary amino groups include -NH2, -
N(H)CH3, -N(CH3)2, -N(H)CH2Ph and the like. [00123]
The term "carboxamido" as used herein by itself or
part of another group refers to a radical of formula
-CO-amino. Exemplary carboxamido groups include
-CONH2, - CON(H)CH3, -CON(H)Ph and the like. [00124]
The term "sulfonamido" as used herein by itself or
part of another group refers to a radical of formula
-SO2-amino. Exemplary sulfonamido groups include
-SO2NH2, - SO2N(H)CH3, -SO2N(H)Ph and the like.
[00125] hi reference to the optionally substituted
groups described above, Rc is hydrogen, hydroxy,
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted heterocycle,
optionally substituted aryl, optionally substituted
heteroaryl, alkoxy, aryloxy or arylalkyloxy; Rd is
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted heterocycle,
optionally substituted aryl or optionally substituted
heteroaryl; Re is hydrogen, haloalkyl, hydroxyalkyl,
arylalkyl, optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted heterocycle, optionally substituted aryl
or optionally substituted heteroaryl; Rf is hydrogen,
haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted heterocycle,
optionally substituted aryl, optionally substituted
heteroaryl, alkoxy, aryloxy, arylalkyloxy or amino; R8
is haloalkyl, hydroxyalkyl, arylalkyl, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted heterocycle,optionally
substituted aryl, optionally substituted heteroaryl or
amino; and Rh is hydrogen, alkyl, aryl, cyano or
nitro. [00126] Throughout the specification, groups
and optional substituents thereof are chosen to
provide stable moieties and compounds. [0100] The
compounds of the present invention may contain
unnatural proportions of atomic isotopes at one or
more of the atoms that constitute such compounds. For
example, the compounds may be radiolabeled with
radioactive isotopes, such as for example tritium
(3H), iodine-125 (125I) or carbon-14 (14C). All
isotopic variations of the compounds of the present
invention, whether radioactive or not, are intended to
be encompassed within the scope of the present
invention. [0101] The compounds of the present
invention may form salts which are also within the
scope of this invention. Reference to a compound of
the present invention herein is understood to include
reference to salts thereof, unless otherwise
indicated. The term "salt(s)" as used herein denotes
acidic and/or basic salts formed with inorganic and/or
organic acids and bases. In addition, when a compound
of Formula I, II or III contains both a basic moiety
and an acidic moiety, zwitterions ("inner salts") may
be formed and are included within the term "salt(s)"
as used herein. Pharmaceutically acceptable (i.e.,
non-toxic, physiologically acceptable) salts are
preferred, although other salts are also useful, e.g.
, in isolation or purification steps which may be
employed during preparation. Salts of the compounds of
Formula I, II or III may be formed, for example, by
reacting a compound with an amount of acid or base,
such as an equivalent amount, in a medium such as one
in which the salt precipitates or in an aqueous medium
followed by lyophilization. [0102] The compounds of
the present invention which contain a basic moiety may
form salts with a variety of organic and inorganic
acids. Exemplary acid addition salts include acetates
(such as those formed with acetic acid or
trihaloacetic acid, for example, trifluoroacetic
acid), adipates, alginates, ascorbates, aspartates,
benzoates, benzenesulfonates, bisulfates, borates,
butyrates, citrates, camphorates, camphorsulfonates,
cyclopentanepropionates, digluconates,
dodecylsulfates, ethanesulfonates, fumarates,
glucoheptanoates, glycerophosphates, hemisulfates,
heptanoates, hexanoates, hydrochlorides (formed with
hydrochloric acid), hydrobromides (formed with
hydrogen bromide), hydroiodides,
2-hydroxyethanesulfonates, lactates,maleates (formed
with maleic acid), methanesulfonates (formed with
methanesulfonic acid), 2-naphthalenesulfonates,
nicotinates, nitrates, oxalates, pectinates,
persulfates, 3- phenylpropionates, phosphates,
picrates, pivalates, propionates, salicylates,
succinates, sulfates (such as those formed with
sulfuric acid), sulfonates (such as those mentioned
herein), tartrates, thiocyanates, toluenesulfonates
such as tosylates, undecanoates, and the like. [0103]
The compounds of the present invention which contain
an acidic moiety may form salts with a variety of
organic and inorganic bases. Exemplary basic salts
include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts, alkaline earth
metal salts such as calcium and magnesium salts, salts
with organic bases (for example, organic amines) such
as benzathines, dicyclohexylamines, hydrabamines
(formed with N,N-bis(dehydroabietyl)ethylenediamine),
N-methyl-D-glucamines, Nmethyl- D-glucamides, t-butyl
amines, and salts with amino acids such as arginine,
lysine and the like. [0104] The stereochemical terms
and conventions used in the specification are
consistent with those described in Pure &Appl. Chem
68:2193 (1996), unless otherwise indicated. [0105] The
term "enantiomeric excess" or "ee" refers to a measure
for how much of one enantiomer is present compared to
the other. For a mixture of R and S enantiomers, the
percent enantiomeric excess is defined as | ? - |
*100, where R and S are the respective mole or weight
fractions of enantiomers in a mixture such that R + S
= 1. With knowledge of the optical rotation of a
chiral substance, the percent enantiomeric excess is
defined as ([a]ObS/ [ ]max)*100, where [a]Obs is the
optical rotation of the mixture of enantiomers and
[a]maX is the optical rotation of the pure enantiomer.
Determination of enantiomeric excess is possible using
a variety of analytical techniques, including NMR
spectroscopy, chiral column chromatography or optical
polarimetry. [0106] The terms "enantiomerically pure"
or "enantiopure" refer to a sample of a chiral
substance all of whose molecules (within the limits of
detection) have the same chirality sense. [0107] The
terms "enantiomerically enriched" or "enantioenriched"
refer to a sample of a chiral substance whose
enantiomeric ratio is greater than 50:50.
Enantiomerically enriched compounds may be
enantiomerically pure.[0108] The term "asymmetric
carbon atom" refers to a carbon atom in a molecule of
an organic compound that is attached to four different
atoms or groups of atoms. [0109] The term
"predominantly" means in a ratio greater than 50:50.
[0110] The term "leaving group" or "LG" refers to an
atom or group that becomes detached from an atom or
group in what is considered to be the residual or main
part of the substrate in a specified reaction. In
amide coupling reactions, exemplary leaving groups
include -F, -Cl, -Br, -OC6F5 and the like. [0111] The
term "isolated" for the purposes of the present
invention designates a material (e.g. a chemical
compound or biological material such as a nucleic acid
or protein) that has been removed from its original
environment (the environment in which it is naturally
present). For example, a polynucleotide present in the
natural state in a plant or an animal is not isolated,
however the same polynucleotide separated from the
adjacent nucleic acids in which it is naturally
present, is considered "isolated". [0112] The term
"purified", as applied to biological materials does
not require the material to be present in a form
exhibiting absolute purity, exclusive of the presence
of other compounds. It is rather a relative
definition. [0113] "Nucleic acid", "nucleic acid
molecule", "oligonucleotide" and "polynucleotide" are
used interchangeably andrefer to the phosphate ester
polymeric form of ribonucleosides (adenosine,
guanosine, uridine or cytidine; "RNA molecules") or
deoxyribonucleosides (deoxyadenosine, deoxyguanosine,
deoxythymidine, or deoxycytidine; "DNA molecules"), or
any phosphoester analogs thereof, such as
phosphorothioates and thioesters, in either single
stranded form, or a double-stranded helix. Double
stranded DNA-DNA, DNA-RNA and RNA-RNA helices are
possible. The term nucleic acid molecule, and in
particular DNA or RNA molecule, refers only to the
primary and secondary structure of the molecule, and
does not limit it to any particular tertiary forms.
Thus, this term includes double-stranded DNA found,
inter alia, in linear or circular DNA molecules {e.g.,
restriction fragments), plasmids, supercoiled DNA and
chromosomes. In discussing the structure of particular
double-stranded DNA molecules, sequences may be
described herein according to the normal convention of
giving only the sequence in the 5' to 3' direction
along the non-transcribed strand of DNA (i.e., the
strand having a sequence homologous to the mRNA). A
"recombinant DNA molecule" is a DNA molecule that has
undergone a molecular biologicalmanipulation. DNA
includes but is not limited to cDNA, genomic DNA,
plasmid DNA, synthetic DNA, and semi-synthetic DNA.
[0114] The term "fragment" refers to a nucleotide
sequence of reduced length relative to the reference
nucleic acid and comprising, over the common portion,
a nucleotide sequence identical to the reference
nucleic acid. Such a nucleic acid fragment according
to the invention may be, where appropriate, included
in a larger polynucleotide of which it is a
constituent. Such fragments comprise, or alternatively
consist of, oligonucleotides ranging in length from at
least 6, 8, 9, 10, 12, 15, 18, 20, 21, 22, 23, 24, 25,
30, 39, 40, 42, 45, 48, 50, 51, 54, 57, 60, 63, 66,
70, 75, 78, 80, 90, 100, 105, 120, 135, 150, 200, 300,
500, 720, 900, 1000 or 1500 consecutive nucleotides of
a nucleic acid according to the invention. [0115] As
used herein, an "isolated nucleic acid fragment"
refers to a polymer of RNA or DNA that is single- or
double-stranded, optionally containing synthetic,
non-natural or altered nucleotide bases. An isolated
nucleic acid fragment in the form of a polymer of DNA
may be comprised of one or more segments of cDNA,
genomic DNA or synthetic DNA. [0116] A "gene" refers
to a polynucleotide comprising nucleotides that encode
a functional molecule (e.g., a polypeptide or RNA),
and includes cDNA and genomic DNA nucleic acids.
"Gene" also refers to a nucleic acid fragment that
expresses a specific RNA, protein or polypeptide,
including regulatory sequences preceding (5'
non-coding 



sequences) and following (3' non-coding sequences) the
coding sequence. "Native gene" refers to a gene as
found in nature with its own regulatory sequences.
"Chimeric gene" refers to any gene that is not a
native gene, comprising regulatory and/or coding
sequences that are not found together in nature.
Accordingly, a chimeric gene may comprise regulatory
sequences and coding sequences that are derived from
different sources, or regulatory sequences and coding
sequences derived from the same source, but arranged
in a manner different than that found in nature. A
chimeric gene may comprise coding sequences derived
from different sources and/or regulatory sequences
derived from different sources. "Endogenous gene"
refers to a native gene in its natural location in the
genome of an organism. A "foreign" gene or
"heterologous" gene refers to a gene not normally
found in the host organism, but that is introduced
into the host organism by gene transfer. Foreign genes
can comprise native genes inserted into a
non-nativeorganism, or chimeric genes. A "transgene"
is a gene that has been introduced into the genome by
a transformation procedure. [0117] "Heterologous" DNA
refers to DNA not naturally located in the cell, or in
a chromosomal site of the cell. Preferably, the
heterologous DNA includes a gene foreign to the cell.
[0118] The term "genome" includes chromosomal as well
as mitochondrial, chloroplast and viral DNA or RNA.
[0119] A nucleic acid molecule is "hybridizable" to
another nucleic acid molecule, such as a cDNA, genomic
DNA, or RNA, when a single stranded form of the
nucleic acid molecule can anneal to the other nucleic
acid molecule under the appropriate conditions of
temperature and solution ionic strength (see Sambrook
et al., 1989 infra). Hybridization and washing
conditions are well known and exemplified in Sambrook
et al. in Molecular Cloning: A Laboratory Manual,
Second Edition, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor (1989), particularly Chapter 11 and
Table 11.1 therein (entirely incorporated herein by
reference). The conditions of temperature and ionic
strength determine the "stringency" of the
hybridization. [0120] Stringency conditions can be
adjusted to screen for moderately similar fragments,
such as homologous sequences from distantly related
organisms, to highly similar fragments, such as genes
that duplicate functional enzymes from closely related
organisms. For preliminary screening for homologous
nucleic acids, low stringency hybridization
conditions, corresponding to a Tm of 55, can be used,
e.g., 5x SSC, 0.1% SDS, 0.25% milk, and no formamide;
or 30% formamide, 5x SSC, 0.5% SDS). Moderate
stringency hybridization conditions correspond to a
higher Tm, e.g., 40% formamide, with 5x or 6x SCC.
High stringency hybridization conditions correspond to
the highest Tm, e.g., 50% formamide, 5x or 6x SCC.
[0121] Hybridization requires that the two nucleic
acids contain complementary sequences, although
depending on the stringency of the hybridization,
mismatches between bases are possible. The term
"complementary" is used to describe the relationship
between nucleotide bases that are capable of
hybridizing to one another. For example, with respect
to DNA, adenosine is complementary to thymine and
cytosine is complementary to guanine. Accordingly, the
present invention also includes isolatednucleic acid
fragments that are complementary to the complete
sequences as disclosed or used herein as well as those
substantially similar nucleic acid sequences. [0122]
In one embodiment of the invention, polynucleotides
are detected by employing hybridization conditions
comprising a hybridization step at Tn, of 55C, and
utilizing conditions as set forth above hi another
embodiment, the Tm is 60C; in one embodiment, the Tm
is 63C; in another embodiment, the Tm is 65C. [0123]
Post-hybridization washes also determine stringency
conditions. One set of conditions uses a series of
washes starting with 6X SSC, 0.5% SDS at room
temperature for 15 minutes (min), then repeated with
2X SSC, 0.5% SDS at 45C for 30 minutes, and then
repeated twice with 0.2X SSC, 0.5% SDS at 50C for 30
minutes. One set of stringent conditions uses higher
temperatures in which the washes are identical to
those above except for the temperature of the final
two 30 min washes in 0.2X SSC, 0.5% SDS is increased
to 60C. Another set of highly stringent conditions
uses two final washes in 0.1X SSC, 0.1% SDS at 65C.
[0124] The appropriate stringency for hybridizing
nucleic acids depends on the length of the nucleic
acids and the degree of complementation, variables
well known in the art. The greater the degree of
similarity or homology between two nucleotide
sequences, the greater the value of Tm for hybrids of
nucleic acids having those sequences. The relative
stability (corresponding to higher Tm) of nucleic acid
hybridizations decreases in the following order: RNA:
RNA, DNA: RNA, DNA: DNA. For hybrids of greater than
100 nucleotides in length, equations for calculating
Tm have been derived (see Sambrook et al., supra,
9.50-0.51). For hybridization with shorter nucleic
acids, i.e., oligonucleotides, the position of
mismatches becomes more important, and the length of
the oligonucleotide determines its specificity (see
Sambrook et al., supra, 11.7-1 1.8). [0125] In one
embodiment of the invention, polynucleotides are
detected by employing hybridization conditions
comprising a hybridization step in less than 500 mM
salt and at least 37 degrees Celsius, and a washing
step in 2XSSPE at least 63 degrees Celsius. In one
embodiment, the hybridization conditions comprise less
than 200 mM salt and at least 37 degrees Celsius for
the hybridization step hi a another embodiment, the
hybridization conditions comprise 2XSSPE and 63
degrees Celsius for both the hybridization and washing
steps.[0126] In another embodiment, the length for a
hybridizable nucleic acid is at least about 10
nucleotides. Preferably a minimum length for a
hybridizable nucleic acid is at least about 15
nucleotides; more preferably at least about 20
nucleotides; and most preferably the length is at
least 30 nucleotides. Furthermore, the skilled artisan
will recognize that the temperature and wash solution
salt concentration may be adjusted as necessary
according to factors such as length of the probe.
[0127] The term "probe" refers to a single-stranded
nucleic acid molecule that can base pair with a
complementary single stranded target nucleic acid to
form a double-stranded molecule. [0128] As used
herein, the term "oligonucleotide" refers to a short
nucleic acid that is hybridizable to a genomic DNA
molecule, a cDNA molecule, a plasmid DNA or an mRNA
molecule. Oligonucleotides can be labeled, e.g., with
32P-nucleotides or nucleotides to which a label, such
as biotin, has been covalently conjugated. A labeled
oligonucleotide can be used as a probe to detect the
presence of a nucleic acid. Oligonucleotides (one or
both of which may be labeled) can be used as PCR
primers, either for cloning full length or a fragment
of a nucleic acid, or to detect the presence of a
nucleic acid. An oligonucleotide can also be used to
form a triple helix with a DNA molecule. Generally,
oligonucleotides are prepared synthetically,
preferably on a nucleic acid synthesizer. Accordingly,
oligonucleotides can be prepared with non-naturally
occurring phosphoester analog bonds, such as thioester
bonds, etc. [0129] A "primer" refers to an
oligonucleotide that hybridizes to a target nucleic
acid sequence to create a double stranded nucleic acid
region that can serve as an initiation point for DNA
synthesis under suitable conditions. Such primers may
be used in a polymerase chain reaction. [0130]
"Polymerase chain reaction" is abbreviated PCR and
refers to an in vitro method for enzymatically
amplifying specific nucleic acid sequences. PCR
involves a repetitive series of temperature cycles
with each cycle comprising three stages: denaturation
of the template nucleic acid to separate the strands
of the target molecule, annealing a single stranded
PCR oligonucleotide primer to the template nucleic
acid, and extension of the annealed primer(s) by DNA
polymerase. PCR provides a means to detect the
presence of the target molecule and, under
quantitative or semi-quantitative conditions, to
determine the relative amount of that target molecule
within the starting pool of nucleic acids.[0131]
"Reverse transcription-polymerase chain reaction" is
abbreviated RT-PCR and refers to an in vitro method
for enzymatically producing a target cDNA molecule or
molecules from an RNA molecule or molecules, followed
by enzymatic amplification of a specific nucleic acid
sequence or sequences within the target cDNA molecule
or molecules as described above. RT-PCR also provides
a means to detect the presence of the target molecule
and, under quantitative or semi-quantitative
conditions, to determine the relative amount of that
target molecule within the starting pool of nucleic
acids. [0132] A DNA "coding sequence" refers to a
double-stranded DNA sequence that encodes a
polypeptide and can be transcribed and translated into
a polypeptide in a cell in vitro or in vivo when
placed under the control of appropriate regulatory
sequences. "Suitable regulatory sequences" refers to
nucleotide sequences located upstream (5' noncoding
sequences), within, or downstream (3' non-coding
sequences) of a coding sequence, and which influence
the transcription, RNA processing or stability, or
translation of the associated coding sequence.
Regulatory sequences may include promoters,
translation leader sequences, introns, polyadenylation
recognition sequences, RNA processing site, effector
binding site and stem-loop structure. The boundaries
of the coding sequence are determined by a start codon
at the 5' (amino) terminus and a translation stop
codon at the 3' (carboxyl) terminus. A coding sequence
can include, but is not limited to, prokaryotic
sequences, cDNA from mRNA, genomic DNA sequences, and
even synthetic DNA sequences. If the coding sequence
is intended for expression in a eukaryotic cell, a
polyadenylation signal and transcription termination
sequence will usually be located 3' to the coding
sequence. [0133] "Open reading frame" is abbreviated
ORF and refers to a length of nucleic acid sequence,
either DNA, cDNA or RNA, that comprises a translation
start signal or initiation codon, such as an ATG or
AUG, and a termination codon and can be potentially
translated into a polypeptide sequence. [0134] The
term "head-to-head" is used herein to describe the
orientation of two polynucleotide sequences in
relation to each other. Two polynucleotides are
positioned in a head-to-head orientation when the 5'
end of the coding strand of one polynucleotide is
adjacent to the 5' end of the coding strand of the
other polynucleotide, whereby the direction of
transcription of each polynucleotide proceeds away
from the 5' end of theother polynucleotide. The term
"head-to-head" may be abbreviated (5')-to-(5') and may
also be indicated by the symbols (< >) or
(3'<-5'5'->3'). [0135] The term "tail-to-tail" is used
herein to describe the orientation of two
polynucleotide sequences in relation to each other.
Two polynucleotides are positioned in a tail-to-tail
orientation when the 3' end of the coding strand of
one polynucleotide is adjacent to the 3' end of the
coding strand of the other polynucleotide, whereby the
direction of transcription of each polynucleotide
proceeds toward the other polynucleotide. The term
"tail-to-tail" may be abbreviated (3')-to-(3') and may
also be indicated by the symbols (-" <-) or
(5'(r)3'3'<-5'). [0136] The term "head-to-tail" is
used herein to describe the orientation of two
polynucleotide sequences in relation to each other.
Two polynucleotides are positioned in a head-to-tail
orientation when the 5' end of the coding strand of
one polynucleotide is adjacent to the 3' end of the
coding strand of the other polynucleotide, whereby the
direction of transcription of each polynucleotide
proceeds in the same direction as that of 



the other polynucleotide. The term "head-to-tail" may
be abbreviated (5')-to-(3') and may also be indicated
by the symbols (->-") or (5'-"3'5'-"3'). [0137] The
term "downstream" refers to a nucleotide sequence that
is located 3' to a reference nucleotide sequence. In
particular, downstream nucleotide sequences generally
relate to sequences that follow the starting point of
transcription. For example, the translation initiation
codon of a gene is located downstream of the start
site of transcription. [0138] The term "upstream"
refers to a nucleotide sequence that is located 5' to
a reference nucleotide sequence hi particular,
upstream nucleotide sequences generally relate to
sequences that are located on the 5' side of a coding
sequence or starting point of transcription. For
example, most promoters are located upstream of the
start site of transcription. [0139] The terms
"restriction endonuclease" and "restriction enzyme"
are used interchangeably and refer to an enzyme that
binds and cuts within a specific nucleotide sequence
within double stranded DNA. [0140] "Homologous
recombination" refers to the insertion of a foreign
DNA sequence into another DNA molecule, e.g.,
insertion of a vector in a chromosome. Preferably, the
vector targets a specific chromosomal site for
homologous recombination. For specifichomologous
recombination, the vector will contain sufficiently
long regions of homology to sequences of the
chromosome to allow complementary binding and
incorporation of the vector into the chromosome.
Longer regions of homology, and greater degrees of
sequence similarity, may increase the efficiency of
homologous recombination. [0141] Several methods known
in the art may be used to propagate a polynucleotide
according to the invention. Once a suitable host
system and growth conditions are established,
recombinant expression vectors can be propagated and
prepared in quantity. As described herein, the
expression vectors which can be used include, but are
not limited to, the following vectors or their
derivatives: human or animal viruses such as vaccinia
virus or adenovirus; insect viruses such as
baculovirus; yeast vectors; bacteriophage vectors
(e.g., lambda), and plasmid and cosmid DNA vectors, to
name but a few. [0142] A "vector" refers to any
vehicle for the cloning of and/or transfer of a
nucleic acid into a host cell. A vector may be a
replicon to which another DNA segment may be attached
so as to bring about the replication of the attached
segment. A "replicon" refers to any genetic element
(e.g., plasmid, phage, cosmid, chromosome, virus) that
functions as an autonomous unit of DNA replication in
vivo, i.e., capable of replication under its own
control. The term "vector" includes both viral and
nonviral vehicles for introducing the nucleic acid
into a cell in vitro, ex vivo or in vivo. A large
number of vectors known in the art may be used to
manipulate nucleic acids, incorporate response
elements and promoters into genes, etc. Possible
vectors include, for example, plasmids or modified
viruses including, for example bacteriophages such as
lambda derivatives, or plasmids such as pBR322 or pUC
plasmid derivatives, or the Bluescript vector. For
example, the insertion of the DNA fragments
corresponding to response elements and promoters into
a suitable vector can be accomplished by ligating the
appropriate DNA fragments into a chosen vector that
has complementary cohesive termini. Alternatively, the
ends of the DNA molecules may be enzymatically
modified or any site may be produced by ligating
nucleotide sequences (linkers) into the DNA termini.
Such vectors may be engineered to contain selectable
marker genes that provide for the selection of cells
that have incorporated the marker into the cellular
genome. Such markers allow identification and/or
selection of host cells that incorporate and express
the proteins encoded by the marker.[0143] Viral
vectors, and particularly retroviral vectors, have
been used in a wide variety of gene delivery
applications in cells, as well as living animal
subjects. Viral vectors that can be used include but
are not limited to retrovirus, adeno-associated virus,
pox, baculovirus, vaccinia, herpes simplex,
Epstein-Barr, adenovirus, geminivirus, and
caulimovirus vectors. Non-viral vectors include
plasmids, liposomes, electrically charged lipids
(cytofectins), DNA-protein complexes, and biopolymers.
hi addition to a nucleic acid, a vector may also
comprise one or more regulatory regions, and/or
selectable markers useful in selecting, measuring, and
monitoring nucleic acid transfer results (transfer to
which tissues, duration of expression, etc.). [0144]
The term "plasmid" refers to an extra-chromosomal
element often carrying a gene that is not part of the
central metabolism of the cell, and usually in the
form of circular double-stranded DNA molecules. Such
elements may be autonomously replicating sequences,
genome integrating sequences, phage or nucleotide
sequences, linear, circular, or supercoiled, of a
single- or double-stranded DNA or RNA, derived from
any source, in which a number of nucleotide sequences
have been joined or recombined into a unique
construction which is capable of introducing a
promoter fragment and DNA sequence for a selected gene
product along with appropriate 3' untranslated
sequence into a cell. [0145] A "cloning vector" refers
to a "replicon," which is a unit length of a nucleic
acid, preferably DNA, that replicates sequentially and
which comprises an origin of replication, such as a
plasmid, phage or cosmid, to which another nucleic
acid segment may be attached so as to bring about the
replication of the attached segment. Cloning vectors
may be capable of replication in one cell type and
expression in another ("shuttle vector"). [0146] The
term "expression vector" refers to a vector, plasmid
or vehicle designed to enable the expression of an
inserted nucleic acid sequence following
transformation into the host. The cloned gene, i.e.,
the inserted nucleic acid sequence, is usually placed
under the control of control elements such as a
promoter, a minimal promoter, an enhancer, or the
like. Initiation control regions or promoters, which
are useful to drive expression of a nucleic acid in
the desired host cell are numerous and familiar to
those skilled in the art. Virtually any promoter
capable of driving these genes is suitable for the
present invention including but not limited to: viral
promoters, bacterial promoters, animal promoters,
mammalian promoters, synthetic promoters, constitutive
promoters, tissue specificpromoter, developmental
specific promoters, inducible promoters, light
regulated promoters; CYCl, HIS3, GALl, GAL4, GALlO,
ADHl, PGK, PH05, GAPDH, ADCl, TRPl, URA3, LEU2, ENO,
TPI, alkaline phosphatase promoters (useful for
expression in Saccharomyces); AOXl promoter (useful
for expression in Pichi) ; b-lactamase, lac, ara, tet,
trp, IPi, IPR, Tl, tac, and trc promoters (useful for
expression in Escherichia coli); light regulated-,
seed specific-, pollen specific-, ovary specific-,
pathogenesis or disease related-, cauliflower mosaic
virus 35S, CMV 35S minimal, cassava vein mosaic virus
(CsVMV), chlorophyll a/b binding protein, ribulose 1,
5-bisphosphate carboxylase, shootspecific, root
specific, chitinase, stress inducible, rice tungro
bacilliform virus, plant super-promoter, potato
leucine aminopeptidase, nitrate reductase, mannopine
synthase, nopaline synthase, ubiquitin, zein protein,
and anthocyanin promoters (useful for expression in
plant cells); animal and mammalian promoters known in
the art include, but are not limited to, the SV40
early (SV40e) promoter region, the promoter contained
in the 3' long terminal repeat (LTR) of Rous sarcoma
virus (RSV), the promoters of the ElA or major late
promoter (MLP) genes of adenoviruses (Ad), the
cytomegalovirus (CMV) early promoter, the herpes
simplex virus (HSV) thymidine kinase (TK) promoter, a
baculovirus IEl promoter, an elongation factor 1 alpha
(EFl) promoter, a phosphoglycerate kinase (PGK)
promoter, a ubiquitin (Ubc) promoter, an albumin
promoter, the regulatory sequences of the mouse
metallothionein-L promoter and transcriptional control
regions, the ubiquitous promoters (HPRT, vimentin,
a-actin, tubulin and the like), the promoters of the
intermediate filaments (desmin, neurofilaments,
keratin, GFAP, and the like), the promoters of
therapeutic genes (of the MDR, CFTR or factor VIII
type, and the like), pathogenesis or disease
related-promoters, and promoters that exhibit tissue
specificity and have been utilized in transgenic
animals, such as the elastase I gene control region
which is active in pancreatic acinar cells; insulin
gene control region active in pancreatic beta cells,
immunoglobulin gene control region active in lymphoid
cells, mouse mammary tumor virus control region active
in testicular, breast, lymphoid and mast cells;
albumin gene, Apo AI and Apo All control regions
active in liver, alpha-fetoprotein gene control region
active in liver, alpha 1-antitrypsin gene control
region active in the liver, beta-globin gene control
region active in myeloid cells, myelin basic protein
gene control region active in oligodendrocyte cells in
the brain, myosin light chain-2 gene control region
active in skeletal muscle, and gonadotropicreleasing
hormone gene control region active in the
hypothalamus, pyruvate kinase promoter, villin
promoter, promoter of the fatty acid binding
intestinal protein, promoter of the smooth muscle cell
a-actin, and the like. In addition, these expression
sequences may be modified by addition of enhancer or
regulatory sequences and the like. [0147] Vectors may
be introduced into the desired host cells by methods
known in the art, e.g., transfection, electroporation,
microinjection, transduction, cell fusion, DEAE
dextran, calcium phosphate precipitation, lipofection
(lysosome fusion), use of a gene gun, or a DNA vector
transporter (see, e.g., Wu et al, J. Biol. Chem.
267:963-967 (1992); Wu et al, J. Biol. Chem.
263:14621-14624 (1988); and Hartmut et al, Canadian
Patent Application No. 2,012,31 1, filed March 15,
1990). [0148] A polynucleotide according to the
invention can also be introduced in vivo by
lipofection. For the past decade, there has been
increasing use of liposomes for encapsulation and
transfection of nucleic acids in vitro. Synthetic
cationic lipids designed to limit the difficulties and
dangers encountered with liposome-mediated
transfection can be used to prepare liposomes for in
vivo transfection of a gene encoding a marker (Feigner
et al, Proc. Natl. Acad. ScL USA. 84:7413 (1987);
Mackey et al, Proc. Natl. Acad. ScL USA 55:8027-8031
(1988); and Ulmer et al, Science 259:1745-1748
(1993)). The use of cationic lipids may promote
encapsulation of negatively charged nucleic acids, and
also promote fusion with negatively charged cell
membranes (Feigner et al, Science 337:387-388 (1989)).
Particularly useful lipid compounds and compositions
for transfer of nucleic acids are described in
WO95/18863, WO96/17823 and U.S. 5,459,127. The use of
lipofection to introduce exogenous genes into the
specific organs in vivo has certain practical
advantages. Molecular targeting of liposomes to
specific cells represents one area of benefit. It is
clear that directing transfection to particular cell
types would be particularly preferred in a tissue with
cellular heterogeneity, such as pancreas, liver,
kidney, and the brain. Lipids may be chemically
coupled to other molecules for the purpose of
targeting (Mackey et al 1988, supra). Targeted
peptides, e.g., hormones or neurotransmitters, and
proteins such as antibodies, or non-peptide molecules
could be coupled to liposomes chemically. [0149] Other
molecules are also useful for facilitating
transfection of a nucleic acid in vivo, such as a
cationic oligopeptide (e.g., WO95/21931), peptides
derived from DNA binding proteins (e.g., WO96/25508),
or a cationic polymer (e.g., WO95/21931).[0150] It is
also possible to introduce a vector in vivo as a naked
DNA plasmid (see U.S. Patents 5,693,622, 5,589,466 and
5,580,859). Receptor-mediated DNA delivery approaches
can also be used (Curiel et al, Hum. Gene Ther.
5:147-154 (1992); and Wu et al, J. Biol. Chem.
262:4429-4432 (1987)). [0151] The term "transfection"
refers to the uptake of exogenous or heterologous RNA
or DNA by a cell. A cell has been "transfected" by
exogenous or heterologous RNA or 



DNA when such RNA or DNA has been introduced inside
the cell. A cell has been "transformed" by exogenous
or heterologous RNA or DNA when the transfected RNA or
DNA effects a phenotypic change. The transforming RNA
or DNA can be integrated (covalently linked) into
chromosomal DNA making up the genome of the cell.
[0152] "Transformation" refers to the transfer of a
nucleic acid fragment into the genome of a host
organism, resulting in genetically stable inheritance.
Host organisms containing the transformed nucleic acid
fragments are referred to as "transgenic" or
"recombinant" or "transformed" organisms. [0153] In
addition, the recombinant vector comprising a
polynucleotide according to the invention may include
one or more origins for replication in the cellular
hosts in which their amplification or their expression
is sought, markers or selectable markers. [0154] The
term "selectable marker" refers to an identifying
factor, usually an antibiotic or chemical resistance
gene, that is able to be selected for based upon the
marker gene's effect, i.e., resistance to an
antibiotic, resistance to a herbicide, colorimetric
markers, enzymes, fluorescent markers, and the like,
wherein the effect is used to track the inheritance of
a nucleic acid of interest and/or to identify a cell
or organism that has inherited the nucleic acid of
interest. Examples of selectable marker genes known
and used in the art include: genes providing
resistance to ampicillin, streptomycin, gentamycin,
kanamycin, hygromycin, bialaphos herbicide,
sulfonamide, and the like; and genes that are used as
phenotypic markers, i.e., anthocyanin regulatory
genes, isopentanyl transferase gene, and the like.
[0155] The term "reporter gene" refers to a nucleic
acid encoding an identifying factor that is able to be
identified based upon the reporter gene's effect,
wherein the effect is used to track the inheritance of
a nucleic acid of interest, to identify a cell or
organism that has inherited the nucleic acid of
interest, and/or to measure gene expression induction
or transcription. Examples of reporter genes known and
used in the art include: luciferase(Luc), green
fluorescent protein (GFP), chloramphenicol
acetyltransferase (CAT), b- galactosidase (LacZ),
b-glucuronidase (Gus), and the like. Selectable marker
genes may also be considered reporter genes. [0156]
"Promoter and "promoter sequence" are used
interchangeably and refer to a DNA sequence capable of
controlling the expression of a coding sequence or
functional RNA. In general, a coding sequence is
located 3' to a promoter sequence. Promoters may be
derived in their entirety from a native gene, or be
composed of different elements derived from different
promoters found in nature, or even comprise synthetic
DNA segments. It is understood by those skilled in the
art that different promoters may direct the expression
of a gene in different tissues or cell types, or at
different stages of development, or in response to
different environmental or physiological conditions.
Promoters that cause a gene to be expressed in most
cell types at most times are commonly referred to as
"constitutive promoters." Promoters that cause a gene
to be expressed in a specific cell type are commonly
referred to as "cell-specific promoters" or
"tissue-specific promoters." Promoters that cause a
gene to be expressed at a specific stage of
development or cell differentiation are commonly
referred to as "developmentally-specific promoters" or
"cell differentiation-specific promoters." Promoters
that are induced and cause a gene to be expressed
following exposure or treatment of the cell with an
agent, biological molecule, chemical, ligand, light,
or the like that induces the promoter are commonly
referred to as "inducible promoters" or "regulatable
promoters." It is further recognized that since in
most cases the exact boundaries of regulatory
sequences have not been completely defined, DNA
fragments of different lengths may have identical
promoter activity. [0157] The promoter sequence is
typically bounded at its 3' terminus by the
transcription initiation site and extends upstream (5'
direction) to include the minimum number of bases or
elements necessary to initiate transcription at levels
detectable above background. Within the promoter
sequence will be found a transcription initiation site
(conveniently defined for example, by mapping with
nuclease Sl), as well as protein binding domains
(consensus sequences) responsible for the binding of
RNA polymerase. [0158] A coding sequence is "under the
control" of transcriptional and translational control
sequences in a cell when RNA polymerase transcribes
the coding sequence into mRNA, which is then trans-RNA
spliced (if the coding sequence contains introns) and
translated into the protein encoded by the coding
sequence.[0159] "Transcriptional and translational
control sequences" refer to DNA regulatory sequences,
such as promoters, enhancers, terminators, and the
like, that provide for the expression of a coding
sequence in a host cell hi eukaryotic cells,
polyadenylation signals are control sequences. [0160]
The term "response element" refers to one or more
cis-acting DNA elements which confer responsiveness on
a promoter mediated through interaction with the
DNAbinding domains of a transcription factor, e.g.,
the DNA binding domain of the first hybrid protein.
This DNA element may be either palindromic (perfect or
imperfect) in its sequence or composed of sequence
motifs or half sites separated by a variable number of
nucleotides. The half sites can be similar or
identical and arranged as either direct or inverted
repeats or as a single half site or multimers of
adjacent half sites in tandem. The response element
may comprise a minimal promoter isolated from
different organisms depending upon the nature of the
cell or organism into which the response element will
be incorporated. The DNA binding domain of the first
hybrid protein binds, in the presence or absence of a
ligand, to the DNA sequence of a response element to
initiate or suppress transcription of downstream
gene(s) under the regulation of this response element.
Examples of DNA sequences for response elements of the
natural ecdysone receptor include: RRGG/TTCANTGAC/ACYY
(SEQ ID NO: 16) (see Cherbas et. al, Genes Dev.
5:120-131(1991)); AGGTCAN(n)AGGTCA,where N(n) can be
one or more spacer nucleotides (SEQ ID NO: 17) (see
D'Avino et al, MoI. Cell. Endocrinol. 113:1-9 (1995));
and GGGTTGAATGAATTT (SEQ ID NO: 18) (see Antoniewski
et al, MoI. Cell Biol. 74:4465-4474 (1994)). [0161]
The term "operably linked" refers to the association
of nucleic acid sequences on a single nucleic acid
fragment so that the function of one is affected by
the other. For example, a promoter is operably linked
with a coding sequence when it is capable of affecting
the expression of that coding sequence (i.e., that the
coding sequence is under the transcriptional control
of the promoter). Coding sequences can be operably
linked to regulatory sequences in sense or antisense
orientation. [0162] The term "expression" as used
herein refers to the transcription and stable
accumulation of sense (mRNA) or antisense RNA derived
from a nucleic acid or polynucleotide. Expression may
also refer to translation of mRNA into a protein or
polypeptide.[0163] The terms "cassette," "expression
cassette" and "gene expression cassette" refer to a
segment of DNA that can be inserted into a nucleic
acid or polynucleotide at specific restriction sites
or by homologous recombination. The segment of DNA
comprises a polynucleotide that encodes a polypeptide
of interest, and the cassette and restriction sites
are designed to ensure insertion of the cassette in
the proper reading frame for transcription and
translation. "Transformation cassette" refers to a
specific vector comprising a polynucleotide that
encodes a polypeptide of interest and having elements
in addition to the polynucleotide that facilitate
transformation of a particular host cell. Cassettes,
expression cassettes, gene expression cassettes and
transformation cassettes of the invention may also
comprise elements that allow for enhanced expression
of a polynucleotide encoding a polypeptide of interest
in a host cell. These elements may include, but are
not limited to: a promoter, a minimal promoter, an
enhancer, a response element, a terminator sequence, a
polyadenylation sequence, and the like. [0164] For
purposes of this invention, the term "gene switch"
refers to the combination of a response element
associated with a promoter, and an EcR-based system
which in the presence of one or more ligands,
modulates the expression of a gene into which the
response element and promoter are incorporated. [0165]
The terms "modulate" and "modulates" mean to induce,
reduce or inhibit nucleic acid or gene expression,
resulting in the respective induction, reduction or
inhibition of protein or polypeptide production.
[0166] The plasmids or vectors according to the
invention may further comprise at least one promoter
suitable for driving expression of a gene in a host
cell. [0167] Enhancers that may be used in embodiments
of the invention include but are not limited to: an
SV40 enhancer, a cytomegalovirus (CMV) enhancer, an
elongation factor 1 (EFl) enhancer, yeast enhancers,
viral gene enhancers, and the like. [0168] Termination
control regions, i.e., terminator or polyadenylation
sequences, may also be derived from various genes
native to the preferred hosts. Optionally, a
termination site may be unnecessary, however, it is
most preferred if included hi one embodiment of the
invention, the termination control region may be
comprised or be derived from a synthetic sequence,
synthetic polyadenylation signal, an SV40 late
polyadenylation signal, an SV40 polyadenylation
signal, a bovine growth hormone (BGH) polyadenylation
signal, viral terminator sequences, or the like.[0169]
The terms "3' non-coding sequences" or "3'
untranslated region (UTR)" refer to DNA sequences
located downstream (3') of a coding sequence and may
comprise polyadenylation [poly(A)] recognition
sequences and other sequences encoding regulatory
signals capable of affecting mRNA processing or gene
expression. The polyadenylation signal is usually
characterized by affecting the addition of
polyadenylic acid tracts to the 3' end of the mRNA
precursor. [0170] "Regulatory region" refers to a
nucleic acid sequence that regulates the expression of
a second nucleic acid sequence. A regulatory region
may include sequences which are naturally responsible
for expressing a particular nucleic acid (a homologous
region) or may include sequences of a different origin
that are responsible for expressing different proteins
or even synthetic proteins (a heterologous region). In
particular, the sequences can be sequences of
prokaryotic, eukaryotic, or viral genes or derived
sequences that stimulate or repress transcription of a
gene in a specific or non-specific manner and in an
inducible or non-inducible manner. Regulatory regions
include origins of replication, RNA splice sites,
promoters, enhancers, transcriptional termination
sequences, and signal sequences which direct the
polypeptide into the secretory pathways of the target
cell. [0171] A regulatory region from a "heterologous
source" refers to a regulatory region that is not
naturally associated with the expressed nucleic acid.
Included among the heterologous regulatory regions are
regulatory regions from a different species,
regulatory regions from a different gene, hybrid
regulatory sequences, and regulatory sequences which
do not occur in nature, but which are designed by one
having ordinary skill in the art. [0172] "RNA
transcript" refers to the product resulting from RNA
polymerase-catalyzed transcription of a DNA sequence.
When the RNA transcript is a perfect complementary
copy of the DNA sequence, it is referred to as the
primary transcript or it may be a RNA sequence derived
from post-transcriptional processing of the primary
transcript and is referred to as the mature RNA.
"Messenger RNA (mRNA)" refers to the RNA that is
without introns and that can be translated into
protein by the cell. "cDNA" refers to a 



double-stranded DNA that is complementary to and
derived from mRNA. "Sense" RNA refers to RNA
transcript that includes the mRNA and so can be
translated into protein by the cell. "Antisense RNA"
refers to a RNA transcript that is complementary to
all or part of a target primary transcript or mRNA and
that blocks the expression of a target gene.The
complementarity of an antisense RNA may be with any
part of the specific gene transcript, i.e., at the 5'
non-coding sequence, 3' non-coding sequence, or the
coding sequence. "Functional RNA" refers to antisense
RNA, ribozyme RNA, or other RNA that is not translated
yet has an effect on cellular processes. [0173]
"Polypeptide," "peptide" and "protein" are used
interchangeably and refer to a polymeric compound
comprised of covalently linked amino acid residues.
Amino acids have the following general structure:
[0174] An "isolated polypeptide," "isolated peptide"
or "isolated protein" refers to a polypeptide or
protein that is substantially free of those compounds
that are normally associated therewith in its natural
state (e.g., other proteins or polypeptides, nucleic
acids, carbohydrates, lipids). "Isolated" is not meant
to exclude artificial or synthetic mixtures with other
compounds, or the presence of impurities which do not
interfere with biological activity, and which may be
present, for example, due to incomplete purification,
addition of stabilizers, or compounding into a
pharmaceutically acceptable preparation. [0175] A
"substitution mutant polypeptide" or a "substitution
mutant" will be understood to mean a mutant
polypeptide comprising a substitution of at least one
(1) wild-type or naturally occurring amino acid with a
different amino acid relative to the wild-type or
naturally occurring polypeptide. A substitution mutant
polypeptide may comprise only one (1) wild-type or
naturally occurring amino acid substitution and may be
referred to as a "point mutant" or a "single point
mutant" polypeptide. Alternatively, a substitution
mutant polypeptide may comprise a substitution of two
(2) or more wild-type or naturally occurring amino
acids with 2 or more amino acids relative to the
wild-type or naturally occurring polypeptide.
According to the invention, a Group H nuclear receptor
ligand binding domain polypeptide comprising a
substitution mutation comprises a substitution of at
least one (1) wild-type or naturally occurring amino
acid with a different amino acid relative to the
wild-type or naturally occurring Group H nuclear
receptor ligand binding domain polypeptide. [0176]
Wherein the substitution mutant polypeptide comprises
a substitution of two (2) or more wild-type or
naturally occurring amino acids, this substitution may
comprise eitheran equivalent number of wild-type or
naturally occurring amino acids deleted for the
substitution, i.e., 2 wild-type or naturally occurring
amino acids replaced with 2 non-wildtype or
non-naturally occurring amino acids, or a
non-equivalent number of wild-type amino acids deleted
for the substitution, i.e., 2 wild-type amino acids
replaced with 1 nonwild- type amino acid (a
substitution+deletion mutation), or 2 wild-type amino
acids replaced with 3 non-wild-type amino acids (a
substitution+insertion mutation). [0177] Substitution
mutants may be described using an abbreviated
nomenclature system to indicate the amino acid residue
and number replaced within the reference polypeptide
sequence and the new substituted amino acid residue.
For example, a substitution mutant in which the
twentieth (20th) amino acid residue of a polypeptide
is substituted may be abbreviated as "x20z", wherein
"x" is the amino acid to be replaced, "20" is the
amino acid residue position or number within the
polypeptide, and "z" is the new substituted amino
acid. Therefore, a substitution mutant abbreviated
interchangeably as "E20A" or "Glu20Ala" indicates that
the mutant comprises an alanine residue (commonly
abbreviated in the art as "A" or "Ala") in place of
the glutamic acid (commonly abbreviated in the art as
"E" or "GIu") at position 20 of the polypeptide.
[0178] A substitution mutation may be made by any
technique for mutagenesis known in the art, including
but not limited to, in vitro site-directed mutagenesis
(Hutchinson et al, J. Biol. Chem. 253:6551 (1978);
Zoller et al, DNA 3:479-488 (1984); Oliphant et al,
Gene 44:111 (1986); Hutchinson et al, Proc. Natl Acad.
Sci. USA 83:110 (1986)), use of TAB(r) linkers
(Pharmacia), restriction endonuclease
digestion/fragment deletion and substitution,
PCR-mediated/oligonucleotide-directed mutagenesis, and
the like. PCRbased techniques are preferred for
site-directed mutagenesis (see Higuchi, 1989, "Using
PCR to Engineer DNA", in PCR Technology: Principles
and Applications for DNA Amplification, H. Erlich,
ed., Stockton Press, Chapter 6, pp. 61-70). [0179]
"Fragment" of a polypeptide according to the invention
refers to a polypeptide whose amino acid sequence is
shorter than that of the reference polypeptide and
which comprises, over the entire portion with these
reference polypeptides, an identical amino acid
sequence. Such fragments may, where appropriate, be
included in a larger polypeptide of which they are a
part. Such fragments of a polypeptide according to the
invention may have a length of at least 2, 3, 4, 5, 6,
8, 10, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25, 26,
30, 35, 40, 45, 50, 100, 200, 240, or 300 amino
acids.[0180] A "variant" of a polypeptide or protein
refers to any analogue, fragment, derivative, or
mutant which is derived from a polypeptide or protein
and which retains at least one biological property of
the polypeptide or protein. Different variants of the
polypeptide or protein may exist in nature. These
variants may be allelic variations characterized by
differences in the nucleotide sequences of the
structural gene coding for the protein, or may involve
differential splicing or post-translational
modification. The skilled artisan can produce variants
having single or multiple amino acid substitutions,
deletions, additions, or replacements. These variants
may include, inter alia: (a) variants in which one or
more amino acid residues are substituted with
conservative or nonconservative amino acids, (b)
variants in which one or more amino acids are added to
the polypeptide or protein, (c) variants in which one
or more of the amino acids includes a substituent
group, and (d) variants in which the polypeptide or
protein is fused with another polypeptide such as
serum albumin. The techniques for obtaining these
variants, including genetic (suppressions, deletions,
mutations, etc.), chemical, and enzymatic techniques,
are known to persons having ordinary skill in the art.
A variant polypeptide preferably comprises at least
about 14 amino acids. [0181] The term "homology"
refers to the percent of identity between two
polynucleotide or two polypeptide moieties. The
correspondence between the sequence from one moiety to
another can be determined by techniques known to the
art. For example, homology can be determined by a
direct comparison of the sequence information between
two polypeptide molecules by aligning the sequence
information and using readily available computer
programs. Alternatively, homology can be determined by
hybridization of polynucleotides under conditions that
form stable duplexes between homologous regions,
followed by digestion with single-stranded-specific
nuclease(s) and size determination of the digested
fragments. [0182] As used herein, the term
"homologous" in all its grammatical forms and spelling
variations refers to the relationship between proteins
that possess a "common evolutionary origin," including
proteins from superfamilies (e.g., the immunoglobulin
superfamily) and homologous proteins from different
species (e.g., myosin light chain, etc.) (Reeck et al,
Cell 50:667 (1987)). Such proteins (and their encoding
genes) have sequence homology, as reflected by their
high degree of sequence similarity. However, in common
usage and in the present application, the term
"homologous," when modifiedwith an adverb such as
"highly," may refer to sequence similarity and not a
common evolutionary origin. [0183] Accordingly, the
term "sequence similarity" in all its grammatical
forms refers to the degree of identity or
correspondence between nucleic acid or amino acid
sequences of proteins that may or may not share a
common evolutionary origin (see Reeck et al., Cell
50:667 (1987)). In one embodiment, two DNA sequences
are "substantially homologous" or "substantially
similar" when at least about 50% (preferably at least
about 75%, and most preferably at least about 90 or
95%) of the nucleotides match over the defined length
of the DNA sequences. Sequences that are substantially
homologous can be identified by comparing the
sequences using standard software available in
sequence data banks, or in a Southern hybridization
experiment under, for example, stringent conditions as
defined for that particular system. Defining
appropriate hybridization conditions is within the
skill of the art (see e.g., Sambrook et ah, 1989,
supra.). [0184] As used herein, "substantially
similar" refers to nucleic acid fragments wherein
changes in one or more nucleotide bases results in
substitution of one or more amino acids, but do not
affect the functional properties of the protein
encoded by the DNA sequence. "Substantially similar"
also refers to nucleic acid fragments wherein changes
in one or more nucleotide bases do not affect the
ability of the nucleic acid fragment to mediate
alteration of gene expression by antisense or
co-suppression technology. "Substantially similar"
also refers to modifications of the nucleic acid
fragments of the present invention such as deletion or
insertion of one or more nucleotide bases that do not
substantially affect the functional properties of the
resulting transcript. It is therefore understood that
the invention encompasses more than the specific
exemplary sequences. Each of the proposed
modifications is well within the routine skill in the
art, as is determination of retention of biological
activity of the encoded products. [0185] Moreover, the
skilled artisan recognizes that substantially similar
sequences encompassed by this invention are also
defined by their ability to hybridize, under stringent
conditions (0.1X SSC, 0.1% SDS, 65C and washed with 2X
SSC, 0.1% SDS followed by 0.1X SSC, 0.1% SDS), with
the sequences exemplified herein. Substantially
similar nucleic acid fragments of the present
invention are those nucleic acid fragments whose DNA
sequences are at least 70% identical to the DNA
sequence of the nucleic acid fragments reported
herein. Nucleic acid fragments of the present
invention include thosenucleic acid fragments whose
DNA sequences are at least 80% identical to the DNA
sequence of the nucleic acid fragments reported
herein. Other nucleic acid fragments are at least 90%
identical to the DNA sequence of the nucleic acid
fragments reported herein. Other nucleic acid
fragments are at least 95% identical to the DNA
sequence of the nucleic acid fragments reported
herein. [0186] Two amino acid sequences are
"substantially homologous" or "substantially similar"
when greater than about 40% of the amino acids are
identical, or greater than 60% are similar
(functionally identical). Preferably, the similar or
homologous sequences are identified by alignment
using, for example, the GCG (Genetics Computer Group,
Program Manual for the GCG Package, Version 7,
Madison, Wisconsin) pileup program. [0187] The term
"corresponding to" is used herein to refer to similar
or homologous sequences, whether the exact position is
identical or different from the molecule to which the
similarity or homology is measured. A nucleic acid or
amino acid sequence alignment may include spaces.
Thus, the term "corresponding to" refers to the
sequence similarity, and not the numbering of the
amino acid residues or nucleotide bases. [0188] A
"substantial portion" of an amino acid or nucleotide
sequence comprises enough of the amino acid sequence
of a polypeptide or the nucleotide sequence of a gene
to putatively identify that polypeptide or gene,
either by manual evaluation of the sequence by one
skilled in the art, or by computer-automated sequence
comparison and identification using algorithms such as
BLAST (Basic Local Alignment Search Tool; Altschul et
al., J. MoI. Biol. 275:403-410 (1993)); see also 



www.ncbi.nlm.nih.gov/BLAST/). In general, a sequence
of ten or more contiguous amino acids or thirty or
more nucleotides is necessary in order to putatively
identify a polypeptide or nucleic acid sequence as
homologous to a known protein or gene. Moreover, with
respect to nucleotide sequences, gene specific
oligonucleotide probes comprising 20-30 contiguous
nucleotides may be used in sequence-dependent methods
of gene identification (e.g., Southern hybridization)
and isolation (e.g., in situ hybridization of
bacterial colonies or bacteriophage plaques) hi
addition, short oligonucleotides of 12-15 bases may be
used as amplification primers in PCR in order to
obtain a particular nucleic acid fragment comprising
the primers. Accordingly, a "substantial portion" of a
nucleotide sequence comprises enough of the sequence
to specifically identify and/or isolate a nucleic acid
fragment comprising the sequence.[0189] The term
"percent identity," as known in the art, is a
relationship between two or more polypeptide sequences
or two or more polynucleotide sequences, as determined
by comparing the sequences. In the art, "identity"
also means the degree of sequence relatedness between
polypeptide or polynucleotide sequences, as the case
may be, as determined by the match between strings of
such sequences. "Identity" and "similarity" can be
readily calculated by known methods, including but not
limited to those described in: Computational Molecular
Biology (Lesk, A. M., ed.) Oxford University Press,
New York (1988); Biocomputing: Informatics and Genome
Projects (Smith, D. W., ed.) Academic Press, New York
(1993); Computer Analysis of Sequence Data, Part I
(Griffin, A. M., and Griffin, H. G., eds.) Humana
Press, New Jersey (1994); Sequence Analysis in
Molecular Biology (von Heinje, G., ed.) Academic Press
(1987); and Sequence Analysis Primer (Gribskov, M. and
Devereux, J., eds.) Stockton Press, New York (1991).
Methods to determine identity are designed to give the
best match between the sequences tested. Methods to
determine identity and similarity are codified in
publicly available computer programs. Sequence
alignments and percent identity calculations may be
performed using the Megalign program of the LASERGENE
bioinformatics computing suite (DNASTAR Inc., Madison,
WI). Multiple alignment of the sequences may be
performed using the Clustal method of alignment
(Higgins et al, CABIOS. 5:151-153 (1989)) with the
default parameters (GAP PENALTY-10, GAP LENGTH
PENALTY=IO). Default parameters for pairwise
alignments using the Clustal method may be selected:
KTUPLE 1, GAP PENALTY=3, WIND0W=5 and DIAGONALS
SAVED=5. [0190] The term "sequence analysis software"
refers to any computer algorithm or software program
that is useful for the analysis of nucleotide or amino
acid sequences. "Sequence analysis software" may be
commercially available or independently developed.
Typical sequence analysis software will include but is
not limited to the GCG suite of programs (Wisconsin
Package Version 9.0, Genetics Computer Group (GCG),
Madison, WI), BLASTP, BLASTN, BLASTX (Altschul et al,
J. MoI. Biol. 275:403-410 (1990)), and DNASTAR
(DNASTAR, Inc. 1228 S. Park St. Madison, WI 53715
USA). Within the context of this application it will
be understood that where sequence analysis software is
used for analysis, that the results of the analysis
will be based on the "default values" of the program
referenced, unless otherwise specified. As used herein
"defaultvalues" will mean any set of values or
parameters which originally load with the software
when first initialized. [0191] "Chemically
synthesized," as related to a sequence of DNA, means
that the component nucleotides were assembled in
vitro. Manual chemical synthesis of DNA may be
accomplished using well-established procedures, or
automated chemical synthesis can be performed using
one of a number of commercially available machines.
Accordingly, the genes can be tailored for optimal
gene expression based on optimization of nucleotide
sequence to reflect the codon bias of the host cell.
The skilled artisan appreciates the likelihood of
successful gene expression if codon usage is biased
towards those codons favored by the host.
Determination of preferred codons can be based on a
survey of genes derived from the host cell where
sequence information is available. [0192] As used
herein, two or more individually operable gene
regulation systems are said to be "orthogonal" when;
a) modulation of each of the given systems by its
respective ligand, at a chosen concentration, results
in a measurable change in the magnitude of expression
of the gene of that system, and b) the change is
statistically significantly different than the change
in expression of all other systems simultaneously
operable in the cell, tissue, or organism, regardless
of the simultaneity or sequentially of the actual
modulation. Preferably, modulation of each
individually operable gene regulation system effects a
change in gene expression at least 2-fold greater than
all other operable systems in the cell, tissue, or
organism. More preferably, the change is at least
5-fold greater. Even more preferably, the change is at
least 10-fold greater. Still more preferably, the
change is at least 100 fold greater. Even still more
preferably, the change is at least 500-fold greater.
Ideally, modulation of each of the given systems by
its respective ligand at a chosen concentration
results in a measurable change in the magnitude of
expression of the gene of that system and no
measurable change in expression of all other systems
operable in the cell, tissue, or organism. In such
cases the multiple inducible gene regulation system is
said to be "fully orthogonal." The present invention
is useful to search for orthogonal ligands and
orthogonal receptor-based gene expression systems such
as those described in US 2002/0110861 Al, which is
incorporated herein by reference in its entirety.
[0193] The term "modulate" means the ability of a
given ligand/receptor complex to induce or suppress
the transactivation of an exogenous gene.[0194] The
term "exogenous gene" means a gene foreign to the
subject, that is, a gene which is introduced into the
subject through a transformation process, an unmutated
version of an endogenous mutated gene or a mutated
version of an endogenous unmutated gene. The method of
transformation is not critical to this invention and
may be any method suitable for the subject known to
those in the art. For example, transgenic plants are
obtained by regeneration from the transformed cells.
Numerous transformation procedures are known from the
literature such as agroinfection using Agrobacterium
tumefaciens or its Ti plasmid, electroporation,
microinjection of plant cells and protoplasts, and
microprojectile transformation. Complementary
techniques are known for transformation of animal
cells and regeneration of such transformed cells in
transgenic animals. Exogenous genes can be either
natural or synthetic genes and therapeutic genes which
are introduced into the subject in the form of DNA or
RNA which may function through a DNA intermediate such
as by reverse transcriptase. Such genes can be
introduced into target cells, directly introduced into
the subject, or indirectly introduced by the transfer
of transformed cells, e.g. autologous cells, into the
subject. The term "therapeutic gene" means a gene
which imparts a beneficial function to the host cell
in which such gene is expressed. [0195] The term
"ecdysone receptor complex" generally refers to a
heterodimeric protein complex consisting of two
members of the steroid receptor family, ecdysone
receptor ("EcR") and ultraspiracle ("USP") proteins
(see Yao et al, Nature 366:416-479 (1993)); Yao et
al., Cell 77:63-72 (1992)). The functional ecdysteroid
receptor complex may also include additional
protein(s) such as immunophilins. Additional members
of the steroid receptor family of proteins, known as
transcriptional factors (such as DHR38, betaFTZ-1 or
other insect homologs), may also be ligand dependent
or independent partners for EcR and/or USP. The
ecdysone receptor complex can also be a heterodimer of
ecdysone receptor protein and the vertebrate homolog
of ultraspiracle protein, retinoic acid-Xreceptor
("RXR") protein. Homodimer complexes of the ecdysone
receptor protein or USP may also be functional under
some circumstances. [0196] An ecdysteroid receptor
complex can be activated by an active ecdysteroid or
non steroidal ligand bound to one of the proteins of
the complex, inclusive of EcR, but not excluding other
proteins of the complex.[0197] The ecdysone receptor
complex includes proteins which are members of the
steroid receptor superfamily wherein all members are
characterized by the presence of an amino-terminal
transactivation domain, a DNA binding domain ("DBD"),
and a ligand binding domain ("LBD") separated by a
hinge region. Some members of the family may also have
another transactivation domain on the carboxy-terminal
side of the LBD. The DBD is characterized by the
presence of two cysteine zinc fingers between which
are two amino acid motifs, the P-box and the D-box,
which confer specificity for ecdysone response
elements. These domains may be either native,
modified, or chimeras of different domains of
heterologous receptor proteins. [0198] The DNA
sequences making up the exogenous gene, the response
element, and the ecdysone receptor complex may be
incorporated into archaebacteria, procaryotic cells
such as Escherichia coli, Bacillus subtilis, or other
enterobacteria, or eucaryotic cells such as plant or
animal cells. However, because many of the proteins
expressed by the gene are processed incorrectly in
bacteria, eucaryotic cells are preferred. The cells
may be in the form of single cells or multicellular
organisms. The nucleotide sequences for the exogenous
gene, the response element, and the receptor complex
can also be incorporated as RNA molecules, preferably
in the form of functional viral RNAs such as tobacco
mosaic virus. Of the eucaryotic cells, vertebrate
cells are preferred because they naturally lack the
molecules which confer responses to the ligands of
this invention for the ecdysone receptor. As a result,
they are "substantially insensitive" to the ligands of
this invention. Thus, the ligands of this invention
will have negligible physiological or other effects on
transformed cells, or the whole organism. Therefore,
cells can grow and express the desired product,
substantially unaffected by the presence of the ligand
itself. [0199] The term "subject" means an intact
insect, plant or animal or a cell from an insect,
plant or animal. It is also anticipated that the
ligands will work equally well when the subject is a
fungus or yeast. When the subject is an intact animal,
preferably the animal is a vertebrate, most preferably
a mammal. [0200] The diacylhydrazine ligands of
Formula I and chiral diacylhydrazine ligands of
Formula II or III of the present invention, when used
with the ecdysone receptor complex which in turn is
bound to the response element linked to an exogenous
gene, provide the means for external temporal
regulation of expression of the exogenous gene. The
order in which the various components bind to each
other, that is, ligand to receptor complex andreceptor
complex to response element, is not critical.
Typically, modulation of expression of the exogenous
gene is in response to the binding of the ecdysone
receptor complex to a specific control, or regulatory,
DNA element. The ecdysone receptor protein, like other
members of the steroid receptor family, possesses at
least three domains, a transactivation domain, a DNA
binding domain, and a ligand binding domain. This
receptor, like a subset of the steroid receptor
family, also possesses less well-defined regions
responsible for heterodimerization properties. Binding
of the ligand to the ligand binding domain of ecdysone
receptor protein, after heterodimerization with USP or
RXR protein, enables the DNA binding domains of the
heterodimeric proteins to bind to the response element
in an activated form, thus resulting in expression or
suppression of the exogenous gene. This mechanism does
not exclude the potential for ligand binding to either
EcR or USP, and the resulting formation of active
homodimer complexes {e.g. EcR+EcR or USP+USP).
Preferably, one or more of the receptor domains can be
varied 



producing a chimeric gene switch. Typically, one or
more of the three domains may be chosen from a source
different than the source of the other domains so that
the chimeric receptor is optimized in the chosen host
cell or organism for transactivating activity,
complementary binding of the ligand, and recognition
of a specific response element hi addition, the
response element itself can be modified or substituted
with response elements for other DNA binding protein
domains such as the GAL-4 protein from yeast (see
Sadowski et al., Nature 335:563-564 (1988) or LexA
protein from E. coli (see Brent et al, Cell 43:729-736
(1985)) to accommodate chimeric ecdysone receptor
complexes. Another advantage of chimeric systems is
that they allow choice of a promoter used to drive the
exogenous gene according to a desired end result. Such
double control can be particularly important in areas
of gene therapy, especially when cytotoxic proteins
are produced, because both the timing of expression as
well as the cells wherein expression occurs can be
controlled. When exogenous genes, operatively linked
to a suitable promoter, are introduced into the cells
of the subject, expression of the exogenous genes is
controlled by the presence of the ligand of this
invention. Promoters may be constitutively or
inducibly regulated or may be tissue-specific (that
is, expressed only in a particular type of cell) or
specific to certain developmental stages of the
organism. Numerous genomic and cDNA nucleic acid
sequences coding for a variety of polypeptides are
well known in the art. Exogenous genetic material
useful with theligands of this invention include genes
that encode biologically active proteins of interest,
such as, for example, secretory proteins that can be
released from a cell; enzymes that can metabolize a
substrate from a toxic substance to a non-toxic
substance, or from an inactive substance to an active
substance; regulatory proteins; cell surface
receptors; and the like. Useful genes also include
genes that encode blood clotting factors, hormones
such as insulin, parathyroid hormone, luteinizing
hormone releasing factor, alpha and beta seminal
inhibins, and human growth hormone; genes that encode
proteins such as enzymes, the absence of which leads
to the occurrence of an abnormal state; genes encoding
cytokines or lymphokines such as interferons,
granulocytic macrophage colony stimulating factor,
colony stimulating factor- 1, tumor necrosis factor,
and erythropoietin; genes encoding inhibitor
substances such as alphai -antitrypsin, genes encoding
substances that function as drugs such as diphtheria
and cholera toxins; and the like. Useful genes also
include those useful for cancer therapies and to treat
genetic disorders. Those skilled in the art have
access to nucleic acid sequence information for
virtually all known genes and can either obtain the
nucleic acid molecule directly from a public
depository, the institution that published the
sequence, or employ routine methods to prepare the
molecule. [0202] hi one embodiment, the exogenous gene
is the hIL-12 gene under control of the RheoSwitch(tm)
Therapeutic System (RTS), transfected ex vivo with an
adenovirus into autologous dendritic cells. [0203] For
gene therapy use, the ligands described herein may be
administered alone or as part of a pharmaceutical
composition comprising a pharmaceutically acceptable
carrier. In one embodiment, the pharmacetical
compoistion are in the form of solutions, suspensions,
tablets, capsules, ointments, elixirs, or injectable
compositions. [0204] Pharmaceutically acceptable
carriers include fillers such as saccharides, for
example lactose or sucrose, mannitol or sorbitol,
cellulose preparations and/or calcium phosphates, for
example tricalcium phosphate or calcium hydrogen
phosphate, as well as binders such as starch paste,
using, for example, maize starch, wheat starch, rice
starch, potato starch, gelatin, tragacanth, methyl
cellulose, hydroxypropylmethylcellulose, sodium
carboxymethylcellulose, and/or polyvinyl pyrrolidone.
If desired, disintegrating agents may be added such as
the above-mentioned starches and also
carboxymethylstarch, cross-linked polyvinyl
pyrrolidone, agar, or alginic acid or a salt thereof,
such assodium alginate. Auxiliaries are
flow-regulating agents and lubricants, for example,
silica, talc, stearic acid or salts thereof, such as
magnesium stearate or calcium stearate, and/or
polyethylene glycol. In one embodiment, dragee cores
are provided with suitable coatings which, if desired,
are resistant to gastric juices. For this purpose,
concentrated saccharide solutions may be used, which
may optionally contain gum arabic, talc, polyvinyl
pyrrolidone, polyethylene glycol and/or titanium
dioxide, lacquer solutions and suitable organic
solvents or solvent mixtures. In order to produce
coatings resistant to gastric juices, solutions of
suitable cellulose preparations such as
acetylcellulose phthalate or
hydroxypropylmethyl-cellulose phthalate, are used. Dye
stuffs or pigments may be added to the tablets or
dragee coatings, for example, for identification or in
order to characterize combinations of active compound
doses. [0205] Other pharmaceutical preparations which
can be used orally include push-fit capsules made of
gelatin, as well as soft, sealed capsules made of
gelatin and a plasticizer such as glycerol or
sorbitol. The push-fit capsules can contain the active
compounds in the form of granules or nanoparticles
which may optionally be mixed with fillers such as
lactose, binders such as starches, and/or lubricants
such as talc or magnesium stearate and, optionally,
stabilizers. In one embodiment, the is dissolved or
suspended in suitable liquids, such as fatty oils, or
liquid paraffin, optionally with stabilizers. [0206]
Fattty oils may comprise mono-, di- or triglycerides.
Mono-, di- and triglycerides include those that are
derived from C6, C8, C1O, Ci2, Ci4, Ci6, Ci8, C20 and
C22 acids. Exemplary diglycerides include, in
particular, diolein, dipahnitolein, and mixed
caprylincaprin diglycerides. Preferred triglycerides
include vegetable oils, fish oils, animal fats,
hydrogenated vegetable oils, partially hydrogenated
vegetable oils, synthetic triglycerides, modified
triglycerides, fractionated triglycerides, medium and
long-chain triglycerides, structured triglycerides,
and mixtures thereof. Exemplary triglycerides include:
almond oil; babassu oil; borage oil; blackcurrant seed
oil; canola oil; castor oil; coconut oil; corn oil;
cottonseed oil; evening primrose oil; grapeseed oil;
groundnut oil; mustard seed oil; olive oil; palm oil;
palm kernel oil; peanut oil; rapeseed oil; safflower
oil; sesame oil; shark liver oil; soybean oil;
sunflower oil; hydrogenated castor oil; hydrogenated
coconut oil; hydrogenated palm oil; hydrogenated
soybean oil; hydrogenated vegetable oil; hydrogenated
cottonseed and castor oil; partially hydrogenated
soybean oil; partially soy and cottonseed oil;
glyceryl tricaproate; glyceryltricaprylate; glyceryl
tricaprate; glyceryl triundecanoate; glyceryl
trilaurate; glyceryl trioleate; glyceryl trilinoleate;
glyceryl trilinolenate; glyceryl tricaprylate/caprate;
glyceryl tricaprylate/caprate/laurate; glyceryl
tricaprylate/caprate/linoleate; and glyceryl
tricaprylate/caprate/stearate. [0207] In one
embodiment, the triglyceride is the medium chain
triglyceride available under the trade name LABRAFAC
CC. Other triglycerides include neutral oils, e.g.,
neutral plant oils, in particular fractionated coconut
oils such as known and commercially available under
the trade name MIGLYOL, including the products:
MIGLYOL 810; MIGLYOL 812; MIGLYOL 818; and CAPTEX 355.
Other triglycerides are capryliccapric acid
triglycerides such as known and commercially available
under the trade name MYRITOL, including the product
MYRITOL 813. Further triglycerides of this class are
CAPMUL MCT, CAPTEX 200, CAPTEX 300, CAPTEX 800, NEOBEE
M5 and MAZOL 1400. [0208] Pharmaceutical compositions
comprising triglycerides may further comprise
lipophilic and/or hydrophilic surfactants which may
form clear solutions upon dissolution with an aqueous
solvent. One such surfactant is tocopheryl
polyethylene glycol 1000 succinate (vitamin E TPGS).
Examples of such compositions are described in U.S.
Pat. 6,267,985. [0209] hi another embodiment, the
pharmaceutically acceptable carrier comprises LABRASOL
(Gattefosse SA), which is PEG-8 caprylic/capric
glycerides. In another embodiment, the
pharmaceutically acceptable carrier comprises PL90G,
vitamin E TPGS, and Miglyol 812N. The components of
such a formulation are shown in Table 1. Table 1[0210]
Possible pharmaceutical preparations which can be used
rectally include, for example, suppositories, which
consist of a combination of one or more of the ligands
with a suppository base. Suitable suppository bases
are, for example, natural or synthetic triglycerides,
or paraffin hydrocarbons. In addition, it is also
possible to use gelatin rectal capsules which consist
of a combination of the ligand with a base. Possible
base materials include, for example, liquid
triglycerides, polyethylene glycols, or paraffin
hydrocarbons. [0211] Suitable formulations for
parenteral administration include aqueous solutions of
the ligand in water-soluble form, for example,
water-soluble salts and alkaline solutions. In
addition, suspensions of the ligand as appropriate
oily injection suspensions may be administered.
Suitable lipophilic solvents or vehicles include fatty
oils, for example, sesame oil, or synthetic fatty acid
esters, for example, ethyl oleate or triglycerides or
polyethylene glycol-400. Aqueous injection suspensions
may contain substances which increase the viscosity of
the suspension include, for example, sodium
carboxymethyl cellulose, sorbitol, and/or dextran.
Optionally, the suspension may also contain
stabilizers. [0212] The topical compositions may be
formulated as oils, creams, lotions, ointments and the
like by choice of appropriate carriers. Suitable
carriers include vegetable or mineral oils, white
petrolatum (white soft paraffin), branched chain fats
or oils, animal fats and high molecular weight alcohol
(greater than C12) . Emulsifiers, stabilizers,
humectants and antioxidants may also be included as
well as agents imparting color or fragrance, if
desired. Additionally, transdermal penetration
enhancers can be employed in these topical
formulations. Examples of such enhancers can be found
in U.S. Pat. Nos. 3,989,816 and 4,444,762. [0213]
Creams may be formulated from a mixture of mineral
oil, self-emulsifying beeswax and water in which
ligand, dissolved in a small amount of an oil such as
almondoil, is admixed. A typical example of such a
cream is one which includes about 40 parts water,
about 20 parts beeswax, about 40 parts mineral oil and
about 1 part almond oil. [0214] Ointments may be
formulated by mixing a suspension of the ligand in a
vegetable oil such as almond oil with warm soft
paraffin and allowing the mixture to cool. A typical
example of such an ointment is one which includes
about 30% almond oil and about 70% white soft paraffin
by weight. [0215] Lotions may be conveniently prepared
by preparing a suspension of the ligand in a suitable
high molecular weight alcohol such as propylene glycol
or polyethylene glycol. [0216] Examples of
antioxidants which may be added to the pharmaceutical
compositions include BHA and BHT. [0217] i one
embodiment, the pharmaceutical composition comprises
30 mg ligand per mL LABRASOL in a solid gelatin
capsule. In another embodiment, the capsule contains
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100 mg
ligand. [0218] Pharmaceutical compositions may contain
from 0.01 % to 99% by weight of the ligand.
Compositions may be either in single or multiple dose
forms. The amount of ligand in any particular
pharmaceutical composition will depend upon the
effective dose, that is, the dose required to elicit
the desired gene expression or suppression. In one
embodiment, 0.1 to 7.5 mg/kg is administered to the
subject. In another embodiment, 0.1 



to 3 mg/kg is administered to the subj ect hi another
embodiment, 0.1 to 3 mg/kg is administered. [0219]
Suitable routes of administering the pharmaceutical
compositions include oral, rectal, topical (including
dermal, buccal and sublingual), vaginal, parenteral
(including subcutaneous, intramuscular, intravenous,
intradermal, intrathecal, intra-tumoral and epidural)
and by naso-gastric tube. It will be understood by
those skilled in the art that the preferred route of
administration will depend upon the condition being
treated and may vary with factors such as the
condition of the recipient. The pharmaceutical
compositions may be administered one or more times
daily hi one embodiment, the pharmaceutical
composition is administered daily beginning 24 hours
prior to the administration of cells containin the
ecdysone receptor complex and DNA binding sequence.The
diacylhydrazine ligands of Formula I and chiral
diacylhydrazine ligands of Formula II or III of the
present invention described herein may also be
administered in conjunction with other
pharmaceutically active compounds. It will be
understood by those skilled in the art that
pharmaceutically active compounds to be used in
combination with the ligands described herein will be
selected in order to avoid adverse effects on the
recipient or undesirable interactions between the
compounds. Examples of other pharmaceutically active
compounds which may be used in combination with the
ligands include, for example, AIDS chemotherapeutic
agents, amino acid derivatives, analgesics,
anesthetics, anorectal products, antacids and
antiflatulents, antibiotics, anticoagulants,
antidotes, antifibrinolytic agents, antihistamines,
anti-inflamatory agents, antineoplastics,
antiparasitics, antiprotozoals, antipyretics,
antiseptics, antispasmodics and anticholinergics,
antivirals, appetite suppressants, arthritis
medications, biological response modifiers, bone
metabolism regulators, bowel evacuants, cardiovascular
agents, central nervous system stimulants, cerebral
metabolic enhancers, cerumenolytics, cholinesterase
inhibitors, cold and cough preparations, colony
stimulating factors, contraceptives, cytoprotective
agents, dental preparations, deodorants,
dermatologicals, detoxifying agents, diabetes agents,
diagnostics, diarrhea medications, dopamine receptor
agonists, electrolytes, enzymes and digestants, ergot
preparations, fertility agents, fiber supplements,
antifungal agents, galactorrhea inhibitors, gastric
acid secretion inhibitors, gastrointestinal prokinetic
agents, gonadotropin inhibitors, hair growth
stimulants, hematinics, hemorrheologic agents,
hemostatics, histamine H2 receptor antagonists,
hormones, hyperglycemic agents, hypolipidemics,
immunosuppressants, laxatives, leprostatics,
leukapheresis adjuncts, lung surfactants, migraine
preparations, mucolytics, muscle relaxant antagonists,
muscle relaxants, narcotic antagonists, nasal sprays,
nausea medications nucleoside analogues, nutritional
supplements, osteoporosis preparations, oxytocics,
parasympatholytics, parasympathomimetics, Parkinsonism
drugs, Penicillin adjuvants, phospholipids, platelet
inhibitors, porphyria agents, prostaglandin analogues,
prostaglandins, proton pump inhibitors, pruritus
medications psychotropics, quinolones, respiratory
stimulants, saliva stimulants, salt substitutes,
sclerosing agents, skin wound preparations, smoking
cessation aids, sulfonamides, sympatholytics,
thrombolytics, Tourette's syndrome agents, tremor
preparations, tuberculosis preparations, uricosuric
agents, urinary tract agents, uterine contractants,
uterine relaxants, vaginal preparations,vertigo
agents, vitamin D analogs, vitamins, and medical
imaging contrast media. In some cases the ligands may
be useful as an adjunct to drug therapy, for example,
to "turn off' a gene that produces an enzyme that
metabolizes a particular drug. [0221] For agricultural
applications, in addition to the applications
described above, the ligands of this invention may
also be used to control the expression of pesticidal
proteins such as Bacillus thuringiensis (Bt) toxin.
Such expression may be tissue or plant specific. In
addition, particularly when control of plant pests is
also needed, one or more pesticides may be combined
with the ligands described herein, thereby providing
additional advantages and effectiveness, including
fewer total applications, than if the pesticides are
applied separately. When mixtures with pesticides are
employed, the relative proportions of each component
in the composition will depend upon the relative
efficacy and the desired application rate of each
pesticide with respect to the crops, pests, and/or
weeds to be treated. Those skilled in the art will
recognize that mixtures of pesticides may provide
advantages such as a broader spectrum of activity than
one pesticide used alone. Examples of pesticides which
can be combined in compositions with the ligands
described herein include fungicides, herbicides,
insecticides, miticides, and microbicides. [0222] The
diacylhydrazine ligands of Formula I and chiral
diacylhydrazine ligands of Formula II or III of the
present invention described herein can be applied to
plant foliage as aqueous sprays by methods commonly
employed, such as conventional high-liter hydraulic
sprays, low-liter sprays, air-blast, and aerial
sprays. The dilution and rate of application will
depend upon the type of equipment employed, the method
and frequency of application desired, and the ligand
application rate. It may be desirable to include
additional adjuvants in the spray tank. Such adjuvants
include surfactants, dispersants, spreaders, stickers,
antifoam agents, emulsifiers, and other similar
materials described in McCutcheon's Emulsifiers and
Detergents, McCutcheon's Emulsifiers and
Detergents/Functional Materials, and McCutcheon 's
Functional Materials, all published annually by
McCutcheon Division of MC Publishing Company (New
Jersey). These ligands can also be mixed with
fertilizers or fertilizing materials before their
application. These ligands and solid fertilizing
material can also be admixed in mixing or blending
equipment, or they can be incorporated with
fertilizers in granular formulations. Any relative
proportion of fertilizer can be used which is suitable
for the crops and weeds to be treated. The ligands
described herein will commonly comprise from 5% to 50%
of thefertilizing composition. These compositions
provide fertilizing materials which promote the rapid
growth of desired plants, and at the same time control
gene expression. HOST CELLS AND NON-HUMAN ORGANISMS
[0223] As described above, diacylhydrazine ligands of
Formula I and chiral diacylhydrazine ligands of
Formula II or III may be used to modulate gene
expression in a host cell. Expression in transgenic
host cells may be useful for the expression of various
genes of interest. The present invention provides
ligands for modulation of gene expression in
prokaryotic and eukaryotic host cells. [0224]
Expression in transgenic host cells is useful for the
expression of various polypeptides of interest
including, but not limited to, antigens produced in
plants as vaccines; enzymes like alpha-amylase,
phytase, glucanes, and xylanase; genes for resistance
against insects, nematodes, fungi, bacteria, viruses,
and abiotic stresses in plants; antigens;
nutraceuticals; pharmaceuticals; vitamins; genes for
modifying amino acid content, herbicide resistance,
cold, drought, and heat tolerance; industrial
products; oils, protein, carbohydrates; antioxidants;
male sterile plants; flowers; fuels; other output
traits; therapeutic polypeptides or products that may
be used to treat a condition, a disease, a disorder, a
dysfunction, or a genetic defect, such as monoclonal
antibodies, enzymes, proteases, cytokines,
interferons, insulin, erythropoietin, clotting
factors, other blood factors or components; viral
vectors for gene therapy; virus for vaccines; targets
for drug discovery, functional genomics, and
proteomics analyses and applications: pathway
intermediatesfor the modulation of pathways already
existing in the host; pathway intermediates for the
synthesis of new products heretofore not possible
using the host; cell based assays; functional genomics
assays; proteomics assays, and the like. Additionally
the gene products may be useful for conferring higher
growth yields of the host or for enabling an
alternative growth mode to be utilized. [0225] Thus,
the present invention provides diacylhydrazine ligands
of Formula I and chiral diacylhydrazine ligands of
Formula II or III for modulating gene expression in an
isolated host cell. In one embodiment, the isolated
host cell is a prokaryotic host cell or a eukaryotic
host cell. In another embodiment, the isolated host
cell is an invertebrate host cell or a vertebrate host
cell. Preferably, the host cell is selected from the
group consisting of a bacterial cell, a fungal cell, a
yeast cell, a nematode cell, an insect cell, a fish
cell, a plant cell, an avian cell, an animal cell, and
a mammalian cell. Morepreferably, the host cell is a
yeast cell, a nematode cell, an insect cell, a plant
cell, a zebrafish cell, a chicken cell, a hamster
cell, a mouse cell, a rat cell, a rabbit cell, a cat
cell, a dog cell, a bovine cell, a goat cell, a cow
cell, a pig cell, a horse cell, a sheep cell, a simian
cell, a monkey cell, a chimpanzee cell, or a human
cell. Examples of host cells include, but are not
limited to, fungal or yeast species such as
Aspergillus, Trichoderma, Saccharomyces, Pichia,
Candida, Hansenula, or bacterial species such as those
in the genera Synechocystis, Synechococcus,
Salmonella, Bacillus, Acinetobacter, Rhodococcus,
Streptomyces, Escherichia, Pseudomonas, Methylomonas,
Methylobacter, Alcaligenes, Anabaena, Thiobacillus,
Methanobacterium and Klebsiella; plant species
selected from the group consisting of apple,
Arabidopsis, bajra, banana, barley, beans, beet,
blackgram, chickpea, chili, cucumber, eggplant,
favabean, maize, melon, millet, mungbean, oat, okra,
Panicum, papaya, peanut, pea, pepper, pigeonpea,
pineapple, Phaseolus, potato, pumpkin, rice, sorghum,
soybean, squash, sugarcane, sugarbeet, sunflower,
sweet potato, tea, tomato, tobacco, watermelon, and
wheat; animal; and mammalian host cells. [0226] hi
another embodiment, the host cell is a yeast cell
selected from the group consisting of a Saccharomyces,
a Pichia, and a Candida host cell. [0227] hi another
embodiment, the host cell is a Caenorhabditis elegans
nematode cell. [0228] hi another embodiment, the host
cell is an insect cell. [0229] hi another embodiment,
the host cell is a plant cell selected from the group
consisting of an apple, Arabidopsis, bajra, banana,
barley, beans, beet, blackgrum, chickpea, chili,
cucumber, eggplant, favabean, maize, melon, millet,
mungbean, oat, okra, Panicum, papaya, peanut, pea,
pepper, pigeonpea, pineapple, Phaseolus, potato,
pumpkin, rice, sorghum, soybean, squash, sugarcane,
sugarbeet, sunflower, sweet potato, tea, tomato,
tobacco, watermelon, and wheat cell. [0230] hi another
embodiment, the host cell is a zebrafish cell. [0231]
hi another embodiment, the host cell is a chicken
cell. [0232] hi another embodiment, the host cell is a
mammalian cell selected from the group consisting of a
hamster cell, a mouse cell, a rat cell, a rabbit cell,
a cat cell, a dog cell, a bovine cell, a goat cell, a
cow cell, a pig cell, a horse cell, a sheep cell, a
monkey cell, a chimpanzee cell, and a human cell.
[0233] Host cell transformation is well known in the
art and may be achieved by a variety of methods
including but not limited to electroporation, viral
infection, plasmid/vectortransfection, non-viral
vector mediated transfection, Agrobacterium-med ated
transformation, particle bombardment, and the like.
Expression of desired gene products involves culturing
the transformed host cells under suitable conditions
and inducing expression of the transformed gene.
Culture conditions and gene expression protocols in
prokaryotic and eukaryotic cells are well known in the
art. Cells may be harvested and the gene products
isolated according to protocols specific for the gene
product. [0234] hi addition, a host cell may be chosen
which modulates the expression of the inserted
polynucleotide, or modifies and processes the
polypeptide product in the specific fashion desired.
Different host cells have characteristic and specific
mechanisms for the translational and
post-translational processing and modification (e.g.,
glycosylation, cleavage (e.g., of signal sequence)) of
proteins. Appropriate cell lines or host systems can 



be chosen to ensure the desired modification and
processing of the foreign protein expressed. For
example, expression in a bacterial system can be used
to produce a nonglycosylated core protein product.
However, a polypeptide expressed in bacteria may not
be properly folded. Expression in yeast can produce a
glycosylated product. Expression in eukaryotic cells
can increase the likelihood of "native" glycosylation
and folding of a heterologous protein. Moreover,
expression in mammalian cells can provide a tool for
reconstituting, or constituting, the polypeptide's
activity. Furthermore, different vector/host
expression systems may affect processing reactions,
such as proteolytic cleavages, to a different extent.
The diacylhydrazine ligands of Formula I and chiral
diacylhydrazine ligands of Formula II or III of the
present invention may be used in a non-human organism
comprising an isolated host cell. In one embodiment,
the nonhuman organism is a prokaryotic organism or a
eukaryotic organism. In another embodiment, the
non-human organism is an invertebrate organism or a
vertebrate organism. [0235] Preferably, the non-human
organism is selected from the group consisting of a
bacterium, a fungus, a yeast, a nematode, an insect, a
fish, a plant, a bird, an animal, and a mammal. More
preferably, the non-human organism is a yeast, a
nematode, an insect, a plant, a zebrafish, a chicken,
a hamster, a mouse, a rat, a rabbit, a cat, a dog, a
bovine, a goat, a cow, a pig, a horse, a sheep, a
simian, a monkey, or a chimpanzee. [0236] In another
embodiment, the non-human organism is a yeast selected
from the group consisting of Saccharomyces, Pichia,
and Candida.[0237] In another embodiment, the
non-human organism is a Caenorhabditis elegans
nematode. [0238] In another embodiment, the non-human
organism is a plant selected from the group consisting
of apple, Arabidopsis, bajra, banana, barley, beans,
beet, blackgum, chickpea, chili, cucumber, eggplant,
favabean, maize, melon, millet, mungbean, oat, okra,
Panicum, papaya, peanut, pea, pepper, pigeonpea,
pineapple, Phaseolus, potato, pumpkin, rice, sorghum,
soybean, squash, sugarcane, sugarbeet, sunflower,
sweet potato, tea, tomato, tobacco, watermelon, and
wheat. [0239] hi another embodiment, the non-human
organism is a Mus musculus mouse. GENE EXPRESSION
MODULATION SYSTEMS [0240] The present invention
pertains to diacylhydrazine ligands of Formula I and
chiral diacylhydrazine ligands of Formula II or III
that are useful in an ecdysone receptor-based
inducible gene expression system. These
diacylhydrazine ligands provide an improved inducible
gene expression system in both prokaryotic and
eukaryotic host cells. Thus, the present invention
pertains to diacylhydrazine ligands of Formula I and
chiral diacylhydrazine ligands of Formula II or III
that are useful to modulate expression of genes hi
particular, the present invention pertains to
diacylhydrazine ligands of Formula I and chiral
diacylhydrazine ligands of Formula II or III having
the ability to transactivate a gene expression
modulation system comprising at least one gene
expression cassette that is capable of being expressed
in a host cell comprising a polynucleotide that
encodes a polypeptide comprising a Group H nuclear
receptor ligand binding domain hi one embodiment, the
Group H nuclear receptor ligand binding is from an
ecdysone receptor, a ubiquitous receptor, an orphan
receptor 1, a NER-I, a steroid hormone nuclear
receptor 1, a retinoid X receptor interacting
protein-15, a liver X receptor b, a steroid hormone
receptor like protein, a liver X receptor, a liver X
receptor a, a farnesoid X receptor, a receptor
interacting protein 14, or a farnesol receptor. In
another embodiment, the Group H nuclear receptor
ligand binding domain is from an ecdysone receptor.
[0241] hi another embodiment, the gene expression
modulation system comprises a gene expression cassette
comprising a polynucleotide that encodes a polypeptide
comprising a transactivation domain, a DNA-binding
domain that recognizes a response element associated
with a gene whose expression is to be modulated; and a
Group H nuclear receptor ligand binding domain
comprising a substitution mutation. The gene
expressionmodulation system may further comprise a
second gene expression cassette comprising: i) a
response element recognized by the DNA-binding domain
of the encoded polypeptide of the first gene
expression cassette; ii) a promoter that is activated
by the transactivation domain of the encoded
polypeptide of the first gene expression cassette; and
iii) a gene whose expression is to be modulated.
[0242] In another embodiment, the gene expression
modulation system comprises a gene expression cassette
comprising a) a polynucleotide that encodes a
polypeptide comprising a transactivation domain, a
DNA-binding domain that recognizes a response element
associated with a gene whose expression is to be
modulated; and a Group H nuclear receptor ligand
binding domain comprising a substitution mutation, and
b) a second nuclear receptor ligand binding domain
selected from the group consisting of a vertebrate
retinoid X receptor ligand binding domain, an
invertebrate retinoid X receptor ligand binding
domain, an ultraspiracle protein ligand binding
domain, and a chimeric ligand binding domain
comprising two polypeptide fragments, wherein the
first polypeptide fragment is from a vertebrate
retinoid X receptor ligand binding domain, an
invertebrate retinoid X receptor ligand binding
domain, or an ultraspiracle protein ligand binding
domain, and the second polypeptide fragment is from a
different vertebrate retinoid X receptor ligand
binding domain, invertebrate retinoid X receptor
ligand binding domain, or ultraspiracle protein ligand
binding domain. The gene expression modulation system
may further comprise a second gene expression cassette
comprising: i) a response element recognized by the
DNA-binding domain of the encoded polypeptide of the
first gene expression cassette; ii) a promoter that is
activated by the transactivation domain of the encoded
polypeptide of the first gene expression cassette; and
iii) a gene whose expression is to be modulated.
[0243] In another embodiment, the gene expression
modulation system comprises a first gene expression
cassette comprising a polynucleotide that encodes a
first polypeptide comprising a DNA-binding domain that
recognizes a response element associated with a gene
whose expression is to be modulated and a nuclear
receptor ligand binding domain, and a second gene
expression cassette comprising a polynucleotide that
encodes a second polypeptide comprising a
transactivation domain and a nuclear receptor ligand
binding domain, wherein one of the nuclear receptor
ligand binding domains is a Group H nuclear receptor
ligand binding domain comprising a substitution
mutation. In one embodiment,the first polypeptide is
substantially free of a transactivation domain and the
second polypeptide is substantially free of a DNA
binding domain. For purposes of the invention,
"substantially free" means that the protein in
question does not contain a sufficient sequence of the
domain in question to provide activation or binding
activity. The gene expression modulation system may
further comprise a third gene expression cassette
comprising: i) a response element recognized by the
DNA-binding domain of the first polypeptide of the
first gene expression cassette; ii) a promoter that is
activated by the transactivation domain of the second
polypeptide of the second gene expression cassette;
and iii) a gene whose expression is to be modulated.
[0244] Wherein when only one nuclear receptor ligand
binding domain is a Group H ligand binding domain
comprising a substitution mutation, the other nuclear
receptor ligand binding domain may be from any other
nuclear receptor that forms a dimer with the Group H
ligand binding domain comprising the substitution
mutation. For example, when the Group H nuclear
receptor ligand binding domain comprising a
substitution mutation is an ecdysone receptor ligand
binding domain comprising a substitution mutation, the
other nuclear receptor ligand binding domain
("partner") may be from an ecdysone receptor, a
vertebrate retinoid X receptor (RXR), an invertebrate
RXR, an ultraspiracle protein (USP), or a chimeric
nuclear receptor comprising at least two different
nuclear receptor ligand binding domain polypeptide
fragments selected from the group consisting of a
vertebrate RXR, an invertebrate RXR, and a USP (see WO
01/70816 A2, International Patent Application No.
PCT/US02/05235 and US 2004/0096942 Al, incorporated
herein by reference in their entirety). The "partner"
nuclear receptor ligand binding domain may further
comprise a truncation mutation, a deletion mutation, a
substitution mutation, or another modification. [0245]
In one embodiment, the vertebrate RXR ligand binding
domain is from a human Homo sapiens, mouse Mus
musculus, rat Rattus norvegicus, chicken Gallus
gallus, pig Sus scrofa domestica, frog Xenopus laevis,
zebraf sh Danio rerio, tunicate Polyandrocarpa
misakiensis, or jellyfish Tripedalia cysophora RXR.
[0246] In one embodiment, the invertebrate RXR ligand
binding domain is from a locust Locusta migrato a
ultraspiracle polypeptide ("LmUSP"), an ixodid tick
Amblyomma americanum RXR homolog 1 ("AmaRXRl"), an
ixodid tick Amblyomma americanum RXR homolog 2
("AmaRXR2"), a fiddler crab Celuca pugilator RXR
homolog("CpRXR"), a beetle Tenebrio molitor RXR
homolog ("TmRXR"), a honeybee Apis mellifera RXR
homolog ("AmRXR"), an aphid Myzus persicae RXR homolog
("MpRXR"), or a non-Dipteran/non-Lepidopteran RXR
homolog. [0247] In one embodiment, the chimeric RXR
ligand binding domain comprises at least two
polypeptide fragments selected from the group
consisting of a vertebrate species RXR polypeptide
fragment, an invertebrate species RXR polypeptide
fragment, and a non-Dipteran/non-Lepidopteran
invertebrate species RXR homolog polypeptide fragment.
A chimeric RXR ligand binding domain for use in the
present invention may comprise at least two different
species RXR polypeptide fragments, or when the species
is the same, the two or more polypeptide fragments may
be from two or more different isoforms of the species
RXR polypeptide fragment. [0248] hi one embodiment,
the chimeric RXR ligand binding domain comprises at
least one vertebrate species RXR polypeptide fragment
and one invertebrate species RXR polypeptide fragment.
[0249] In another embodiment, the chimeric RXR ligand
binding domain comprises at least one vertebrate
species RXR polypeptide fragment and one
non-Dipteran/non- Lepidopteran invertebrate species
RXR homolog polypeptide fragment. [0250] In another
embodiment, the gene whose expression is to be
modulated is a homologous gene with respect to the
host cell hi another embodiment, the gene whose
expression is to be modulated is a heterologous gene
with respect to the host cell. [0251] The
diacylhydrazine ligands of Formula I and chiral
diacylhydrazine ligands of Formula II or III for use
in the present invention as described below, when
combined with the ligand binding domain of the nuclear
receptor(s), which in turn are bound to the response
element linked to a gene, provide the means for
external temporal regulation of expression of the
gene. The binding mechanism or the order in which the
various components of this invention bind to each
other, that is, for example, ligand to ligand binding
domain, DNA-binding domain to response element,
transactivation domain to promoter, etc., is not
critical. [0252] The ecdysone receptor is a member of
the nuclear receptor superfamily and classified into
subfamily 1, group H (referred to herein as "Group H
nuclear receptors"). The members of each group share
40-60% amino acid identity in the E (ligand binding)
domain (Laudet et al., Cell 97:161-163 (1999)). In
addition to the ecdysone receptor,other members of
this nuclear receptor subfamily 1, group H include:
ubiquitous receptor (UR), orphan receptor 1 (OR-I),
steroid hormone nuclear receptor 1 (NER-I), retinoid X



receptor interacting protein -15 (RIP- 15), liver X
receptor b (LXRb), steroid hormone receptor like
protein (RLD-I), liver X receptor (LXR), liver X
receptor a (LXRa), farnesoid X receptor (FXR),
receptor interacting protein 14 (RIP- 14), and
farnesol receptor (HRR-I). hi a specific example,
binding of the ligand to the ligand binding domain of
a Group H nuclear receptor and its nuclear receptor
ligand binding domain partner enables expression or
suppression of the gene. This mechanism does not
exclude the potential for ligand binding to the Group
H nuclear receptor (GHNR) or its partner, and the
resulting formation of active homodimer complexes
(e.g. GHNR + GHNR or partner + partner). Preferably,
one or more of the receptor domains is varied
producing a hybrid gene switch. Typically, one or more
of the three domains, DBD, LBD, and transactivation
domain, may be chosen from a source different than the
source of the other domains so that the hybrid genes
and the resulting hybrid proteins are optimized in the
chosen host cell or organism for transactivating
activity, complementary binding of the ligand, and
recognition of a specific response element hi
addition, the response element itself can be modified
or substituted with response elements for other DNA
binding protein domains such as the GAL-4 protein from
yeast (see Sadowski et al, Nature 355:563-564 (1988))
or LexA protein from Escherichia coli (see Brent et
al., Cell 43:129-136 (1985)), or synthetic response
elements specific for targeted interactions with
proteins designed, modified, and selected for such
specific interactions (see, for example, Kim et al,
Proc. Natl. Acad. Sd. USA, 24:3616-3620(1997)) to
accommodate hybrid receptors. Another advantage of
two-hybrid systems is that they allow choice of a
promoter used to drive the gene expression according
to a desired end result. Such double control can be
particularly important in areas of gene therapy,
especially when cytotoxic proteins are produced,
because both the timing of expression as well as the
cells wherein expression occurs can be controlled.
When genes, operably linked to a suitable promoter,
are introduced into the cells of the subject,
expression of the exogenous genes is controlled by the
presence of the system of this invention. Promoters
may be constitutively or inducibly regulated or may be
tissue-specific (that is, expressed only in a
particular type of cells) or specific to certain
developmental stages of the organism.[0254] In
particular, described herein are diacylhydrazine
ligands of Formula I and chiral diacylhydrazine
ligands of Formula II or III useful in a gene
expression modulation system comprising a Group H
nuclear receptor ligand binding domain comprising a
substitution mutation. This gene expression system may
be a "single switch"-based gene expression system in
which the transactivation domain, DNA-binding domain
and ligand binding domain are on one encoded
polypeptide. Alternatively, the gene expression
modulation system may be a "dual switch"- or
"two-hybrid"-based gene expression modulation system
in which the transactivation domain and DNA-binding
domain are located on two different encoded
polypeptides. [0255] An ecdysone receptor-based gene
expression modulation system for use in the present
invention may be either heterodimeric or homodimeric.
A functional EcR complex generally refers to a
heterodimeric protein complex consisting of two
members of the steroid receptor family, an ecdysone
receptor protein obtained from various insects, and an
ultraspiracle (USP) protein or the vertebrate homolog
of USP, retinoid X receptor protein (see Yao et al,
Nature 366:476-479 (1993) and Yao et al, Cell 77:63-72
(1992)). However, the complex may also be a homodimer
as detailed below. The functional ecdysteroid receptor
complex may also include additional protein(s) such as
immunophilins. Additional members of the steroid
receptor family of proteins, known as transcriptional
factors (such as DHR38 or betaFTZ-1), may also be
ligand dependent or independent partners for EcR, USP,
and/or RXR. Additionally, other cofactors may be
required such as proteins generally known as
coactivators (also termed adapters or mediators).
These proteins do not bind sequence-specifically to
DNA and are not involved in basal transcription. They
may exert their effect on transcription activation
through various mechanisms, including stimulation of
DNA-binding of activators, by affecting chromatin
structure, or by mediating activator-initiation
complex interactions. Examples of such coactivators
include RIP140, TIFl, RAP46/Bag-1, ARA70, SRC-
1/NCoA-l, TIF2/GRIP/NCoA-2, ACTR/AIBl/RACS/pCIP as
well as the promiscuous coactivator C response element
B binding protein, CBP/p300 (for review see Glass et
al, Curr. Opin. Cell Biol. 9:222-232 (1997)). Also,
protein cofactors generally known as corepressors
(also known as repressors, silencers, or silencing
mediators) may be required to effectively inhibit
transcriptional activation in the absence of ligand.
These corepressors may interact with the unliganded
ecdysone receptor to silence the activity atthe
response element. Current evidence suggests that the
binding of ligand changes the conformation of the
receptor, which results in release of the corepressor
and recruitment of the above described coactivators,
thereby abolishing their silencing activity. Examples
of corepressors include N-CoR and SMRT (for review,
see Horwitz et al, MoI Endocrinol. 10: 1167-1 177
(1996)). These cofactors may either be endogenous
within the cell or organism, or may be added
exogenously as transgenes to be expressed in either a
regulated or unregulated fashion. Homodimer complexes
of the ecdysone receptor protein, USP, or RXR may also
be functional under some circumstances. [0256] The
ecdysone receptor complex typically includes proteins
that are members of the nuclear receptor superfamily
wherein all members are generally characterized by the
presence of an amino-terminal transactivation domain,
a DNA binding domain ("DBD"), and a ligand binding
domain ("LBD") separated from the DBD by a hinge
region. As used herein, the term "DNA binding domain"
comprises a minimal polypeptide sequence of a DNA
binding protein, up to the entire length of a DNA
binding protein, so long as the DNA binding domain
functions to associate with a particular response
element. Members of the nuclear receptor superfamily
are also characterized by the presence of four or five
domains: A/B, C, D, E, and in some members F (see US
4,981,784 and Evans, Science 240:889-895 (1988)). The
"A/B" domain corresponds to the transactivation
domain, "C" corresponds to the DNA binding domain, "D"
corresponds to the hinge region, and "E" corresponds
to the ligand binding domain. Some members of the
family may also have another transactivation domain on
the carboxy-terminal side of the LBD corresponding to
"F". [0257] The DBD is characterized by the presence
of two cysteine zinc fingers between which are two
amino acid motifs, the P-box and the D-box, which
confer specificity for ecdysone response elements.
These domains may be either native, modified, or
chimeras of different domains of heterologous receptor
proteins. The EcR receptor, like a subset of the
steroid receptor family, also possesses less
well-defined regions responsible for
heterodimerization properties. Because the domains of
nuclear receptors are modular in nature, the LBD, DBD,
and transactivation domains may be interchanged.
[0258] Gene switch systems are known that incorporate
components from the ecdysone receptor complex.
However, in these known systems, whenever EcR is used
it is associated with native or modified DNA binding
domains and transactivation domains onthe same
molecule. USP or RXR are typically used as silent
partners. It has previously been shown that when DNA
binding domains and transactivation domains are on the
same molecule the background activity in the absence
of ligand is high and that such activity is
dramatically reduced when DNA binding domains and
transactivation domains are on different molecules,
that is, on each of two partners of a heterodimeric or
homodimeric complex (see PCT/USOl/09050). METHOD OF
MODULATING GENE EXPRESSION [0259] The present
invention also relates to methods of modulating gene
expression in a host cell using a gene expression
modulation system and the ligands of the present
invention. Specifically, the present invention
provides a method of modulating the expression of a
gene in a host cell comprising the steps of: a)
introducing into the host cell a gene expression
modulation system; and b) introducing into the host
cell a diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III; wherein
the gene to be modulated is a component of a gene
expression cassette comprising: i) a response element
comprising a domain recognized by the DNA binding
domain of the gene expression system; ii) a promoter
that is activated by the transactivation domain of the
gene expression system; and iii) a gene whose
expression is to be modulated, whereby upon
introduction of the diacylhydrazine ligand of Formula
I or chiral diacylhydrazine ligand of Formula II or
III into the host cell, expression of the gene is
modulated. [0260] The present invention also provides
a method of modulating the expression of a gene in a
host cell comprising the steps of: a) introducing into
the host cell a gene expression modulation system; b)
introducing into the host cell a gene expression
cassette, wherein the gene expression cassette
comprises i) a response element comprising a domain
recognized by the DNA binding domain from the gene
expression system; ii) a promoter that is activated by
the transactivation domain of the gene expression
system; and iii) a gene whose expression is to be
modulated; and c) introducing into the host cell a
diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III; whereby
upon introduction of the diacylhydrazine ligand of
Formula I or chiral diacylhydrazine ligand of Formula
II or III into the host cell, expression of the gene
is modulated.[0261] The present invention also
provides a method of modulating the expression of a
gene in a host cell comprising a gene expression
cassette comprising a response element comprising a
domain to which the DNA binding domain from the first
hybrid polypeptide of the gene expression modulation
system binds; a promoter that is activated by the
transactivation domain of the second hybrid
polypeptide of the gene expression modulation system;
and a gene whose expression is to be modulated;
wherein the method comprises the steps of: a)
introducing into the host cell a gene expression
modulation system; and b) introducing into the host
cell a diacylhydrazine ligand of Formula I or chiral
diacylhydrazine ligand of Formula II or III; whereby
upon introduction of the ligand into the host,
expression of the gene is modulated. [0262] Genes of
interest for expression in a host cell using methods
disclosed herein may be endogenous genes or
heterologous genes. Nucleic acid or amino acid
sequence information for a desired gene or protein can
be located in one of many public access databases, for
example, GENBANK, EMBL, Swiss-Prot, and PIR, or in
many biology related journal publications. Thus, those
skilled in the art have access to nucleic acid
sequence information for virtually all known genes.
Such information can then be used to construct the
desired constructs for the insertion of the gene of
interest within the gene expression cassettes used in
the methods described herein. MEASURING GENE
EXPRESSION/TRANSCRIPTION [0263] One useful measurement
of the methods of the invention is that of the
transcriptional state of the cell including the
identities and abundances of RNA, preferably mRNA
species. Such measurements are conveniently conducted
by measuring cDNA abundances by any of several
existing gene expression technologies. [0264] Nucleic
acid array technology is a useful technique for
determining differential mRNA expression. Such
technology includes, for example, oligonucleotide
chips and 



DNA microarrays. These techniques rely on DNA
fragments or oligonucleotides which correspond to
different genes or cDNAs which are immobilized on a
solid support and hybridized to probes prepared from
total mRNA pools extracted from cells, tissues, or
whole organisms and converted to cDNA. Oligonucleotide
chips are arrays of oligonucleotides synthesized on a
substrate using photolithographic techniques. Chips
have been produced which can be used for analysis of
up to 1700 genes. DNA microarrays are arrays of DNA
samples, typically PCR products, that are
roboticallyprinted onto a microscope slide. Each gene
is analyzed by a full or partial-length target DNA
sequence. Microarrays with up to 10,000 genes are now
routinely prepared commercially. The primary
difference between these two techniques is that
oligonucleotide chips typically utilize 25-mer
oligonucleotides which allow fractionation of short
DNA molecules whereas the larger DNA targets of
microarrays, approximately 1000 base pairs, may
provide more sensitivity in fractionating complex DNA
mixtures. [0265] Another useful measurement of the
methods of the invention is that of determining the
translation state of the cell by measuring the
abundances of the constituent protein species present
in the cell using processes well known in the art.
[0266] Where identification of genes associated with
various physiological functions is desired, an assay
may be employed in which changes in such functions as
cell growth, apoptosis, senescence, differentiation,
adhesion, binding to a specific molecules, binding to
another cell, cellular organization, organogenesis,
intracellular transport, transport facilitation,
energy conversion, metabolism, myogenesis,
neurogenesis, and/or hematopoiesis is measured. [0267]
hi addition, selectable marker or reporter gene
expression may be used to measure gene expression
modulation using the present invention. [0268] Other
methods to detect the products of gene expression are
well known in the art and include Southern blots (DNA
detection), dot or slot blots (DNA, RNA), northern
blots (RNA), RT-PCR (RNA), western blots (polypeptide
detection), and ELISA (polypeptide) analyses. Although
less preferred, labeled proteins can be used to detect
a particular nucleic acid sequence to which it
hybridizes. [0269] hi some cases it is necessary to
amplify the amount of a nucleic acid sequence. This
may be carried out using one or more of a number of
suitable methods including, for example, polymerase
chain reaction ("PCR"), ligase chain reaction ("LCR"),
strand displacement amplification ("SDA"),
transcription-based amplification, and the like. PCR
is carried out in accordance with known techniques in
which, for example, a nucleic acid sample is treated
in the presence of a heat stable DNA polymerase, under
hybridizing conditions, with one pair of
oligonucleotide primers, with one primer hybridizing
to one strand (template) of the specific sequence to
be detected. The primers are sufficiently
complementary to each template strand of the specific
sequence to hybridize therewith. An extension product
of each primer is synthesized and is complementary to
the nucleicacid template strand to which it
hybridized. The extension product synthesized from
each primer can also serve as a template for further
synthesis of extension products using the same
primers. Following a sufficient number of rounds of
synthesis of extension products, the sample may be
analyzed as described above to assess whether the
sequence or sequences to be detected are present.
GENERAL METHODS [0270] Standard recombinant DNA and
molecular cloning techniques used herein are well
known in the art and are described by Sambrook, J.,
Fritsch, E. F. and Maniatis, T. Molecular Cloning: A
Laboratory Manual; Cold Spring Harbor Laboratory
Press: Cold Spring Harbor, N.Y. (1989) (Maniatis) and
by T. J . Silhavy, M. L. Bennan, and L. W. Enquist,
Experiments with Gene Fusions, Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y. (1984) and by
Ausubel et al., Current Protocols in Molecular
Biology, Greene Publishing Assoc and
Wiley-Interscience (1987). [0271] Materials and
methods suitable for the maintenance and growth of
bacterial cultures are well known in the art.
Techniques suitable for use in the following examples
may be found as set out in Manual of Methods for
General Bacteriology (Phillipp Gerhardt, R. G. E.
Murray, Ralph N. Costilow, Eugene W. Nester, Willis A.
Wood, Noel R. Krieg and G. Briggs Phillips, eds),
American Society for Microbiology, Washington, DC.
(1994)) or by Thomas D. Brock in Biotechnology: A
Textbook of Industrial Microbiology, Second Edition,
Sinauer Associates, Inc., Sunderland, MA (1989). All
reagents, restriction enzymes and materials used for
the growth and maintenance of host cells were obtained
from Aldrich Chemicals (Milwaukee, WI), DIFCO
Laboratories (Detroit, MI), GIBCO/BRL (Gaithersburg,
MD), or Sigma Chemical Company (St. Louis, MO) unless
otherwise specified. [0272] Manipulations of genetic
sequences may be accomplished using the suite of
programs available from the Genetics Computer Group
Inc. (Wisconsin Package Version 9.0, Genetics Computer
Group (GCG), Madison, WI). Where the GCG program
"Pileup" is used the gap creation default value of 12,
and the gap extension default value of 4 may be used.
Where the CGC "Gap" or "Bestfit" program is used the
default gap creation penalty of 50 and the default gap
extension penalty of 3 may be used. In any case where
GCG program parameters are not prompted for, in these
or any other GCG program, default values may be
used.Melting points were measured in glass capillary
tubes with an Electrothermal(r) apparatus and are
uncorrected. Optical rotations ([aj go,) were measured
at room temperature in a 10 cm long quartz cell using
a Perkin Elmer Model 341 Polarimeter. Concentrations
are given in g/100 mL. H NMR spectra were recorded at
300 MHz or 400.13 MHz using a Bruker NMR. Unless
otherwise stated, the internal reference was solvent.
C NMR spectra were recorded at 100.6 MHz with a Bruker
NMR. Unless otherwise stated, the internal reference
was solvent. LC-MS analysis was performed using an
Agilent 1100 LC stack coupled with an Agilent single
quad mass spectrometer. Solvents were (A) H2O/0. 1%
formic acid and (B) ACN/0.1% formic acid in a gradient
of T=O 15% B to T=IO 98% B and a stop time of 20 min
on a 75 mm x 2.1 mm Cl 8 column with a flow rate = 0.2
mL/min. Exact mass analysis were performed by direct
infusion into an Agilent ESI/TOF mass spectrometer.
X-Ray crystal structure determinations were performed
using a Bruker SMART6000. Elemental analyses were
performed on a Perkin Elmer 2400 CHN analyzer.
Analytical thin layer chromatography or TLC was
performed using Macherey-Nagel Polygram(r) SiI G/UV254
0.2 mm plates. Most plates were visualized by UV
light. Some were developed using iodine or
phosphomolybdic acid. Silica gel chromatography was
performed using Aldrich silica gel (230-400 mesh, 60
A) in glass columns under a N2 or argon head pressure
of ca. 30 psi. Analytical HPLC was performed using a
Gilson HPLC system equipped with a 8 11C dynamic
mixer, 306 UVVVIS 155 detector, and 215 liquid
handler. UV absorbance was measured at 220 nm and 254
nm and integrations were performed at 254 nm. Flow
rates were typically held at 1 mL/min. Normal phase
chromatography was performed with a 4.6 mm x 25 cm
DuPont Zorbax ODS column. Reverse phase chromatography
was performed using an Alltech Adsorbosphere 5 micron,
4.6 mm x 25 cm Cl 8 column. Chiral HPLC was performed
using a CHIRALCEL (r) 5 micron, 4.6 mm x 25 cm OD-H
column, a CHIRAKP AK(r) 5 micron, 4.6 mm x 25 cm AD-H
column, or a 5 micron, 100 A, 4.6 mm x 25 cm Regis
Rexchrom (S,S) ULMO column. Solvents were reagent
grade unless otherwise stated. Anhydrous solvents were
used as purchased.GENERAL SYNTHETIC METHODS [0274]
Enantiomerically enriched compounds of Formula II or
HI where A, B and R2 are defined as above and R1 is
alkenyl may be prepared via asymmetric synthesis as
described in General Scheme 1. General Scheme 1
asymmetric PG NH2 R -CHO allylatiop H H PG [0275]
Reaction of protected hydrazine 1 (e.g.; benzyl
carbazate or t-butyl carbazate) with aldehyde R2CHO
affords 2. Asymmetric allylation of 2 provides either
3 or 4 in enantiomerically enriched form, depending
inter alia on the choice of chiral reagent and R2.
Methods to perform asymmetric allylation reactions are
known in the art and may be utilized to prepare
compounds of the invention. The synthesis of chiral
reagents particularly useful in asymmetric allylation
reactions is described in Leighton et al., J. Am.
Chem. Soc. 125:9596 (2003) and WO 03/074534. Reaction
of 3 with carboxylic acid chloride B-COCl gives 5.
Carboxylic acid B-CO2H may also be coupled with 3 to
provide 5. Removal of the protecting group of 5 gives
6. One skilled in the art recognizes there are a
variety of methods to deprotect a hydrazine, depending
on the nature of the protecting group. Suitable
protection/deprotection strategies are discussed in
"Protective Groups in Organic Synthesis", T. W. Green
and P. G. M. Wuts (1999). Reaction of 7 with
carboxylic acid chloride A-COCl or carboxylic acid
A-CO2H gives 8, a compound of Formula II. Similarly,
reaction of 4 leads to a compound of Formula EQ.[0276]
Enantiomerically enriched compounds of Formula II or
III where A, B, R1 and R2 are defined as above may
also be prepared via asymmetric reduction as described
in General Scheme 2. General Scheme 2 O [0277]
Reaction of acyl hydrazine 1 with ketone R1COR2
provides hydrazone 2. Asymmetric reduction of 2
provides 3 or 4 in enantiomerically enriched form,
depending inter alia on the choice of reducing agent,
R1 and R2. US 5,250,731 describes the asymmetric
catalytic hydrogenation of acyl hydrazones to give
optically active acyl hydrazines in the presence of a
chiral phospholane catalyst complex. One skilled in
the art will recognize other chiral ligands may also
be used. Moreover, one skilled in the art will
recognize additional asymmetric reduction methods may
employed. In this example, reaction of 3 with BCOCl
gives 5, a compound of Formula II. Similarly, reaction
of 4 leads to a compound of Formula III. [0278] In
addition, enantiomerically enriched compounds of
Formula II or III may be prepared via chiral
resolution, or a combination of asymmetric synthesis
and chiral resolution or a combination of asymmetric
hydrogenation and chiral resolution. As described in
General Scheme 3, subjecting racemic diacylhydrazines
to chiral HPLC chromatography provides
enantiomerically enriched compounds of Formula II or
III. Suitable chiral columns for use in chiral
resolutions include, for example, Daicel CHIRALCEL(r)
OD-H, Daicel CHIRAKPAK(r) AD-H and Regis Technologies
ULMO chiral columns. Other chiral resolution methods
are also possible. Racemicdiacylhydrazines for use in
chiral resolution processes may be prepared using
methodology described in US 2005/0209283 Al and US
2006/0020146 Al. General Scheme 3 Formula I Formula Il
Formula III racemate (R1 does not equal R2)
Enantiomerically enriched compounds of Formula II or
III where R1 is alkenyl 



may be further elaborated using standard chemical
transformations. As described in General Scheme 4 for
an enantiomerically enriched compound of Formula III,
the alkenyl may be converted to an alkyl, a
hydroxyalkyl, an alkyl optionally substituted with a
cycloalkyl, an alkyl optionally substituted with a
heterocycle, an alkyl substituted with an alkoxy, a
haloalkyl and other optionally substituted alkyl
groups. One skilled in the art will recognize an
assortment of single or multi-step chemical
transformations that may be used to convert an alkene
to other groups of the invention.General Scheme 4 B
EXAMPLES 0] The present invention may be better
understood by reference to the following general
synthetic methods provided above and non-limiting
examples provided below, which are provided as
exemplary of the invention. Example 1
(2?>3,5-Dimethyl-benzoic acid N-(l-
rt-butyl-butyl)-N'-(2-ethyl-3-methoxy-benzoyl)-
hydrazideSYNTHESIS [0281] Compound 1 : Benzyl
carbazate is commercially available. [0282] Compound 2
: Benzyl carbazate (300 g, 1.81 moles) was dissolved
in 1.2 L of methyl alcohol in a 3 L 4-neck flask
equipped with reflux condenser, thermometer, magnetic
stirring, and a 500 mL addition funnel. Glacial acetic
acid (5 mL) was added to the mixture that was then
brought to 45 0C. Pivaldehyde (248.8 g of solution,
2.17 moles, ca. 75% in t-butanol) was added
portionwise over 30 minutes. The reaction was heated
at reflux for 30 minutes, while monitoring by TLC. The
mixture was allowed to cool to nearly room temperature
and was concentrated on a rotary evaporator to a total
volume of ca. 700 mL. Ca. 7 g activated charcoal was
added at ca. 30 0C. The mixture was stirred overnight
and filtered through a pad of Celite in a pore size
"C" glass fritted Bchner funnel. The solvent was
removed in vacuo to leave a light yellow oil that was
poured into a crystallizing dish and induced to
crystallize by manipulation with a spatula. The
material was granulated and residual solvent was
allowed to evaporate in air at room temperature for
several days, leaving 420.4 g crude product.
Recrystallization at roomtemperature from an initially
boiling mixture of 300 mL ethyl acetate and 1 L
hexanes produced 363.2 g of
(E)-N'-(2,2-dimethyl-propylidene)-hydrazinecarboxylic
acid benzyl ester as an off-white solid. A second crop
of 43.1 g and identical melting point was obtained
from a mixture of ca. 150 mL hexanes and 45 mL ethyl
acetate. Total yield: 96.1%. Rf = 0.32 (2:1
hexanes:ethyl acetate); mp = 74-74.5 C; 1H NMR (400
MHz, CDCl3) 8.0 (IH, br s), 7.4-7.3 (5H, m), 7.1 (IH,
s), 5.20 (2H, s), 1.1 (9H, s). Compound 3:
(S,S)-2-Allyl-2-chloro-3,4-dimethyl-5-phenyl-
[l,3,2]oxazasilolidine was prepared using a modified
procedure of Leighton et al., J . Am. Chem. Soc.
125:9596 (2003) and WO 03/074534. The entire procedure
was performed under an anhydrous closed system with
minimized and brief moments of exposure to the
atmosphere. An oven-dried 5 L 4-neck flask with gas
inlet, overhead stirring, and addition funnel was
charged first with allyltrichlorosilane (419.5 g, 2.39
moles) and then with 2 L anhydrous CH2Cl2. The
solution was cooled under argon to 0 0C in an ice/salt
bath. Triethylamine (485 g, 4.79 moles) was added via
addition funnel, maintaining the temperature at 0 0C.
At this point the reaction was a transparent amber
color. S Spseudoephedrine (359 g, 2.17 moles) was
added portionwise using a solid addition funnel over a
period of 2 h, maintaining an internal temperature <15
0C. The addition funnel was flushed with 200 mL CH2Cl2
into the reaction. Over time, paste-like semi-granular
solids formed (Et3NCl). The light brown viscous slurry
was stirred for ca. 2 h on ice, then the ice bath was
removed, thereby allowing the reaction to reach room
temperature over a period of several hours.
Approximately 12 h later, most of the CH2Cl2 was
removed by distillation while maintaining the system
under argon. 1 L anhydrous hexane was added, and
solvent was distilled again. 1 L anhydrous pentane was
then added and the mixture was stirred at room
temperature for ca. 1 h under argon. The previously
paste-like sludge that originally formed in CH2Cl2
became more granular, first upon hexane addition, and
then especially after pentane addition. The solution
was light amber brown in color. In portions, and by
use of gentle argon pressure, pentane and soluble
product were transferred out of the reaction flask
through a glass wool filter and PFA tube into second
dry IL, 3-necked round bottom flask equipped with a
distillation head and magnetic stirring. In
alternation with solution transfer, pentane was
distilled out of this second flask leaving behind the
concentrated oily product. This process was repeated,
washing the Et NCl residue two times each with 500 mL
pentane, and transferring the washes to thesecond
flask under an argon atmosphere. The product was
collected by distillation in fractions under a vacuum
of ca. 10 torr. Ca. 56.3 g (9.7%) was collected in a
forerun that possibly contained up to ca. 3%
allyltrichlorosilane. The main fraction, purified
(S,S)-2-
allyl-2-chloro-3,4-dimethyl-5-phenyl-[l,3,2]oxazasilol
idine, was obtained in a quantity of 413.3 g (71%), bp
= 140-144 @ ca. 10 torr, as a mildly viscous liquid
light yellow at the time of collection, but which
became orange over several days under refrigeration
and tight septum/parafllm sealing. The material was
stored under refrigeration, was not characterized, and
was used without further purification in the
subsequent allylation reaction. Compound 4 : A 5 L,
4-neck flask equipped with thermometer and magnetic
stirring, was dried in an oven and maintained under
argon while 2 L anhydrous CH2Cl2 was added, followed
by N'-(2,2-dimethyl-propylidene)-hydrazinecarboxylic
acid benzyl ester (220 g, 939 mmoles).- The mixture
was chilled and stirred in large, ca. 10 gal ice/brine
bath at 2-3 0C.
(&S)-2-allyl-2-chloro-3,4-dimethyl-5-phenyl-
[l,3,2]oxazasilolidine (363 g, 1.355 moles) was added
to the flask over ca. 30 min using a cannula and
assistance with gentle argon pressure. The originally
pale yellow solution became a transparent light
orange, while the temperature remained at 2-3 0C. The
reaction was allowed to warm to room temperature on
its own accord and was monitored by quenching a small
aliquot in CH OH and analyzing by TLC (2:1
hexanes:EtOAc). 36 hours after initiation, TLC
analysis indicated ca. 90% completion. The mixture was
chilled to 5 0C, an additional 48 g (0.179 mmoles)
oxazasilolidine were added, and the mixture was
allowed to warm to room temperature. Ca. 8 hours
later, the reaction was again cooled to 5 0C and
quenched with a pre-chilled solution of 100 g K2CO3 in
100 mL deionized water over a period of ca. 1 h.
During the quench, an exotherm raised the temperature
to as high as 17 0C. Approximately 100 mL additional
deionized water was added. The solution became a
transparent blue-green in appearance. At no time
during the reaction or quench was there any apparent
evolution of gas. After 4 days of stirring at room
temperature, the solution was light yellow in color,
and after 5 days, the organic phase had gelled but
remained light yellow in color. The mixture was
chilled to ca 15 0C (later apparent that this is not
necessary), ca. 1.25 L hexanes was added, and the gel
was partially collapsed and broken up with overhead
stirring. The supernatant was siphoned off and
filtered through glass wool while alternately adding
ca. 1 L portions to the whitegel remaining in the
flask. Additional hexanes were also added to the
supernatant to precipitate pseudoephedrine as a white
solid and to collapse any remaining gel. The hexane
extracts were combined and solvent was removed in
vacuo. Overall, through extractions of gel,
hexanes-induced precipitation of pseudoephedrine, and
filtrations through glass wool and a glass-fritted
Bchner funnel, approximately 5-6 L hexanes was used to
obtain the crude allyl hydrazide as a yellow oil. hi
batches, this crude material was treated with ca.
three volumes of hexanes, allowed to stand at room
temp, decanted from precipitated pseudoephedrine, and
transferred to a separatory funnel. The product
solution was isolated from residual pseudoephedrine by
washing thrice with ca. 25 inL each 1.4 N HCl (much
color also removed), followed by washes with 10% K2CO3
and brine. The hexanes solution of crude product was
dried over solid anhydrous Na2SO4, and solvent was
removed in vacuo to give a light-yellow colored
viscous oil. TLC (2:1 hexanes:EtOAc) showed desired
product Rf=0.4; two impurities at 0.25 and 0.31 (5-10%
each, one of them probably starting material), and a
few less prominent impurities above Rf = 0.4.
Pseudoephedrine previously detected at the baseline
was now absent. A total of 196.8 g (75.8%) (7?>N'-(l-
r -butyl-but-3-enyl)-hydrazinecarboxylic acid benzyl
ester was isolated as an amber oil after removing
trace solvent on a vacuum pump. The original gel, now
somewhat condensed and granular, was extracted with
ca. 2 L boiling hexanes. Solids were filtered, hexanes
were stripped, and the oil was decanted from
precipitated pseudoephedrine, yielding ca. 18 g. This
material was combined with residues from the primary
product batch above (ca. 3-4 g), and washed with 1.4 N
HCl, aq. K2CO3, and brine as before. The hexanes were
stripped to yield 20.6 grams additional product, as an
amber oil which by TLC appears identical to the first
batch. A 10.1 g portion of (R)-K-( l - r
-butyl-but-3-enyl)-hydrazinecarboxylic acid benzyl
ester was chromatographed quantitatively on silica gel
to yield 8.88 g (88% yield for chromatography) pure
product as a clear, off-white oil. Rf = 0.43 (2:1
hexanes:ethyl acetate); 1H NMR (400 MHz, CDCl3) d 7.4
(5H, br s), 6.2 (IH, br s), 6.0 (IH, br s), 5.15 (2H,
s), 5.1 (2H, s), 4.1 (IH, br), 2.7 (IH, m), 2.4 (IH,
br d), 2.0 (IH, m), 0.95 (9H, s); ee = 98.1%, AD-H
column; [a]2 5 589 -42.5 (c 2.18, CH3OH). Compound 5 :
(7?>N'-(l- rt-butyl-but-3-enyl)-hydrazinecarboxylic
acid benzyl ester (110 g, 398 mmoles) and 500 mL of
methylene chloride were added to a 2 L round bottom
flask with a thermometer and magnetic stirrer. A
solution OfK2CO3 (82.51 g, 597mmol in 200 mL deionized
water) was subsequently added, and the flask was
cooled to ca. 10 0C. Neat 3,5-dimethyl benzoyl
chloride (73.82 g, 437.8 mmol) was then added slowly
over a period of 20 min. 1 L methylene chloride was
used to rinse residual acid chloride into the flask
and to dilute the reaction mixture. The temperature
was not allowed to exceed 15 0C during the addition.
The reaction was stirred overnight, first in an ice
bath and then at room temperature. TLC analysis at ca.
16 hours indicated that the reaction was complete with
residual acid chloride; the mixture was stirred for a
total of ca. 40 hours. The reaction mixture was poured
into a 2 L separatory funnel. The organic layer was
collected and combined with a small CH2Cl2 backwash of
the aqueous layer. The organic phase was washed once
more with 10% K2CO3, washed with brine, and then dried
over solid MgSO4ZNa2SO4. The mixture was filtered from
salts, and solvent was removed in vacuo to obtain a
granular light beige solid. The crude product was
suspended and stirred in 300 mL of 2:1 hexanes:ether
and filtered on a Buchner funnel to substantially
remove residual 3,5-dimethylbenzoyl chloride. The
collected solids were washed four times more with a
combined total of ca. 1200 mL 2:1 hexanes: ether,
thereby providing a white granular solid. The product
was collected and allowed to dry in the air to yield
144.55 g (7?>N'-(l- r
-butyl-but-3-enyl)-N'-(3,5-dimethyl-benzoyl)-
hydrazinecarboxylic acid benzyl ester, yield = 88.9%.
A 30 g sample of was dissolved in 205 mL boiling
methanol and allowed to crystallize at room
temperature. The resultant flocculant material was
washed in a Buchner with 50 mL CH3OH to give 22.2 g,
mp = 146 0C, (ee>99.9%). An analytical sample of
fi?>N'-(l-ter t-butyl-but-3-enyl)-N'-(3,5-
dimethyl-benzoyl)-hydrazinecarboxylic acid benzyl
ester was obtained by twicerecrystallizing this
material from boiling CH3OH followed by Kugelrohr
short-path distillation and collection as a solid to
give a pure white material: mp = 145.5-147 0C. Rf =
0.12 (10:1 hexanes:ethyl acetate); 1H NMR (400 MHz,
CDCl3) : d 7.5-7.2 (m, 9H, f + 



NH), 7.2-6.8 (m), 6.4 (S), 6.3 (S), 5.95 (br, 5H,
benzylic + C=C), 5.4-4.6 (m, 9H, allylic N-CH, f-CH3),
3.65 (br), 2.5 (m), 2.35 (S), 2.3 (S), 1.2-0.8 (m, 9H,
-C(CH3)3); [a]2 5589 -12.8 (c 2.01,CHCl3) . Compound 6
(2?>N'-(l- er
-butyl-but-3-enyl)-N'-(3,5-dimethyl-benzoyl)-
hydrazine carboxylic acid benzyl ester (13.5 g, 33
mmoles) was suspended in 100 mL glacial acetic acid at
room temperature. 10% Palladium on charcoal (0.24 g)
were added as a slurry in 4.4 g acetic acid. The gray
suspension was shaken for 90 minutes at 10-30psi on a
Parr hydrogenator, monitoring the reaction by TLC. The
catalyst was allowed to settle, and the reaction
solution was removed with a pipette and passed through
fluted filter paper (Schleicher & Schuell 597 1/2, 125
mm dia). The catalyst residue was washed with acetic
acid and washes were passed through filter paper to
give a combined total mass of 156 g acetic acid and
product. The mixture was chilled on ice and ca. 600 mL
deionized water was added. Over a period of 30
minutes, product oiled out and then crystallized. This
was filter through paper, dried in air, and collect on
paper to yield 7.9 g of a light yellow solid. Over
several hours, 0.52 g additional product precipitated
out of the filtrate to give a total yield of 8.42 g
(92.2%) of (7?>3,5-dimethyl-benzoic acid N-(Ir
-butyl-butyl)-hydrazide; Rf = 0.5 (1:1 hexanes:ethyl
acetate); [a]2 5589 +7.63 (c 1.98, CH3OH), 1H NMR (400
MHz, CDCl3) d 7.05 (IH, s), 7.02 (2H, s), 4.6+3.5 (IH,
2d), 4.1 (2H, s, NH2), 2.38+2.37 (6H, 2s), 1.1-2.1
(4H, m), 1.0+0.9 (9H, 2s), 1.0+0.98 (3H, 2t), 2
distinct conformers. [0287] Compound 7 (title
compound): ^-3,5-dimethyl-benzoic acid N-(l-ter
-butylbutyl)- hydrazide (35 g, 126.6 mmoles,) was
dissolved in 100 mL methylene chloride in a 500 mL
round bottom flask with magnetic stirring. Aqueous
K2CO3 (26.25 g, 189.9 mmoles, solution in 75 mL
deionized water) was added and the mixture was stirred
on ice. Solid 2-ethyl-3-methoxybenzoyl chloride (27.67
g, 139.3 mmoles) was added and rinsed into the flask
using 25 mL CH2Cl . The mixture was stirred on ice for
ca. 40 h, allowing the bath to warm to room
temperature. Additional methylene chloride and water
were added as needed to aid manipulation. The organic
layer was separated and dried over MgSO4. Ca. 5 g
activated charcoal was added and the salt and carbon
were removed by filtration through paper. The solvent
was evaporated in vacuo, first on a rotary evaporator
and then under high vacuum, providing 57.8 g crude
product, containing traces OfCH2Cl2. The crude
material was triturated first with 3 x 100 mL portions
of ether (2% ethanol) and then with 1 x 100 mL portion
of 1:1 hexanes:ether in a fritted glass Buchner funnel
(pore size ASTM 40-60 C, Pyrex). The product was then
washed with 2 x 200 mL deionized water with thorough
mixing and allowed to dry in air. (R)-3,5-
Dimethyl-benzoic acid N-( 1-t r
-butyl-butyl)-N'-(2-ethyl-3-methoxy-benzoyl)-hydrazide
(also refered to as (2?>2-ethyl-3-methoxy-benzoic acid
N'-(l- ter t-butyl-butyl)-N'-(3,5-
dimethyl-benzoyl)-hydrazide) was collected as a bright
white powdery solid (36.51 g, 65.7% yield, quite pure
and very high ee by HPLC and chiral HPLC, one spot by
TLC,1:1 hexanes:ether). Evaporation of the combined
organic washes yielded ca. 20 g material, which was
triturated first with 200 mL 2:1 hexanes: ether and
then with 2 x 100 mL 2:1 hexanes:ether in a fritted
glass Bchner, pore size ASTM 40-60 C. The material was
washed with 3 x 100 mL deionized water with thorough
mixing and allowed to air dry. A second crop was
collected as a white powder (12.98 g, 23.4% yield,
quite pure and high ee by HPLC and chiral HPLC). A
third crop was obtained in a similar manner as an
off-white solid (1.52 g, 2.7%, 98% pure, >99% ee). A
final sample was prepared by dissolving in warm
methanol and filtering through a 0.45 micron syringe
filter into a large crystallization dish. The material
was collected, pulverized with a spatula, and heated
at 50-58 0C in a vacuum oven virtually until constant
weight. HPLC analysis indicated 99.3% chemical purity
and >99.9% ee Rf = 0.28 (1:1 hexanes:ethyl acetate);
mp = 162.2- 162.8 0C; [a]2 5 589 +12.9 (c 2.04,
CH3OH); 1H NMR (400 MHz, CD3OD) d 7.0-7.1 (4H, m), 6.9
(IH, d), 6.1-6.4 (IH, 2d), 4.5-4.7 (IH, 2d), 3.78 (3H,
s), 2.3 (6H, s), 2.3 (IH, m), 1.9 (2H, m), 1.55 (3H,
m), 1.1-1.15 (9H, 2s), 0.9-1.0 (6H, m). [0288]
Examples 2 to 29 were prepared using methodology
described in Example 1. The percent enantiomeric
excess (ee) was determined by chiral HPLC. Table 2
provides analytical data for examples 2 to 29.Patent
Application of Joseph Reid Henrichs et al. for TITLE
OF THE INVENTION Method for Eliminating Defects from
Semiconductor Materials CROSS-REFERENCE TO RELATED
APPLICATIONS Not Applicable STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT Not
Applicable INCORPORATION-BY-REFERENCE OF MATERIAL
SUBMITTED ON A COMPACT DISC Not Applicable REFERENCE
TO A MICROFICHE APPENDIX Not Applicable BACKGROUND OF
THE INVENTION-Field of the Invention This invention
relates generally to a method for eliminating defects
from semiconductor material, and more specifically to
the cryogenic treatment of semiconductor materials,
e.g. "Indium-Phosphide" (InP), "Gallium-Arsenide"
(GaAs), "Gallium-Nitride" (GaN), and
"Gallium-Phosphide" (GaP), semiconductor ingots,
semiconductor substrate wafers, and epitaxially grown
semicon ductor layers and other structures as the
means to provide for the elimination of dislocation
and other defects from said material and structures.
BACKGROUND OF THE INVENTION- Description of Related
Art The invention generally relates to processes
currently used to reduce the number of defects that
form in large single crystals, and more particularly
to processes used to grow defect free large single
crystals of Group HI-V semi conductor compounds. One
of the most significant developments in recent years
in semiconductor technology has been the increased
importance of com pound semiconductors. Particularly
significant are the Group III-V semicon ductor
compounds composed of elements of Groups III and V of
the periodic table, such as GaAs and InP. Compound
semiconductors, such as InP are cur rently used in
devices such as semiconductor "Laser Diodes" (LDs),
"Light Emitting Diodes" (LEDs), microwave oscillators
and amplifiers, high-speed transistors, e.g. "High
Electron Mobility Transistors" (HEMT), and various
types of radiation detectors including infrared and
visible light detectors. Because a higher electron
drift velocity makes possible faster switching speeds
over the more conventional devices constructed using
silicon, GaAs is increasingly being used for
integrated memory and logic circuitries. The
commercial use of semiconductors requires the growth
of large single crystals of defect free semiconductor
material. Various methods have been proposed for
growing large single crystal in gots from which defect
free substrate wafers can be cut for the subsequent
fab rication of useful electronic and electro-optic
devices. One of the more prom ising methods for such
crystal growth is the "Vertical Gradient Freeze" (VGF)
method, particularly the VGF method defined in the U.S
. patent of W. A. Gault No. 4,404, 172. According to
this method, polycrystalline starting construction
material is placed in a vertically extending crucible
including a small cylindri cal seed-well portion at
its bottom end, which snugly contains a seed-crystal.
Initially, the starting material and a portion of the
seed are melted. The powerto the system is then
reduced in such a manner that freezing proceeds verti
cally upwardly from the seed-crystal. The major
advantage of the VGF method over more conventional
meth ods, such as the Czochralski growth method, is
that morphous single crystal melts with very 'low
dislocation densities' (i.e., a reduction in defect
density) can be produced using low thermal gradients
and slow rates of cooling. How ever, because the
interaction of the melt with the crucible normally
leads to the introduction of dislocations that cause
false grains to nucleate and spoil portions of the
single crystal the VGF method has its limitations.
Further, it is well known that the IH-V compounds tend
to dissociate at higher temperatures, with the more
volatile Group V elements escaping into the vapor
phase. Several approaches have been developed to
prevent or retard this tendency. For example, in one
approach to the growth of GaAs crystals, the more
volatile Arsenic component is prevented from escaping
by providing a vapor pressure of Arsenic vapor over
the melt from a separately heated re s ervoir of
Arsenic within the sealed growth container. Moreover,
it is also known in the art that Arsenic loss from the
melt may be retarded with the use of any of various
materials such as "Boric-Oxide" (B2O3) ,
"Barium-Chloride" (BaCl 2) , or "Calcium-Chloride"
(CaCl 2) , which act as diffusion barriers. Such
additives, having a lower density than the molten
GaAs, rise to the surface, encapsulate the melt, and
together with an inert gas pressure in the vessel, can
contain the volatile Arsenic vapors; e.g., see the
paper "Growth of Single Crystals of GaAs in Bulk and
Thin Film Form," by B. A. Joyce, included in the book
"Crystal Growth," edited by B. R. Pamplin, Pergamon
Press, 1975, pp. 157- 184 at page 165. Furthermore,
various attempts have been made over the years to grow
IIIV crystals by the VGF technique utilizing different
crucible materials. For e x ample, see the
aforementioned Pamplin book at pp. 389-39 1. A
significant limitation on the success of these efforts
has been the physical and chemical interaction of the
melt with the crucible wall. For example, see the
aforemen tioned Pamplin book, at p. 389, and "The Art
and Science of Growing Crystals," by J . J . Gilman,
Ed., John Wiley & Sons, New York, 1963, at p. 366 and
p. 390. Figure 1 illustrates an apparatus that has
been used for the selective growth of the boric oxide
layer in accordance with the prior-art. Crucible 11 is
contained within a cylinder 10, which in turn is
contained within a furnace 13. As the furnace heats
the crucible, oxygen (O2) is introduced into the inte
rior of the crucible by a tubulation 14.
Simultaneously, a counterflow of inert gas, such as
nitrogen (N2) , is introduced into cylinder 10. The
nitrogen thus enters the open end of the seed-well
portion of the crucible 11 so as to prevent oxygen
from entering from the opposite end. Thus, both oxygen
and nitrogen are expelled at the same end of the
cylinder 10 as shown by the arrows that designate gas
flow. By simple experimentation, one can quickly
obtain a placement of tubula tion 14 that, with an
appropriate flow of nitrogen, gives thermal oxidation
of the frusto-conical transition portion without
oxidizing the inner surface of the 



seed-well portion of the crucible 11. The flow of
nitrogen in cylinder 10 along the outer surface of
crucible 11 prevents oxide growth on the outer surface
of the crucible. For growth of a boric oxide layer
15-mm thick, the crucible was heated at 1050 Celcius
for 18 hours, while being exposed to O2 flowing at a
rate of 40 liters per hour (1/hr). During growth of
layer 12, the structures are preferably arranged in an
axially symmetric environment (Fig 2), to enhance
uniformity. Nevertheless, it has been found that eddy
currents of nitrogen sometimes occur around the large
open end of the major portion of the crucible so as to
reduce the thick ness of the layer 12 at that end. It
has proved difficult to reproducibly decouple this
interaction in order to eliminate spurious
polycrystalline growth. In conclusion, while the VGF
method has succeeded in eliminating some dislocation
defects in IH-V com prised crystals, as described
above, it clearly has its limitations - the most sig
nificant being higher manufacturing costs.BRIEF
SUMMARY OF THE INVENTION In accordance with the
present invention a method and apparatus that uses
cryogenics as the means to eliminate defects, such as
dislocations from large single crystals, mono-crystal
substrate wafers, epilayers, and other structures
comprising material taken from columns III and V of
the periodic table of elements. Objects and Advantages
Accordingly, besides the objects and advantages of the
cryogenic method described in my above patent, several
objects and advantages of the present i n vention are:
(a) to provide for large single crystals of column
III-V compounds that have little or no dislocation
defects; (b) to provide a lower cost of manufacturing
for large dislocation free single crystals of column
III-V compounds; (c) to provide a much larger wafer
size (e.g., 10- to 12-in in diameter) for large
dislocation free single crystals of column III-V
compounds; (d) to provide a very high yield of
coherent microstructures formed in dislocation free
wafers and epilayers comprising column III-V
compounds; (e) to provide a very high yield for
integrated HEMT configured memory and logic circuitry
per wafer; (f) to provide a much lower failure rate
for integrated HEMT configured memory and logic
circuitry per wafer; (g) to provide for large single
crystals of column III-V compounds that have little or
no point defects; (h) to provide a much lower degree
of power consumption for integrated memory and logic
circuitry.Further objects and advantages will become
apparent from a consideration of the ensuing
description and drawings. The effect cryogenic
processing has on non-ferrous materials will be useful
in overcoming some of the everyday i s sues that
engineers face when working with these materials,
especially in ap plications that require high levels
of accuracy. Moreover, deep cryogenic processing
(i.e., having a temperature range between -273 to -195
Celsius) of materials, such as InP, GaAs, InAs, GaP,
InGaN, GaN, Ge, Si, and other non-ferrous (i.e. ,
non-magnetic) metals, can be a great benefit, simply
because these materials, during high-temperature
growth and/or deposition, solidify before they are
able to form more uniform crystalline structure. This
sets up 'stress' areas that cause defects (e.g., dislo
cation defects) to form within the material' s
crystalline lattice. In addition, other defects, such
as point defects (e.g., vacancies) also o c cur during
the non-uniform crystallization of these materials.
Regardless, by applying a post-production deep
cryogenic process to these paramagnetic and
diamagnetic materials, we can reorganize their
molecules into uniform struc tures, which have more
tightened atomic bonds and so alleviate the vast maj
or ity of the previously described defect problems.
Cryogenic processing has the added benefit of being
able to change the electrical characteristics of these
ma terials. By providing for an enhanced molecular
uniformity, electrons are a l lowed to flow more
freely; thus, providing for a more efficient, cooler
running, integrated electro-optic and/or electronic
component. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS Still further objects and advantages will
become more apparent from a consideration of the
ensuing figure descriptions and drawings. In the draw
ings, closely related figures have the same number but
different alphabetic suf fixes: Fig 1 illustrates a
prior-art vertical gradient freeze fabrication method
and apparatus used for growing large defect free
single crystals of material taken from columns III and
V of the periodic table of elements.Fig 2 is a block
diagram that illustrates the preferred method for the
deep cryogenic treatment of substrate wafers
constructed from single crystal material from columns
III and V of the periodic table of elements as the
means to remove dislocation and other defects from the
substrate wafer. Fig 3 is a block diagram that
illustrates the additional method of the deep
cryogenic treatment of epilayers grown upon substrate
wafers constructed from single crystal material from
columns III and V of the periodic table of elements as
the means to remove dislocation and other defects from
the epilay ers. Fig 4 is a block diagram that
illustrates the first alternative method of deep
cryogenic treatment of single crystal boules formed
using material taken from columns III and V of the
periodic table of elements as the means to r e move
dislocation and other defects from the boule(s). Fig 5
is a section side-view drawing of the capsule used in
the second a l ternative method of the deep cryogenic
treatment of substrate wafer(s) con structed from
single crystal material taken from columns III and V
of the periodic table of elements. Fig 6 is a block
diagram that illustrates the second alternative method
of the deep cryogenic treatment of substrate wafer(s)
constructed from single crystal material taken from
columns III and V of the periodic table of ele ments,
which uses a capsule to provide for a high-flux
magnetic field as the means to promote greater
molecular uniformity in the substrate wafer(s) con
tained within the capsule. DESCRIPTION OF THE
INVENTION- Fig 2-Preferred Embodiment The preferred
embodiment of the cryogenic method of the present
inven tion as diagramed in Fig 2 comprises a cryogenic
cycle that consists of: a . RAMP DOWN - Lowering the
temperature of the substrate wafer; b. SOAK - Holding
the temperature of the substrate wafer;c . RAMP UP -
Bringing the temperature back up to room temperature;
e . TEMPER RAMP UP - Elevating the temperature to
above ambient; f . TEMPER HOLD - Holding the elevated
temperature for a time. The preferred embodiment of my
invention will use a helium cryostat, b e cause the
liquid helium the cryostat uses is chemically inert
and will not react with any of the single crystal
materials being processed. In addition, liquid helium
will provide much lower temperatures (i.e., 2. 17 K)
over the low tem peratures provided by liquid nitrogen
(i.e., 77 K); liquid nitrogen could be used instead of
the preferred liquid helium. A typical cryogenic cycle
of the preferred embodiment of my invention will bring
the temperature of the sub strate wafer down to 2.2 K
over a period of twenty-four hours. This will avoid
thermally shocking the substrate wafer(s). There is
ample reason for the slow ramp down. Think in terms of
dropping a cannon ball into a vat of liquid he lium.
The outside of the cannon ball would want to become
the same tempera ture as the liquid helium, which is
near 2.2 K. While the inside would want to remain at
room temperature. This sets up a temperature gradient
that i s very steep in the first moments of exposure
to the liquid helium. The area that is cold wants to
contract to the size it would be if it were as cold as
the liquid helium. While, the inside wants to stay the
same size it was when it was room temperature. This
can set up enormous stresses in the surface of the
substrate wafer, which can lead to cracking at the
surface. Some alloys can take the sudden temperature
change, but most of the metal alloys taken from
columns III - V will not as their disassociation
temperatures are normally very high. A typical soak
segment will hold the temperature at 2.2 Kelvin for
some period of time, in the case of my invention a
period of ninety-six hours. Dur ing the soak segment
of the process the temperature is maintained at the
low temperature of 2.2 K. Although molecular bond
lengths are shortening within the single crystal
structure of the single crystal alloy at this
temperature, the change made to bond lengths is a
relatively slow process and requires time tooccur. The
result is the precipitation of a much finer, more
uniform, molecular structure for the alloy. In
addition, at these low temperatures, alloys such as
GaAs, InP, and GaP form dipole moments, which will
re-align along lines of internal magnetic force as
their bonds condense. I believe that this greater than
normal amount of time in the soak process also
provides time for the crys talline structure to react
at the quantum level to the lower temperature, and
will allow for much greater amounts of vibrational
energy to leave the mole cules that comprise the
substrate wafer. In theory a perfect crystal lattice
structure is possible at its lowest energy state;
i.e., when the vibrational energy in the u = 0 state
is vib = hf / 2 Moreover, by keeping the substrate
wafer at a low temperature of 2.2K for a longer
period, we will get more of the energy out of the
lattice; consequently making a more perfect and
therefore, stronger, lower defect crystalline struc
ture. A typical ramp up segment brings the temperature
back up to room tem perature. In the case of my
invention, this will typically be a period of
twenty-four hours. The ramp up cycle is very important
to the process. Ramp ing up too fast can cause
problems with the substrate wafer being treated. Think
in terms of dropping an ice cube into a glass of warm
water. The ice cube would crack. The same would happen
to the substrate wafer(s) being processed. A typical
temper segment ramps the temperature up over a
predetermined 



period of time. This is done by using the same type of
tempering process as the quench and temper cycle used
in a heat-treat annealing process. We ramp up the
temperature to assure the temperature gradients within
the substrate wa fer are kept low. Typically,
tempering temperatures are between 300F on up to
1100F, depending on the single crystal material the
substrate wafer is con structed from. The temper hold
segment assures the entire substrate wafer has had the
benefit of the tempering temperature. A typical temper
hold time is about 3 hours. This time depends on the
material, thickness, and diameter size of the
substrate wafer.Fig 3-Additional Embodiment An
additional embodiment of the deep cryogenic method of
my present invention, as diagramed in Fig 3, comprises
a cryogenic cycle that consists of: a . The growth of
an epilayer (e.g., a buffer layer) upon a substrate
wafer using an epitaxial growth method, e.g. such as
"Metal Oxide Chemical Vapor Deposition" (MOCVD) or
"Molecular Beam Epitaxy" (MBE). b. RAMP DOWN -
Lowering the temperature of the epilayered wafer. c .
SOAK - Holding the temperature of the epilayered
wafer. d . RAMP UP - Bringing the temperature back up
to room temperature. e . TEMPER RAMP UP - Elevating
the temperature to above ambient. f . TEMPER HOLD -
Holding the elevated temperature for a period. A
typical cryogenic cycle for the additional embodiment
of my invention will bring the temperature of the
epilayered substrate wafer down to 2.2 K over a period
of twenty-four hours. This will avoid thermally
shocking the epilay ered substrate wafer(s). A typical
soak segment will hold the temperature at 2.2 K for a
period of ninety-six hours. During the soak segment of
the process the temperature is maintained at 2.2
Kelvin. Although molecular bonds are changing within
the crystal structure of the epilayered substrate
wafer at this temperature, these changes are
relatively slow and need time to occur. One of the
changes is the precipitation of a much finer, more
uniform, molecular structure. I believe that this
greater than normal amount of time in the soak process
will provide more time for the single crystal bonds to
condense further as greater amounts of vibrational
energy is removed from the single crystal epilayer(s)
and sub strate wafer(s). A typical ramp up segment
brings the temperature of the epilayered sub strate
wafer back up to room temperature. In the case of the
additional em bodiment of my invention, this can
typically take twenty-four hours. The ramp up cycle is
very important to the process. Ramping up too fast can
cause prob lems with the epilayered substrate wafer(s)
being treated. A typical temper segment ramps the
temperature up to a predetermined level over a period
oftime. This is done by using the same type of
tempering process as is used in the 'quench and temper
cycle' used in heat-treat annealing. We ramp up the
temperature to assure the temperature gradients within
the epilayered substrate wafer(s) are kept low.
Tempering temperatures can range from 300 to 1100
Fahrenheit; depending upon single crystal material,
the epilayers and substrate wafers are constructed
from. The temper hold seg ment assures that the
epilayered substrate wafer(s) have had the benefit of
the tempering temperature. A typical temper hold
period is about 3 hours. This time period depends on
the thickness and diameter size of the epilayered sub
strate wafer(s). Figs 4, 5, and 6-Alternative
Embodiments The first alternative embodiment of the
deep cryogenic method of my pre sent invention, as
diagramed in Fig 4, comprises a cryogenic cycle that
con sists of: a . RAMP DOWN - Lowering the temperature
of the substrate boule. b. SOAK - Holding the
temperature of the substrate boule. c . RAMP UP -
Bringing the temperature back up to room temperature.
d. TEMPER RAMP UP - Elevating the temperature to above
ambient. e . TEMPER HOLD - Holding the elevated
temperature for a period. A typical cryogenic cycle
for the first alternative embodiment of my i n vention
brings the temperature of the substrate wafer boule
down to 2.2 Kelvin over a period of twenty-four hours.
This will avoid thermally shocking the the substrate
wafer boule(s). A typical soak segment will hold the
temperature at 2.2 K for a period of ninety-six hours.
During the soak segment of the process the temperature
is maintained at 2.2 Kelvin. Although molecular bonds
are condensing within the crystal structure of the
substrate wafer boule at this temperature, these
changes are a relatively slow process and need time to
occur. One of the changes is the precipitation of a
much finer, more uniform, molecular structure. I
believe that this greater than normal amount of time
in the soak process will provide- - more time for the
molecular bonds to condense even further as greater
amounts of vibrational energy is removed from the
substrate wafer boule(s). A typical ramp up segment
brings the temperature of the substrate wafer boule(s)
back up to room temperature. In the case of the first
alternative em bodiment of the invention, this can
take twenty-four hours. The ramp up cycle is very
important to the process. Ramping up too fast can
cause problems with the substrate wafer boule(s) being
treated. A typical temper segment ramps the
temperature up to a predetermined level over a period
of time. This is done by using the same type of
tempering process as is used in the 'quench and temper
cycle' used in heat-treat annealing. We ramp up the
temperature to assure the temperature gradients within
the substrate wafer boule(s) are kept low. Tempering
temperatures can range from 300 to 1100 Fahrenheit;
depending upon single crystal material, the substrate
wafer boule(s) are constructed from. The temper hold
segment a s sures that the substrate wafer boule(s)
have had the benefit of the tempering temperature. A
typical temper hold period is about 3 hours. This time
period depends on the length and diameter size of the
substrate wafer boule(s). The second alternative
embodiment of the deep cryogenic method of my present
invention, as illustarted in Fig 5, uses a wafer
holding capsule appara tus, which comprises a plastic
tube 15 having an inner-wall diameter size slightly
larger than the substrate wafer 18. At the bottom of
tube 15 is placed a first high-flux disk shaped magnet
16. Next, a first disk of Pyrolytic Carbon 17 having
the same diameter size as the first magnet 16 is
placed into the tube shaped capsule 15 above the first
magnet 16. Next, the substrate wafer 18 is placed upon
the first Pyrolytic Carbon disk 17. Next, a second
Pyrolytic Carbon disk 19, having the same diameter
size as the first Pyrolytic Carbon disk 17, is placed
into the plastic tube 15, above the substarte wafer
18. Next, a second high-flux disk shaped magnet 20 is
placed into the tube shaped capsule 15, located above
the second Pyrolytic Carbon disk 19; moreover, the
order of material/magnet segments can be repeated for
a multitude of substrate wafers.Next, as diagramed in
Fig 6, the plastic tube shaped capsule 15 is sealed
and then placed into a helium capable cryo-processor,
where it will undergo a cryogenic cycle that consists
of: a . RAMP DOWN - Lowering the temperature of the
wafer capsule. b. SOAK - Holding the temperature of
the wafer capsule. c . RAMP UP - Bringing the
temperature back up to room temperature. e . TEMPER
RAMP UP - Elevating the temperature to above ambient.
f . TEMPER HOLD - Holding the elevated temperature for
a period. A typical cryogenic cycle for the first
alternative embodiment of my pre sent invention begins
by ramping down the temperature of the wafer capsule
15 to 2.2 Kelvin over a period of twenty-four hours.
This will avoid thermally shocking the substrate
wafer(s) 18 contained within the wafer capsule(s) 15.
Typically, the soak segment will hold the temperature
of the wafer capsule 15 at 2.2 Kelvin for a
pre-determined period, in the case of the first
alternative embodiment of my invention, the soak
period will equal ninety-six hours. Dur ing the soak
segment of the process the temperature is maintained
at the low temperature of 2.2 Kelvin. Although the
bond lengths are condensing within the crystal
structure of the substrate wafer(s) 18 at this
temperature, the changes in bond lengths change at a
relatively slow rate and need time to occur. One of
the changes is the precipitation of a much finer, more
uniform, molecular structure for the substarte
wafer(s) 18. As cryogenic temperatures are reached for
the substrate wafer capsule(s) 15, there will be an
increase in the molecular alignment for the dipoles
moments that will form in the substrate wafer(s) 18 as
the direct result of having high-flux magnet disks 16
and 20 being present within the substrate wafer
capsule(s) 15. I believe that this greater than normal
amount of time for the soak process will provide more
time for the single crystal bonds to condense even
further as greater amounts of vibrational energy is
removedfrom the single crystal substrate wafer(s) 18
present within the substarte wafer capsule(s) 15. A
typical ramp up segment brings the temperature back up
to room tem perature. In the case of the first
alternative invention this can take about twenty-four
hours. The ramp up cycle is very important to the
process. Ramp ing up too fast can cause problems for
the substrate wafer(s) 18 being treated. A typical
temper segment ramps the temperature up to a
predetermined level over a predetermined period. This
is done by using the same type of tempering process as
is used in a quench and temper cycle in a heat-treat
annealing proc ess. Before the ramp up process can
proceed the substrate wafer(s) 18 are r e moved from
the wafer capsule(s) 15 and placed into a furnace like
the one d e scribed in the document entitled "Vertical
Access Zero Boiloff Rampable Su perconducting Magnet
System with Horizontal Field for Semiconductor Crystal
Growth," written by H.B. Jin, S.J. Choi, H.J. Kim,
H.H. Han, B.S. Park, B.G. Lee, K.D. Sim, Y.K. Kwon,
CH. Winter, and D. Healey, and published in the
proceedings of the 2002 Applied Superconductivity
Conference held in Hous ton, TX. Using a furnace
equipped with a superconducting magnet, we ramp up the
temperature to assure the temperature gradients within
the single crystal sub strate wafer(s) 18, while the
high magnetic field strengths provided by the su 



perconducting magnet is used to maintain molecular
alignment during the ramp up annealing process.
Tempering temperatures will range from 300F to HOO0F;
depending upon the single crystal material used to
construct the sub strate wafer(s) 18. In addition, the
temper hold segment assures that the entire substrate
wa fe s) 18 has had the benefit of the tempering
temperature. A typical temper hold time is about 3
hours, where the hold time period depends upon the
thick ness and diameter size of the substrate wafer(s)
18.Advantages From the above paragraphs, which
describe the additional and alternative embodiments of
my invention, several objects and advantages of the
present invention are made apparent as: (a) to provide
for epilayers and epilayered substrate wafer(s)
comprising column III-V compounds that are free from
point, dislocation, and other d e fects; (b) to
provide for larger diameter sizes (e.g., 10- to
12-inches) for single crystal boules of column III-V
compounds that are free from point, dislocation, and
other defects; (c) to provide for an apparatus and
method that is used to enhance the degree of molecular
alignment made to occur for a single crystal substrate
wafer(s) formed using column III-V compounds as
construction material. Operation In order to
understand the operation of my invention it' s
important to know a few facts regarding single crystal
materials and their defects; e.g., single crystal
materials typically have a very regular atomic
structure - that is, the local positions of their
atoms with respect to each other are repeated at the
atomic scale. The structural arrangements of these
atoms are normally called crystal lattice structures,
and their study is called crystallography. However,
single crystal materials are not perfect - that is,
the regular pattern of atomic arrangement is
interrupted by crystal defects. Larger defects in an
ordered structure are usually considered dislocation
loops. Non-uniform molecular structure (i.e.,
crystalographic defects) normally forms as the result
of high-temperature crystallographic growth and/or
deposition. In materials science, a dislocation is a
crystallographic defect, or irregularity, within a
crystal lattice structure. The presence of
dislocations strongly influences many of the
electronic and modulus properties of realcrystal
materials. Modern crystallography dislocation theory
was originally developed by Vito Volterra in 1905 . In
it Volterra explains that dislocations can be
visualised as being caused by the termination of a
plane of atoms in the middle of a crystal lattice. In
such a case, the surrounding planes are not straight,
but instead bend around the edge of the terminating
plane so that the crystal structure is perfectly
ordered on either side. The analogy used is that of a
stack of paper; wherein, half a piece of paper is
located in the stack of paper, and that the defect in
the stack is only noticeable at the edge of the half
sheet. Further, there are two primary types of
dislocation crystallographic defects: 1.) the
edge-dislocation and 2.) the screw-dislocation, with
mixed dislocations (i.e., equally comprising of both
edge and screw dislocations) being intermediate
between these. Mathematically, dislocations are a type
of topological defect, sometimes called a soliton by
those versed in the art. Mathematical theory further
explains why dislocations behave as stable particles -
that is to say, they can be moved about, while
maintaining their identity as they move. When two
dislocations of opposite orientation are brought
together they can cancel each other (this is known as
the process of annihilation); moreover, there is no
way a single dislocation can 'disappear' on its own.
Furthermore, a dislocation can be visualized by
cutting a crystal along a plane and slipping one half
across the other by a lattice vector. The halves will
fit back together without leaving a defect. But if the
cut only goes part way though the crystal, the
boundary of the cut will leave a defect, distorting
the nearby lattice. This boundary is the line of the
dislocation; the direction of the slip is called the
Burgers vector. Dislocations are normally labeled by
the angle between the dislocation line and the Burgers
vector. The special cases of 90 and 0 are known as
edge and screw dislocations. Further, the dislocations
present in real crystalline solids are generally mixed
rather than edge or screw; thus, the actual angles of
dislocations depend on the lattice structure of the
crystal. The Burgers vector for an edgedislocation is
perpendicular to the dislocation line in the case of
the edge, and parallel to it in the case of the screw.
In metallic materials, the Burgers vector is aligned
with close-packed crystallographic directions and its
magnitude is equivalent to one interatomic spacing.
Alternatively, edge dislocations can be visualised as
being formed by adding an extra half-plane of atoms to
a perfect crystal, so that a defect is created in the
regular crystal structure along the line where the
extra halfplane ends. Such visualisations can be
difficult to interpret. Initially, it can be helpful
to follow the process of simplification involved in
arriving at such representations. One approach is to
begin by considering a 3-d representation of a perfect
crystal lattice, with the atoms represented by
spheres. Further, the reader may then start to
simplify the representation by visualising planes of
atoms instead of the atoms themselves. Moreover, the
stresses caused by an edge dislocation are complex due
to its inherent asymmetry and i s described by three
equations, which are shown below as - mb y{3x2+y2) s =
2p {\-v) ( + )2 - mb y (c 2 - y 2 ) s " = 2p (l-v) c +
y 2f - mb c {c 2 - y 2 ) T . = where m is the shear
modulus of the material, b i s the Burgers vector, v
is Poisson's ratio and JC and y are coordinates. These
equations suggest a vertically oriented dumbbell of
stresses surrounding the dislocation, with compression
experienced by the atoms near the 'extra' plane, and
tension experienced by those atoms near the 'missing'
plane. Screw dislocations are more difficult to
visualize, but can be considered as being formed by
the insertion of a 'parking garage ramp' structure
that extends to the 'edges of the garage' into an
otherwise perfectly layeredstructure. Basically it
comprises a structure in which a helical path is
traced around the linear defect (i.e. , the
dislocation line) by the atomic planes in the crystal
lattice. Despite the difficulty in visualization, the
stresses caused by a screw dislocation are less
complex than those of an edge dislocation. These
stresses need only one equation, as symmetry allows
only one radial coordinate to be used, which is shown
below as 2p r where m is the shear modulus of the
material, b is the Burgers vector, and r is a radial
coordinate. This equation suggests a long cylinder of
stress radiating outward from the cylinder and
decreasing with distance. Please note, this simple
model results in an infinite value for the core of the
dislocation at r=0 and so it is only valid for
stresses outside of the core of the dislocation. When
a dislocation line intersects the surface of a
metallic material (e.g., GaAs, InP, InAs, GaP, and/or
GaN), the associated strain field locally increases
the relative susceptibility of the material to etching
and an etch pit of regular geometrical format results.
This explains why the production (e.g., coherent
structures formed in these materials using grey-scale
lithography) of coherent microscopic structure is
problematic for single crystal materials such as GaAs.
If the material is strained (i.e., deformed) and
repeatedly re-etched, a series of etch pits can be
produced, which can effectively trace the movement of
the dislocation in question. Transmission electron
microscopy can also be used to observe dislocations
within the microstructure of single crystal materials.
Whereby, thin foils of metallic samples are prepared
to render them transparent to the electron beam of the
microscope. The electron beam suffers diffraction by
the regular crystal lattice planes of the metal atoms
and the differing relative angles between the beam and
the lattice planes of each grain located in the
metal's microstructure result in image contrast (i.e.,
contrasts that occurs between grains of different
crystallographic orientation). The less regular atomic
structures of the grain boundaries and in the strain
fields arounddislocation lines have different
diffractive properties than the regular lattice lines
occuring within the grains and therefore, present
different contrast effects in the electron
micrographs. Dislocations are normally seen as dark
lines in the lighter, central, region of a micrograph.
Transmission electron micrographs of dislocations
typically utilize magnifications of 50,000 to 300,000
times (though the equipment itself offers a wider
range of magnifications than this). Some microscopes
also permit the in-situ heating and/or deformation of
samples; thereby, permitting the direct observation of
dislocation movement and their interactions. Please
note that the characteristic image contrast exhibited
by dislocation lines as they pass through the
thickness of the material is 'wiggly' in form. Further
note that a dislocation cannot end within a crystal;
thus, a dislocation can only be contained within a
crystal as a complete loop. Additionally, 'field ion
microscopy' and 'atom probe' techniques offer methods
of producing much higher magnifications (i.e.,
typically 3 million times and above) and permit the
observation of dislocations at an atomic level. Where
surface relief can be resolved to the level of an
atomic step, screw dislocations appear as distinctive
spiral features; thus, revealing an important
mechanism of crystal growth, where there is a surface
step, atoms can more easily add to the crystal, and
the surface step associated with a screw dislocation
is never destroyed no matter how many atoms are added.
By contrast, traditional optical microscopy, which is
not appropriate for the observation of dislocations,
because it typically offers magnifications up to a
maximum of only around 2000 times. After chemical
etching, small pits are 



formed, where the etching solution preferentially
attacks the more highly strained material around the
dislocations. Thus, the image features indicate points
at which dislocations intercept the sample surface. In
this way, dislocations in silicon, for example, can be
observed indirectly using an interference microscope,
where crystal orientation can be determined by the
shape of the dislocation observed (e.g., 100 - being
elliptical, and 111 - being pyramidal).In addition,
dislocation density in a material can be increased via
plastic deformation by the following relationship t a
pxl1 . Since the dislocation density increases with
plastic deformation, a mechanism for the creation of
dislocations must be activated in the material. Three
mechanisms for dislocation formation are formed by
homogeneous nucleation, by grain boundary initiation,
and by the interface that occurs between the lattice
and surface, precipitates, dispersed phases, and/or
reinforcing fibers. The creation of a dislocation by
homogeneous nucleation is a result of the rupture of
the atomic bonds along a line in the lattice (e.g.,
heating the middle of a steel bar allows the bar to be
bent at a location where the number of dislocations
has been greatly multiplied). Further, a plane in the
crystal lattice is sheared, resulting in two
oppositely faced half planes or dislocations.
Interestingly, these dislocations can move away from
each other through the lattice. Since homogeneous
nucleation forms dislocations from perfect crystals
and requires the simultaneous breaking of many bonds,
the energy required for homogeneous nucleation is very
high. For instance the stress required for homogeneous
nucleation in copper has been shown to be where G is
the shear modulus of copper (46 GPa). Solving for t/,o
, we see that the required stress is 3.4 GPa, which is
very close to the theoretical strength of the crystal.
Therefore, in conventional deformation homogeneous,
nucleation requires a very concentrated stress, and is
normally unlikely to occur. Grain boundary initiation
and interface interaction are more common sources of
dislocations. Irregularities at the grain boundaries
in single crystal materials can produce dislocations,
which propagate into the crystalite grain. The steps
and ledges at the grain boundary are an important
source of dislocations in theearly stages of plastic
deformation. Due to the small steps on the surface of
most crystals, stress in certain regions on the
surface is much larger than the average stress in the
lattice; thus, the surface (i.e., surface tension) of
a crystal can produce dislocations (single crystal
growth in micro-gravity enviroments is currently being
investigated). Further, once produce, the dislocations
can undergo propagation into the crystal lattice in
the same manner as in 'grain boundary initiation' . In
monocrystals, the majority of dislocations are formed
at the surface. The dislocation density 200- mm into
the surface of a material has been shown to be six
times higher than the density in the bulk. However, in
polycrystalline materials (e.g., such as steel) the
surface sources cannot have a major effect, because
most of the grains are not in contact with the
surface. Additionally, the interface that occurs
between a metal and an oxide can greatly increase the
number of dislocations created. The oxide layer puts
the surface of the metal in tension because the oxygen
atoms squeeze into the lattice, and the oxygen atoms
are under compression. This greatly increases the
stress on the surface of the metal and consequently
the amount of dislocations formed at the surface. The
increased amount of stress on the surface steps
results in an increase of dislocations. Until the
1930s, one of the enduring challenges of materials
science was to explain plasticity in microscopic
terms. A naive attempt to calculate the shear stress
at, which neighbouring atomic planes slip over each
other in a perfect crystal suggests that, for a
material with shear modulus G, shear strength tm is
given approximately by G As shear modulus in metals is
typically within the range 20,000 to 150,000 MPa, this
is difficult to reconcile with shear stresses in the
range 0.5 to 10 MPa observed to produce plastic
deformation in experiments. In 1934, Egon Orowan,
Michael Polanyi and G. I . Taylor, roughly
simultaneously,realized that plastic deformation could
be explained in terms of the theory of dislocations.
Dislocations can move if the atoms from one of the
surrounding planes break their bonds and rebond with
the atoms at the terminating edge. Even a simple model
of the force required to move a dislocation shows that
shear is possible at much lower stresses than in a
perfect crystal. Hence, the characteristic
malleability of metals. When metals are subjected to
'cold working' (i.e., the deformation of material at
temperatures, which are relatively low as compared to
the material's absolute melting temperature Tm; i.e.,
typically less than 0.3 Tm) the dislocation density
increases due to the formation of new dislocations and
dislocation multiplication. The consequent increasing
overlap between the strain fields of adjacent
dislocations gradually increases the resistance to
further dislocation motion. This causes a hardening of
the metal as deformation progresses. This effect is
known as strain hardening (sometimes called 'work
hardening'). Tangles of dislocations are found at the
early stage of deformation and appear as non
well-defined boundaries; thus, the process of dynamic
recovery leads eventually to the formation of a
cellular structure containing boundaries with
misorientation lower than 15 (i.e., low angle grain
boundaries). The effects of strain hardening by
accumulation of pinned dislocations and the grain
structure formed at high strain can be removed by
appropriate heat treatment (annealing), which promotes
the recovery and subsequent recrystallisation of the
material. Dislocations can slip in planes containing
both the dislocation and the Burgers Vector. For a
screw dislocation, the dislocation and the Burgers
vector are parallel, so the dislocation may slip in
any plane containing the dislocation. For an edge
dislocation, the dislocation and the Burgers vector
are perpendicular, so there is only one plane in which
the dislocation can slip. There is an alternative
mechanism of dislocation motion, fundamentally
different from slip, that allows an edge dislocation
to move out of its slip plane, known as dislocation
climb.Dislocation climb allows an edge dislocation to
move perpendicular to its slip plane. The driving
force for dislocation climb is the movement of
vacancies through a crystal lattice. If a vacancy
moves next to the boundary of the extra half plane of
atoms that forms an edge dislocation, the atom in the
half plane closest to the vacancy can 'jump' and fill
the vacancy. This atom shift 'moves' the vacancy in
line with the half plane of atoms, causing a shift, or
positive climb, of the dislocation. The process of a
vacancy being absorbed at the boundary of a half plane
of atoms, rather than created, is known as negative
climb. Since dislocation climb results from individual
atoms 'jumping' into vacancies, climb occurs in single
atom diameter increments. During positive climb, the
crystal shrinks in the direction perpendicular to the
extra half plane of atoms because atoms are being
removed from the half plane. Since negative climb
involves an addition of atoms to the half plane, the
crystal grows in the direction perpendicular to the
half plane. Therefore, compressive stress in the
direction perpendicular to the half plane promotes
positive climb, while tensile stress promotes negative
climb. This i s one main difference between slip and
climb, since slip is caused by only shear stress. One
additional difference between dislocation slip and
climb is the temperature dependence. Climb occurs much
more rapidly at high temperatures than low
temperatures due to an increase in vacancy motion.
Slip, on the other hand, has only a small dependence
on temperature. It should be obvious to the reader
that crystallographic defects can be moved about,
sometimes, even annihilated. The reason behind this
movement lies in the fact that during high temperature
crystallization, single crystal materials, such as Si,
Ge, GaAs, InP, GaN, GaP, InAs, form crystallographic
planes (i.e., being stacked plane upon plane) that are
connected (i.e., one plane to another) via weak Van
der Waal bonds. This explains why slipping occurs
between these crystallographic planes. However, when a
single crystal material is treated with a temperature
that ranges from 77K to 2.2K the weak Van der Waal
bonds connecting its crystallographic planes become
greatly condensed (i.e. , shortened),
therebyincreasing bond energy to become bonds that
exhibit the strength and behavior normally reserved
for strongly covalent and/or ionic molecular bonds.
The molecules that normally comprise single crystal
material have a bond structures that can be analogous
to a pair of atoms connected by a spring (i.e. , an
molecular oscillator) that can aquire bond lengthening
vibrational energy through collisions with other
particles. Consequently, the length of any molecular
bond depends upon the 'vibrational energy' present
within the bond. Conclutions, Ramifications, and Scope
The present invention provides for an inexpensive
means to create semiconductor substrate wafers,
semiconductor epilayers, semiconductor substrate
boules, and other semiconductor structures that are
larger, stronger, and altogether free from point,
vacancy, dislocation, and other crystallographic
defects.WHAT I CLAIM A method of cryogenically
treating substrate wafers constructed from material
taken from columns III - V of the periodic table,
comprising: (a) lowering the temperature of a
substrate wafer to cryogenic levels, (b) holding said
temperature of said wafer at said cryogenic levels,
(c) bringing the temperature of said wafer back up to
room temperature, (d) elevating the temperature of
said wafer to above ambient, (e) holding said
temperature of said wafer for a period, (f) returning
the temperature of said wafer to said room
temperature, whereby the cryogenic treatment of said
substrate wafers provides for the elimination of
point, dislocation, vacancy, and other
crystallographic defects from said substrate wafers. 


