
SYNTHETIC SURFACES FOR CULTURING CELLS IN CHEMICALLY
DEFINED MEDIA RELATED APPLICATION(S) [0001] This
Application claims the benefit of U.S. Provisional
Application Serial No. 61/062,890 filed January 30,
2008 and entitled "Synthetic Surfaces for Culturing
Undifferentiated Stem Cells in Chemically Defined
Media" and U.S. Provisional Application Serial No.
61/062,937 filed January 30, 2008 and entitled "Stem
Cell Article and Screening." FIELD [0002] The present
disclosure relates to cell culture articles, and more
particularly to articles for supporting the culture of
undifferentiated stem cells in a chemically defined
medium. BACKGROUND [0003] Pluripotent stem cells such
as human embryonic stem cells (hESCs) have the ability
to differentiate into any of the three germ layers,
giving rise to any adult cell type in the human body.
This unique property provides a potential for
developing new treatments for a number of serious cell
degenerative diseases, such as diabetes, spinal chord
injury, heart diseases and the like. However there
remain obstacles in the development of such hESC-based
treatments. Such obstacles include obtaining and
maintaining adequate numbers of undifferentiated hESCs
in cell and tissue culture and controlling their
differentiation in order to produce specific cell
types. Stem Cell Cultures, such as hESC cell cultures
are typically seeded with a small number of cells from
a cell bank or stock and then amplified in the
undifferentiated state untildifferentiation is desired
for a given therapeutic application. To accomplish
this, the hESC or their differentiated cell
populations are currently cultured in the presence of
surfaces or media containing animal-derived
components, such as feeder layers, fetal bovine serum,
or MATRIGEL(tm). These animal-derived additions to the
culture environment expose the cells to potentially
harmful viruses or other infectious agents which could
be transferred to patients or compromise general
culture and maintenance of the hESCs. In addition,
such biological products are vulnerable to batch
variation, immune response and limited shelf-life.
[0004] While undifferentiated stem cells have been
grown in chemically defined media on animal-derived
surfaces such as MATRIGEL(tm) and proteins such as
serum proteins or extra-cellular matrix proteins, to
date, a completely animal product free system
employing a chemically defined medium and a synthetic
non-protein surface has not been identified for
long-term culturing of undifferentiated stem cells.
BRIEF SUMMARY [0005] The present disclosure describes
synthetic surfaces that may be useful in the culture
of eukaryotic cells including stem cells and
undifferentiated stem cells in chemically defined
media. Undifferentiated stem cells may remain
undifferentiated for 5, 7, 10 or more passages when
cultured on the synthetic substrates. [0006] In
various embodiments, a cell culture article includes a
substrate having a surface. A swellable (meth)acrylate
layer is disposed on the surface of the substrate. The
swellable (meth)acrylate layer is formed from a
composition that includes a carboxyl group-containing
(meth)acrylate monomer, a cross-linking (di- or
higher-functional) (meth)acrylate monomer, and a
hydrophilic monomer capable of polymerizing with the
carboxyl group-containing (meth)acrylate monomer and
the cross-linking (meth)acrylate monomer. The
swellable (meth)acrylate layer has an equilibrium
water content in water of between about 5% and about
70%. A peptide is conjugated to the swellable
(meth)acrylate layer. The peptide contains an RGD
amino acid sequence. The cell culture article may
support culture and maintenance ofundifferentiated
stem cells, such as human embryonic stem cells, in a
chemically defined medium. [0007] In various
embodiments, a method for producing a cell culture
article includes disposing monomers on a substrate
surface of the cell culture article. The monomers
disposed on the surface include a carboxyl
group-containing (meth)acrylate monomer, a
cross-linking (meth)acrylate monomer, and a
hydrophilic monomer capable of polymerizing with the
carboxyl group-containing (meth)acrylate monomer and
the cross-linking (meth)acrylate monomer. The method
further includes polymerizing the monomers on the
substrate surface to form a swellable (meth)acrylate
layer having an equilibrium water content in water of
between about 5% and about 70%. The method also
includes conjugating to the swellable (meth)acrylate
layer a peptide which may be an RGD-containing
polypeptide. [0008] One or more of the various
embodiments presented herein provide one or more
advantages over prior surfaces for culturing stem
cells, particularly undifferentiated stem cells. For
example, the synthetic surfaces reduce potential
contamination issues associated with surfaces having
components obtained from or derived from animal
sources. Such surfaces may also provide for improved
shelf life compared to those surfaces with biological
components. The ability to culture undifferentiated
stem cells in chemically-defined media further reduces
potential contamination issues hi addition, there will
likely be less batch to batch variation in the
performance capability of the synthetic surfaces or
chemically defined media, resulting in improved
reproducibility of culture results and expectations.
These and other advantages will be readily understood
from the following detailed descriptions when read in
conjunction with the accompanying drawings BRIEF
DESCRIPTION OF THE DRAWINGS [0009] FIGs. IA-B are
schematic diagrams of side views of synthetic
swellable (meth)acrylate layer coated articles.[0010]
FIG. 2A-C are schematic diagrams of cross sections of
cell culture articles having a well. Uncoated (2A);
coated surface (2B); and coated surface and side walls
(2C). [0011] FIG. 3A is an image of fluorescence
intensity of polypeptide conjugated to 1 micrometer
thick layers of swellable (meth)acrylate coating in a
multi-well plate. [0012] FIG. 3B is an image of
fluorescence intensity of polypeptide conjugated to
0.1 micrometer thick layers of swellable
(meth)acrylate coating in a multi-well plate. [0013]
FIG. 3C is a graph of polypeptide concentration vs.
fluorescence intensity for polypeptides coated on 1
micrometer or 0.1 micrometer thick surfaces. [0014]
FIG. 4 is a graph of polypeptide concentration vs.
absorbance at 570 nm for data obtained from a
QuantiPro BCA assay. [0015] FIG. 5 is a graph of
polypeptide concentration vs. absorbance at 570 nm
normalized to laminin, showing a results from an assay
designed to determine the adherence of HT-1 080 cells
to various substrates. [0016] FIG. 6 is a graph
illustrating the relative number of undifferentiated
bJESC (by AttoPhos fluorescence intensity) cultured in
a chemically defined medium on swellable
(meth)acrylate substrates having particular conjugated
polypeptides. [0017] FIGs. 7A-C are images of colonies
of undifferentiated human embryonic stem cells
cultured in a chemically defined medium on a
MATRIGEL(tm) substrate (A), a swellable (meth)acrylate
with conjugated peptide (SEQ ID NO:4) (as identified
in FIG. 6) (B), or swellable (meth)acrylate alone (C).
[0018] FIG. 8 is a graph illustrating the relative
number of undifferentiated human embryonic stem cells
(by AttoPhos fluorescence intensity) cultured in a
chemically defined medium on a swellable
(meth)acrylate conjugated with varying concentrations
of peptide (SEQ ID NO:4) (as identified in FIG. 6).
[0019] FIG. 9 is a graph illustrating the relative
number of undifferentiated human embryonic stem cells
(by AttoPhos fluorescence intensity) cultured in a
chemically defined medium cultured on embodiments of
swellable (meth)acrylate substrates.[0020] FIGs. 1OA
and 1OB are bar graphs illustrating the relative
number of undifferentiated H7 hES cells (by AttoPhos
fluorescence intensity) under chemically defined
medium condition on embodiments of swellable
(meth)acrylate formulations after conjugated with
peptide Ac-KGGNGEPRGDTYRAY-NH 2 (SEQ ID NO:4). [0021]
FIG. 11 is a bar graph illustrating the relative
number of undifferentiated H7 hES cells (by AttoPhos
fluorescence intensity) cultured on 10-, 100- and
1000- concentrations of 1-FN (SEQ ID NO:12), s-FN (SEQ
ID NO:1 1) and Ac- KGGNGEPRGDTYRAY-NH 2 (SEQ ID NO:4)
conjugated to embodiments of swellable (meth)acrylate
coatings. [0022] FIG. 12 is a bar graph showing
relative HT-1 080 attachment (via OD 570nm) to di
sulfide bonded, cyclized polypeptides conjugated to a
swellable (meth)acrylate layer. [0023] FIG. 13 is a
bar graph showing relative HT-1 080 attachment (via OD
570nm) to amide bonded, cyclized polypeptides
conjugated to a swellable (meth)acrylate layer. [0024]
FIG. 14 is a bar graph illustrating the relative
number of undifferentiated H7 hES cells (by AttoPhos
fluorescence intensity) cultured on a swellable
(meth)acrylate layer with conjugated amide bonded,
cyclized polypeptides. [0025] FIG. 15 is a bar graph
illustrating the relative number of undifferentiated
H7 hES cells (by AttoPhos fluorescence intensity)
cultured on a swellable (meth)acrylate layer with
conjugated di-sulfide bonded, cyclized polypeptides.
[0026] FIG. 16 is a graph showing the doubling time
for undifferentiated H7 hESCs cultured under
chemically-defined, animal produce free medium
conditions on a MATRIGEL(tm) (MG) surface, a swellable
(meth)acrylate layer with conjugated defined
RGD-containing peptide (SEQ ID NO:4) (BSP), and a
swellable (meth)acrylate layer with conjugated defined
RGD-containing peptide with a linker (BSP-PE04).
[0027] FIGs. 17A-C are images comparing the
survival/proliferation of human mesenchymal stem cells
(hMSC) on SAP-BSP peptide-acrylate with standard TCT
plastic cell culture ware on day 7 post-seeding.[0028]
FIG. 18 is a bar graph showing a comparison of hMSC
cell number on TCT and SAP-BSP after 7 days in culture
under different media conditions including defined
media. [0029] FIG. 19 is a graph showing a comparison
of the H7 hESCs doubling time when cultured on an
embodiment of the cell culture surface of the present
invention compared to MATRIGEL(tm) coating across 10
passages. [0030] FIG. 20 shows the results of flow
cytometry analyses of hESC-specific markers for H7
hESC cultured on MATRIGEL(tm) control or SAP-BSP
surface for 10 passages. [0031] FIG. 21A is a
fluorescence image showing actinin and Nkx2.5+
staining for cardiomyocytes differentiated on SAP-BSP
peptide conjugated acrylate surfaces. FIG. 21B shows
flow cytometry data for aActinin and FIG. 21C shows
flow cytometry data for Nkx2.5 cardiomyocytes
differentiated from H7 hESC on an embodiment of the
cell culture surface of the present invention. [0032]
FIG. 22 is a bar graph comparing HT1080 cell
proliferation (via absorbance at 490nm) data of
HT-108-cells on TCT, SAP-BSP surface, in the presence
and absence of serum. [0033] FIG. 23 are images
comparing the morphology of HT-1080 cells on TCT and
(meth)acrylate coating and BSP conjugated coatings in
the presence and absence of serum. [0034] FIG. 24 is a
bar graph comparison of the estimated number of viable
cells (absorbance of LDH activity) on SA-Ps, Collagen
I and CeIlBind(r) treated Topas(tm). [0035] The
drawings depicted in FIGs. 1-2 are not necessarily to
scale. Like numbers used in the FIGs. 1-2 refer to
like components. However, it will be understood that
the use of a number to refer to a component in a given
figure is not intended to limit the component in the
other figure labeled with the same number. In
addition, the use of different numbers to refer to
components is not intended to indicate that the
different numbered components cannot be the same or
similar.DETAILED DESCRIPTION [0036] In the following
detailed description, reference is made to the
accompanying drawings that form a part hereof, and in
which are shown by way of illustration several
specific embodiments of devices, systems and methods.
It is to be understood that other embodiments are
contemplated and may be made without departing from
the scope or spirit of the present disclosure. The
following detailed description, therefore, is not to
be taken in a limiting sense. [0037] All scientific
and technical terms used herein have meanings commonly
used in the art unless otherwise specified. The
definitions provided herein are to facilitate
understanding of certain terms used frequently herein
and are not meant to limit the scope of the present
disclosure. [0038] As used in this specification and
the appended claims, the singular forms "a", "an", and
"the" encompass embodiments having plural referents,
unless the content clearly dictates otherwise. As used
in this specification and the appended claims, the
term "or" is generally employed in its sense including
"and/or" unless the content clearly dictates
otherwise. [0039] As used herein, "providing" an
article in the context of a method means producing,
purchasing, fabricating, supplying or otherwise
obtaining the article so that the article may be used
in the method. [0040] Peptide sequences are referred
to herein by their one letter and by their three
letter codes. These codes may be used interchangeably.
[0041] As used herein, "monomer" means a compound
capable of polymerizing with another monomer,
(regardless of whether the "monomer" is of the same or
different compound than the other monomer), which
compound has a molecular weight of less that about
1000 Dalton. In many cases, monomers will have a
molecular weight of less than about 400 Dalton.[0042]
As used herein, "synthetic coating" or "synthetic
polymeric layer" means a layer of polymer material
disposed on a cell culture substrate. The polymeric
coating does not include animal-derived materials or
ingredients. For example, a synthetic coating does not
have proteins isolated from an animal source. In
embodiments, swellable (meth)acrylate layers (SA
layers) as described herein provide a synthetic
coating. In embodiments, a suitable adhesion
polypeptide or combinations of polypeptides may be
conjugated to the synthetic coating layer forming
swellable(meth)acrylate- peptide conjugated layers
(SAP layers). [0043] As used herein "peptide" and
"polypeptide" mean a sequence of amino acids that may
be chemically synthesized or may be recombinantly
derived, but that are not isolated as entire proteins
from animal sources. For the purposes of this
disclosure, peptides and polypeptides are not whole
proteins. Peptides and polypeptides may include amino
acid sequences that are fragments of proteins. For
example peptides and polypeptides may include
sequences known as cell adhesion sequences such as
RGD. In some embodiments, the peptides of the present
invention are between three and 30 amino acids in
length. In some embodiments, the peptides of the
present invention are 15mers, 12mers, lOmers or the
like hi embodiments, peptides may include linker
sequences such as KGG (LysGlyGly) or KYG (LysTyrGly)
which provide a Lys residue which may provide a
functional group for conjugation of the peptide.
Peptides may be acetylated (e.g. Ac-LysGlyGly) or
amidated (e.g.SerLysSer-NH 2) to protect them from
being broken down by, for example, exopeptidases. It
will be understood that these modifications are
contemplated when a sequence is disclosed. In
additional embodiments, peptides may be conjugated to
spacer moieties such as PEO. PEO may be present as,
for example, PEO4 or PEO12 or any length spacer.
[0044] As used herein, a "(meth)acrylate monomer"
means a compound having at least one ethylenically
unsaturated moiety (an acrylate moiety or a
methacrylate moiety). "Poly(meth)acrylate", as used
herein, means a polymer formed from one or more
monomers including at least one (meth)acrylate
monomer. [0045] The term "hydrogel" has been used to
describe cell culture surfaces. "Hydrogel" has been
variously defined to include a gel or gelatin that can
absorb water in an amountgreater than or equal to 30%
or up to 10,000% of its dry weight. When contacted
with water, hydrogels swell but do not dissolve. The
term "hydrogel" is a very broad term, describing a
wide range of materials, having a wide range of water
swelling and water absorbing characteristics. 



[0046] As used herein, "swellable (meth)acrylate" or
"SA" means a polymer matrix made from at least one
ethylenically unsaturated monomer (acrylate or
methacrylate monomers) having at least some degree of
cross linking, and also having water absorbing or
water swelling characteristics. Swellable
(meth)acrylates may be synthetic. That is, they do not
contain ingredients that are derived from animals or
animal extracts. Swellable (meth)acrylates may be
conjugated to polypeptides or proteins ("swellable
(meth)acrylate - polypeptide", "SA - polypeptide" or
"SAP"). Polypeptides or peptides are fragments of
proteins and may be synthesized, making them
synthetic, non-animal-derived materials. Proteins may
be isolated from animalderived material. This SA and
SAP material may be referred to as a layer, a coating,
a surface, a material, or any other term known in the
art to refer to a surface suitable for cell culture.
The particular polypeptide sequence may be further
identified. For example, a SAP surface may be
conjugated with a RGD-containing polypeptide and may
be identified as SAP-RGD. Or, a SAP surface may be
conjugated to a particular RGD-containing peptide, for
example KGGNGEPRGDTYRAY (SEQ ID NO:4), incorporates
the RGD adhesion epitope of Bonesialo protein (BSP)
from mouse may be conjugated to a swellable
(meth)acrylate polymer (SAP) to form an SAP-BSP
coating. In embodiments of the present disclosure, the
term "swellable (meth)acrylate" represents a range of
cross-linked acrylate or methacrylate materials which
absorb water, swell in water, and do not dissolve in
water. This waterabsorbing characteristic can be
described and measured by equilibrium water content
(EWC) as shown by Formula 1: Formula 1: EWC (%) =
[(Wgel - Wdry) / (Wgel)] * 100. [0047] As used herein,
"have", "having", "include", "including", "comprise",
"comprising" or the like are used in their open ended
sense, and generally mean "including, but not limited
to". It will be understood that "consisting
essentially of, "consisting of, andthe like are
subsumed in "comprising" and the like. Accordingly, a
SA surface formed from a mixture of monomers
comprising a hydrophilic monomer, a crosslinking
monomer and a carboxyl group-containing monomer may be
formed from a mixture consisting essentially of, or
consisting of, a hydrophilic monomer, a crosslinking
monomer and a carboxyl group-containing monomer.
[0048] The present disclosure describes, inter alia,
articles having synthetic surfaces for culturing
undifferentiated stem cells. The surfaces may support
proliferation and maintenance of undifferentiated stem
cells in chemically defined media. [0049] 1. Cell
Culture Article [0050] Referring to FIG. IA, a
schematic diagram of a side view of an article 100 for
culturing cells is shown. The article 100 includes a
base material substrate 10 having a surface 15. A
swellable (meth)acrylate coating layer 20 is disposed
on the surface 15 of the substrate or base material
10. While not shown, it will be understood that
swellable (meth)acrylate coating 20 may be disposed on
a portion of substrate or base material 10. The
substrate or base material 10 may be any material
suitable for culturing cells, including a ceramic
substance, a glass, a plastic, a polymer or co
polymer, any combinations thereof, or a coating of one
material on another. Such substrate or base materials
10 include glass materials such as soda-lime glass,
pyrex glass, vycor glass, quartz glass; silicon;
plastics or polymers, including dendritic polymers,
such as poly(vinyl chloride), poly(vinyl alcohol),
poly(methyl methacrylate), poly(vinyl
acetate-co-maleic anhydride), poly(dimethylsiloxane)
monomethacrylate, cyclic olefin polymers, fluorocarbon
polymers, polystyrenes, polypropylene,
polyethyleneimine; copolymers such as poly(vinyl
acetate-co-maleic anhydride), poly(styrene-co-maleic
anhydride), poly(ethylene-co-acrylic acid) or
derivatives of these or the like. [0051] As used
herein, "cyclic olefin copolymer" means a polymer
formed from more than one monomer species, where at
least one of the monomer species is a cyclic olefin
monomer and at least one other monomer species is not
a cyclic olefin monomer species. In many embodiments,
cyclic olefin copolymers are formed from ethyleneand
norbonene monomers. Cyclic olefin copolymer resins are
commercially available with trade name of TOPAS(r)
from Boedeker Plastics, Inc. [0052] Examples of
articles 100 suitable for cell culture include single
and multi-well plates, such as 6, 12, 96, 384, and
1536 well plates, jars, petri dishes, flasks,
multi-layered flasks, beakers, plates, roller bottles,
slides, such as chambered and multichambered culture
slides, tubes, cover slips, bags, membranes, hollow
fibers, beads and microcarriers, cups, spinner
bottles, perfusion chambers, bioreactors, CellSTACK(r)
and fermenters. [0053] Swellable (meth)acrylate (SA)
coating 20 provides a surface 25 on which one or more
polypeptides 70 may be conjugated. Of course, the one
or more polypeptides 70 may also be conjugated to the
SA layer 20 at locations beneath the surface 25. As
used herein, "conjugated" means covalently bound.
Covalent binding of polypeptide 70 to SA layer 20 may
occur through a linker. The polypeptide 70 may be
cyclic or linear, or may contain portions that are
cyclic and portions that are linear. [0054] For the
purposes of this disclosure "peptide" and
"polypeptide" can be used interchangeably. Any
suitable SA coating 20 may be applied to or formed on
the surface 15 of the substrate 10. In various
embodiments, the SA coating comprises, consists
essentially of, or consists of, reaction products of
one or more hydrophilic (meth)acrylate monomer, one or
more di- or higher-functional (meth)acrylate monomer
("cross-linking" (meth)acrylate monomer), and one or
more carboxyl group-containing monomers. Any suitable
hydrophilic (meth)acrylate monomer may be employed.
Examples of suitable hydrophilic (meth)acryate
monomers include 2- hydroxyethyl methacrylate,
di(ethylene glycol)ethyl ether methacrylate, ethylene
glycol methyl ether methacrylate, and the like. In
various embodiments, hydrophilic monomers other than
(meth)acrylates may be used to form the SA coating.
These other hydrophilic monomers may be included in
addition to, or in place of, hydrophilic
(meth)acrylate monomers. Such other hydrophilic
monomers should be capable of undergoing polymerizing
with (meth)acrylate monomers in the mixture used to
form the swellable (meth)acrylate layer 20. Examples
of other hydrophilic monomers that may be employed to
form the SA coating include l-vinyl-2-pyrrolidone,
acrylamide, 3-sulfopropyldimethyl-3-me
ylacrylamideopiOpylammonium, and the like. Regardless
of whether a (meth)acrylate monomer or other monomer
is employed, a hydrophilic monomer, in various
embodiments, has a solubility in water of 1 gram or
more of monomer in 100 grams of water. Any suitable
di- or higher-functional (meth)acrylate monomer, such
as tetra(ethylene glycol) dimethacrylate or
tetra(ethylene glycol) diacrylate, may be employed as
a cross-linking monomer. Any suitable (meth)acrylate
monomer having a carboxyl functional group available
for conjugating with a polypeptide 70 after the
monomer is incorporated into the SA coating 20 by
polymerization may be employed. The carboxyl
functional group enables conjugation of a peptide or
polypeptide using NHS/EDC chemistry. Examples of
suitable carboxyl group-containing (meth)acrylate
include 2-carboxyethyl acrylate and acrylic acid.
[0055] In various embodiments, the SA layer 20 is
formed from monomers comprising (by percent volume):
hydrophilic (meth)acrylate monomer (-60-90), carboxyl
groupcontaining (meth)acrylate monomer (-10-40), and
cross-linking (meth)acrylate monomer (-1-10),
respectively. It will be understood that the
equilibrium water content (EWC) of the SA layer may be
controlled by the monomers chosen to form the SA
layer. For example, a higher degree of hydrophilicity
and a higher percentage of the hydrophilic monomer
should result in a more swellable SA layer with a
higher EWC. However, this may be attenuated by
increasing the percentage, or increasing the
functionality, of the cross-linking monomer, which
should reduce the ability of the SA layer to swell and
reduce the EWC. [0056] In various embodiments, the
specific monomers employed to form the SA layer and
their respective weight or volume percentages are
selected such that the resulting SA layer has an EWC
of between about 5% and about 70%. Due in part to the
use of a carboxyl containing monomer in the SAs of
various embodiments described herein, the EWC may be
pH dependent. For example, the EWC of particular SAs
may be higher in phosphate buffer (pH 7.4) than in
distilled, deionized water (pH -5). In various
embodiments, the EWC of an SA layer in distilled,
deionized water is the EWC (in water) of SAs of the
present invention may range between 5% and 70%,
between 5% and 60%, between 5% and 50%, between 5 and
40%, between 5% and35%, between 10% and 70%, between
10% and 50% between 10 and 40%, between 5% and 35%,
between 10% and 35% or between 15% and 35% in water.
In further embodiments, after the swellable
(meth)acrylates have been conjugated with peptides
(SAP), the EWC of embodiments of SAPs of the present
invention may be, for example, between 10 - 40% in
water (data not shown). [0057] In cell culture,
prepared surfaces are exposed to an aqueous
environment for extended periods of time. Surfaces
that absorb significant water, surfaces that are
highly hydrogel-like, may tend to delaminate from a
substrate when exposed to an aqueous environment. This
may be especially true when these materials are
exposed to an aqueous environment for extended periods
of time, such as for 5 or more days of cell culture.
Accordingly, it may be desirable for SA and SAP layers
to have lower EWC measurements, so that they do not
absorb as much water, to reduce the likelihood of
delaminating. For example, SA surfaces having an EWC
below 40% may be particularly suitable for supporting
cells in culture, including human embryonic stem
cells. [0058] It will be understood that the
conjugation of a polypeptide 70 to an SA layer 20 may
affect the swellability and equilibrium water content
(EWC) of the SA layer, generally increasing the EWC.
The amount of polypeptide conjugated to SA layers
tends to be variable and can change depending on the
thickness of the SA layer. Accordingly, the EWC of a
SA-polypeptide layers prepared in accordance with a
standard protocol may be variable. For purposes of
reproducibility, it may be desirable to measure the
EWC of SA layers prior to conjugation with a
polypeptide. With this noted, in some embodiments,
after the SAs have been conjugated with polypeptides
(SA-polypeptide), the EWC of embodiments of
SA-polypeptide layers may be between about 10% and
about 40% in water. [0059] In various embodiments, the
SA layer 20 includes polymerized (meth)acrylate
monomers formed from a mixture including hydroxyethyl
methacrylate, 2- carboxyethylacrylate, and
tetra(ethylene glycol) dimethacrylate. In numerous
embodiments, the ratio (by volume) of hydroxyethyl
methacrylate, 2- carboxyethylacrylate, and
tetra(ethylene glycol) dimethacrylate used to form the
SAlayer 20 is about 80/20/3 (v/v/v), respectively. In
some embodiments, the SA is formulated using the
following liquid aliquots of monomers (by volume):
hydroxyethyl methacrylate (-60-90),
2-carboxyethylacrylate (-10-40), and tetra(ethylene
glycol) dimethacrylate (-1-10), respectively. In
numerous embodiments, the SA layer 20 consists
essentially of polymerized hydroxyethyl methacrylate,
2-carboxyethylacrylate, and tetra(ethylene glycol)
dimethacrylate monomers. In various embodiments, the
SA layer 20 is substantially free of polypeptide
crosslinkers. [0060] In numerous embodiments, the SA
is formulated using the monomers (by volume for liquid
monomers or weight for solid monomers): Monomer X
(80), 2- carboxyethylacrylate (20), and tetra(ethylene
glycol) dimethacrylate (3). Monomer X is:
Hydroxypropyl methacrylate, 2-Hydroxyethyl acrylate,
l-vinyl-2-pyrrolidone, di(ethylene glycol) ethyl ether
methacrylate, acrylamide, ethylene glycol methyl ether
methacrylate, or 3-sulfopropy
ldimethy1-3-methacrylamidopropyl- ammonium. [0061] Any
suitable polypeptide 70 may be conjugated to the SA
layer 20. Preferably, polypeptide 70 includes an amino
acid capable of conjugating to the SA layer 20; e.g.
via the free carboxyl group formed from the carboxyl
group-containing (meth)acrylate monomer. By way of
example, any native or biomimetic amino acid having
functionality that enables nucleophilic addition; e.g.
via amide bond formation, may be included in
polypeptide 70 for purposes of conjugating to SA layer
20. Lysine, homolysine, ornithine, diaminoproprionic
acid, and diaminobutanoic acid are examples of amino
acids having suitable properties for conjugation to a
carboxyl group of the SA layer 20. In addition, the
N-terminal alpha amine of a polypeptide may be used to
conjugate to the carboxyl group, if the N-terminal
amine is not capped. In various embodiments, the amino
acid of polypeptide 70 that conjugates with the SA
layer 20 is at the carboxy terminal position or the
amino terminal position of the polypeptide 70. [0062]
In numerous embodiments, the polypeptide 70, or a
portion thereof, has cell adhesive activity; i.e.,
when the polypeptide 70 is conjugated to the SA layer,
the peptide allows a cell to adhere to the surface
containing the SA-P layer. By way of example,the
polypeptide 70 may include an amino sequence, or a
cell adhesive portion thereof, of collagen, keratin,
gelatin, fibronectin, vitronectin, laminin, or the
like. In various embodiments, polypeptide 70 includes
an amino acid sequence of YaaiXaanArgGlyAspXaamYaai
(SEQ ID NO:1) (RGD) where Xaa and Yaa represent any
amino acid, synthetic or naturally occurring and n and
m can be any integer including 0. SA layers as
described herein provide a synthetic surface to which
any suitable adhesion polypeptide or combinations of
polypeptides may be conjugated, providing an
alternative to biological substrates or serum that
have unknown components. In current cell culture
practice, it is known that some cell types require the
presence of a biological polypeptide or combination of
peptides on the culture surface for the cells to
adhere to the surface and be sustainably cultured. For
example, HepG2/C3A hepatocyte cells can attach to
plastic culture ware in the presence of serum. It is
also known that serum can provide polypeptides that
can adhere to plastic culture ware to provide a
surface to which certain cells can attach. However,
biologically-derived substrates and serum contain
unknown components. For cells where the particular
component or combination of components (peptides) of
serum or biologically-derived substrates that cause
cell attachment are known, those known peptides can be
synthesized and applied to an SA layer as described
herein to allow the cells to be cultured on a
synthetic surface having no or very few components of
unknown origin or composition. [0063] In some
embodiments, peptide 70 includes an amino acid
sequence of YaaiXaanArgGlyAspXaa mYaai (SEQ ID NO:1),
where n is an integer of 0 to 4, m is an integer of 0
to 5, 1is 0 or 1 provided that the peptide 70 includes
at least one Yaa, each Xaa is independently any native
or biomimetic amino acid, and Yaa is any native or
biomimetic amino acid, where either Xaa or Yaa has
functionality that enables nucleophilic addition; e.g.
via amide bond formation, to a free carboxyl group of
SA surface. In various embodiments, Xaa or Yaa may be
lysine, cysteine, homocysteine, penicillamine,
ornithine, diaminoproprionic acid, or diaminobutanoic
acid. [0064] In some embodiments, polypeptide 70
includes an amino acid sequence of ZaaXaanArgGlyAspXaa
mBaa (SEQ ID NO:2), where n is an integer of 0 to 4, m
is an integer of 0 to 5, each Xaa is independently any
native or biomimetic amino acid, andZaa and Baa are
each independently any native or biomimetic amino acid
having covalent bonds formed between atoms of their
respective side chains to form a cyclic polypeptide or
portion thereof. In various embodiments, Zaa and Baa
are linked via a disulfide bond. For example, Zaa or
Baa may be cysteine, homocysteine or penicillamine. In
some embodiments, Zaa and Baa are linked via an amide
bond. For example, one of Zaa and Baa is an amino acid
with a side chain having a free amino group, such as
lysine, ornithine, diaminoproprionic acid, or
diaminobutanoic acid, and the other of Zaa and Baa is
an amino acid with a side chain having a free carboxyl
group, such as aspartic acid, glutamic acid, or
homoglutamic acid. In some embodiments, a polypeptide
70 according to SEQ ID NO:2 may be further defined as
including an amino acid sequence of
YaaiXaamZaaXaanArgGlyAspXaa mBaa XaamYaai(SEQ ID
NO:3), where n is an integer of 0 to 4, m is an
integer of 0 to 5, 1is 



0 or 1 provided that the polypeptide includes at least
one Yaa or Xaa, each Yaa and Xaa is independently any
native or biomimetic amino acid, and Zaa and Baa are
each independently any native or biomimetic amino acid
having covalent bonds formed between atoms of their
respective side chains to form a cyclic portion of the
polypeptide, and Yaa or Xaa is any native or
biomimetic amino acid having functionality that
enables nucleophilic addition; e.g. via amide bond
formation, to a free carboxyl group of SA layer. While
not intending to be bound by theory, it is believed
that cyclization of a polypeptide containing an RGD
sequence may help maintain a conformation structure in
aqueous environments to preserve biologic function
relative to linear counterpart polypeptides,
particularly when the polypeptides consist of
relatively few amino acids; e.g. less than 10. In some
embodiments, polypeptide 70 comprises an amino acid
sequence of
LysGlyGlyAsnGlyGluProArgGlyAspThrTyrArgAlaTry (SEQ ID
NO:4). In some embodiments, polypeptide 70 consists
essentially of an amino acid sequence of
AsnGlyGluProArgGlyAspThrTyrArgAlaTyr (SEQ ID NO:5). In
some embodiments, peptide 70 consists essentially of
an amino acid sequence of
LysGlyGlyLys4AsnGlyGluProArgGlyAspThrTyrArgAlaTyrAsp
17 (SEQ ID NO:6), where Lys4 and Asp17 together form
an amide bond to cyclize a portion of the polypeptide.
In some embodiments, peptide 70 consists essentially
of an amino acid sequence of
LysGlyGlyLys4GluProArgGlyAspThrTryArgAsp 13 (SEQ ID
NO:7),where Lys4 and Asp 13 together form an amide
bond to cyclize a portion of the polypeptide. In some
embodiments, polypeptide 70 consists essentially of an
amino acid sequence of LysGlyGlyCys
4AsnGlyGluProArgGlyAspThrTyrArgAlaTyrCys 17 (SEQ ID
NO:8), where Cys4 and Cys17 together form a disulfide
bond to cyclize a portion of the polypeptide. In some
embodiments, polypeptide 70 consists essentially of an
amino acid sequence of LysGlyGlyCys
4GluProArgGlyAspThrTryArgCys 13 (SEQ ID NO:9), where
Cys4 and Cys13 together form a disulfide bond to
cyclize a portion of the polypeptide. In various
embodiments, peptide 70 consists essentially of an
amino acid sequence of
XaaGlyGlyAsnGlyGluProArgGlyAspThrTyrArgAlaTyr (SEQ ID
NO: 10), wherein Xaa is any amino acid. In numerous
embodiments, Xaa of SEQ ID NO: 10 is lysine. In some
embodiments, polypeptide 70 consists essentially of an
amino acid sequence of GlyArgGlyAspSerProLys (SEQ ID
NO:1 1). [0066] In some embodiments, polypeptide 70
consists essentially of an amino acid sequence of
LysGlyGlyAlaValThrGlyArgGlyAspSerProAlaSerSer (SEQ ID
NO: 12). [0067] For any of the polypeptide sequences
discussed herein, it will be understood that a
conservative amino acid may be substituted for a
specifically identified amino acid. A "conservative
amino acid", as used herein, refers to an amino acid
that is functionally similar to a second amino acid.
Such amino acids may be substituted for each other in
a polypeptide with a minimal disturbance to the
structure or function of the polypeptide according to
well known techniques. The following five groups each
contain amino acids that are conservative
substitutions for one another: Aliphatic: Glycine (G),
Alanine (A), Valine (V), Leucine (L), Isoleucine (I);
Aromatic: Phenylalanine (F), Tyrosine (Y), Tryptophan
(W); Sulfur-containing: Methionine (M), Cysteine (C);
Basic: Arginine (R), Lysine (K), Histidine (H);
Acidic: Aspartic acid (I), Glutamic acid (E),
Asparagine (N), Glutamine (Q). [0068] A linker or
spacer 80, such as a repeating poly(ethylene glycol)
linker or any other suitable linker, may be used to
increase distance from polypeptide 70 to surface 25 of
swellable (meth)acrylate layer 20. The linker 80 may
be of any suitable length. For example, if the linker
is a repeating poly(ethylene glycol) linker, the
linker may contain between 2 and 10 repeating ethylene
glycol units. In some embodiments, thelinker is a
repeating poly(ethylene glycol) linker having about 4
repeating ethylene glycol units. All, some, or none of
the polypeptides 70 may be conjugated to SA layer 20
via linkers 80. A SA layer chain which provides a
conjugation group may also act as spacer for
conjugated peptides. Other potential linkers are
polypeptide linkers such as poly(glycine) or
poly(b-alanine). [0069] Polypeptide 70 may be
conjugated to the SA layer 20 at any density,
preferably at a density suitable to support culture of
undifferentiated stem cells or other cell types.
Polypeptide 70 may be conjugated to SA layer 20 at a
density of between about 1 pmol per mm2 and about 50
pmol per mm2 of surface 25 of SA coating 20, which can
be estimated by the area of surface 15 of base
material substrate 10 that is coated in embodiments
where surface 15 is uniformly coated by SAP layer 20.
For example, the polypeptide may be present at a
density of greater than 5 pmol/mm 2, greater than 6
pmol/mm2, greater than 7 pmol/mm 2, greater than 8
pmol/mm , greater than 9 pmol/mm2, greater than 10
pmol/mm 2, greater than 12 pmol/mm 2, greater than 15
pmol/mm2, or greater than 20 pmol/mm 2 of the surface
25 of the SA coating 20. It will be understood that
the amount of polypeptide 70 present can vary
depending on the composition of the SA layer 20, the
thickness of the SA layer 20 and the nature of the
polypeptide 70 itself. As discussed below in the
Examples, higher densities of polypeptide 70 may be
better able to support attachment and proliferation of
undifferentiated stem cells in a chemically defined
medium. [0070] (Meth)acrylate monomers may be
synthesized as known in the art or obtained from a
commercial vendor, such as Polysciences, Inc., Sigma
Aldrich, Inc., and Sartomer, Inc. Polypeptides 70 may
be synthesized as known in the art (or alternatively
produced through molecular biological techniques) or
obtained from a commercial vendor, such as American
Peptide Company, CEM Corporation, or GenScript
Corporation. Linkers 80 may be synthesized as known in
the art or obtained from a commercial vendor, such as
discrete polyethylene glycol (dPEG) linkers available
from Quanta BioDesign, Ltd. [0071] As shown in FIG.
IB, an intermediate layer 30 may be disposed between
surface 15 of base material 10 and the SA coating 20.
Intermediate layer 30 may be configuredto improve
binding of coating 20 to substrate 10, to facilitate
monomer spreading, to render portions of the surface
10 that are uncoated cytophobic to encourage cell
growth on coated areas, to provide a substrate
compatible with a monomer or solvent where the monomer
or solvent is incompatible with the base material 10,
to provide topographical features if desired through,
for example, patterned printing, or the like. For
example, if substrate 10 is a glass substrate, it may
be desirable to treat a surface of the glass substrate
with an epoxy coating or a silane coating. For various
polymer base materials 10 it may be desirable to
provide an intermediate layer 30 of polyamide,
polyimide, polypropylene, polyethylene, or
poly(meth)acrylate. While not shown, it will be
understood that SA coating 20 may be disposed on a
portion of intermediate layer 30. It will be further
understood that intermediate layer 30 may be disposed
on a portion of base material 10. [0072] In various
embodiments, surface 15 of base material 10 is
treated, either physically or chemically, to impart a
desirable property or characteristic to the surface
15. For example, and as discussed below, surface 5 may
be corona treated or plasma treated. Examples of
vacuum or atmospheric pressure plasma include radio
frequency RF and microwave plasmas both primary and
secondary, dielectric barrier discharge, and corona
discharge generated in molecular or mixed gases
including air, oxygen, nitrogen, argon, carbon
dioxide, nitrous oxide, or water vapor. [0073] SA
coating layer 20, whether disposed on an intermediate
layer 30 or base material 10, preferably uniformly
coats the underlying substrate. By "uniformly coated",
it is meant that the layer 20 in a given area, for
example a surface of a well of a culture plate,
completely coats the area at a thickness of about 5
run or greater. While the thickness of a uniformly
coated surface may vary across the surface, there are
no areas of the uniformly coated surfaces through
which the underlying layer (either intermediate layer
30 or base material 10) is exposed. Cell responses
across non uniform surfaces tend to be more variable
than cell responses across uniform surfaces. [0074] SA
polymer coating layer 20 may have any desirable
thickness. In various embodiments, the average
thickness of the coating layer 20 is less than about
10 micrometers. For example, the average thickness may
be less than about 5micrometers, less than about 2
micrometers, less than about 1 micrometers, less than
about 0.5 micrometers, between about 50 run and about
300 nm, or about 0.1 micrometers. [0075] The polymer
material forming SA layer 20 may be cross-linked to
any suitable degree. Low degree of crosslinking may
result in partial or complete SA layer dissolution and
lower polymerization reaction efficiency. In various
embodiments, the crosslinking density of SA layer 20
is between about 0.9% and about 9%. [0076] Article
100, in numerous embodiments, is cell culture ware
having a surface suitable for cell culture, such as a
6, 12, 96, 384, and 1536 well plates, jars, petri
dishes, flasks, multi-layered flasks, beakers, plates,
roller bottles, slides, such as chambered and
multichambered culture slides, tubes, cover slips,
bags, membranes, hollow fibers, beads and
microcarriers, cups, spinner bottles, perfusion
chambers, bioreactors, CellSTACK(r) and fermenters. In
numberous embodiments these cell culture surfaces are
contained in a cell culture well. Referring now to
FIG. 2, article 100 formed from substrate or base
material 10 may include one or more wells 50. Well 50
includes a sidewall 55 and a surface 15. Referring to
FIG. 2B-C, a SA coating 20 may be disposed on surface
15 or sidewalls 55 (or, as discussed above with regard
to FIG. 1 one or more intermediate layer 30 may be
disposed between surface 15 or sidewall 55 and SA
coating 20) or a portion thereof. As shown in FIG. 2C,
55 may be coated with SA layer 20. [0077] In various
embodiments, article 100 includes a uniformly coated
layer 20 having a surface 25 with an area greater than
about 5 mm2. Of course, the surface 25 may be of any
suitable size. When the area of the surface 15 is too
small, reliable cell responses may not be readily
observable because some cells, such as human embryonic
stem cells, are seeded as colonies or clusters of
cells (e.g., having a diameter of about 0.5 mm) and
adequate surface is desirable to ensure attachment of
sufficient numbers of colonies to produce a
quantitative cell response. In numerous embodiments,
an article 100 has a well 50 having a uniformly coated
surface 15, where the surface 15 has an area greater
than about 0.1 cm2, greater than about 0.3 cm ,
greater than about 0.9 cm , or greater than about lcm
.[0078] 2. Coating of Synthetic Swellable
(meth)acrylate Layer [0079] A synthetic swellable
(meth)acrylate (SA) layer may be disposed on a surface
of a cell culture article via any known or future
developed process. Preferably, the synthetic SA layer
provides a uniform layer that does not delaminate
during typical cell culture conditions. That is, the
SA layer is attached to the substrate or base
material. The synthetic SA surface may be associated
with or attached to the base material substrate via
covalent or non-covalent interactions. Examples of
non-covalent interactions that may associate the
synthetic SA surface with the substrate include
chemical adsorption, hydrogen bonding, surface
interpenetration, ionic bonding, van der Waals forces,
hydrophobic interactions, dipole-dipole interactions,
mechanical interlocking, and combinations thereof.
[0080] In various embodiments, the base material
substrate surface is coated according to the teachings
of co-pending application serial no. B I I B I, filed
on even date herewith, naming Zhou et al. as
inventors, and entitled CELL CULTURE ARTICLE AND
SCREENING, which application is hereby incorporated
herein by reference in its entirety for all purposes
to the extent that it does not conflict with the
disclosure presented herein. [0081] In numerous
embodiments, monomers are deposited on a surface of a
cell culture article and polymerized in situ. In such
embodiments, the base material will be referred to
herein as the "substrate" on which the synthetic
swellable (meth)acrylate material is deposited. While
polymerization may be done in solution phase or in
bulk phase, in embodiments of the present invention,
polymerization in bulk phase, in situ polymerization,
yields a cell culture surface that is a networked
polymeric surface. This networked polymeric surface is
not an interpenetrating polymeric network. In
embodiments, the networked polymeric surface provided
by in situ polymerization attaches to the substrate,
does not delaminate, and survives in the aqueous
environment of cell culture without delaminating for
periods of time that are relevant for cell culture. In
embodiments, the monomers are less than 1000 daltons.
[0082] As monomers may be viscous, it may be desirable
to dilute the monomers in a suitable solvent to reduce
viscosity prior to being dispensed on the surface.
Reducingviscosity may allow for thinner and more
uniform layers of the synthetic swellable
(meth)acrylate material to be formed. One of skill in
the art will be able to readily select a suitable
solvent. Preferably the solvent is compatible with the
material forming the cell culture article and the
monomers. It may be desirable to select a solvent that
is non-toxic to the cells to be cultured and that does
not interfere with the polymerization reaction.
Alternatively, or in addition, selection of a solvent
that can be substantially completely removed or
removed to an extent that it is non-toxic or no longer
interferes with polymerization may be desirable. In
such circumstances, it may be desirable that the
solvent be readily removable without harsh conditions,
such as vacuum or extreme heat. Volatile solvents are
examples of such readily removable solvents. [0083]
Some solvents that may be suitable in various
situations for coating articles as described herein
include ethanol, isopropanol, acetyl acetate, ethyl
acetate, dimethylformamide (DMF), and
dimethylsulfoxide (DMSO). As described in copending
application serial no. K fl 8 filed on even date
herewith, entitled CELL CULTURE ARTICLE AND SCREENING,
volatile solvents, such as acetone, methanol, ethyl
acetate, butanone, acetonitrile, isopropanol, and
2-butanol, and ethanol, may be particularly suitable
solvents when it is desired to remove solvent prior to
polymerization. [0084] The monomers may be diluted
with solvent by any suitable amount to achieve the
desired viscosity and monomer concentration. Generally
the monomer compositions used according to the
teachings presented herein contain between about 0.1%
to about 99% monomer. By way of example, the monomer
may be diluted with an ethanol or other solvent to
provide a composition having between about 0.1% and
about 50% monomer, or from about 0.1% to about 10%
monomer by volume, from about 0.1% to about 5% monomer
by volume, or from about 0.1% to about 1% monomer by
volume. The monomers may be diluted with solvent so
that the swellable (meth)acrylate layer achieves a
desired thickness. As discussed above, if the
deposited monomers are too thick, a non-uniform
surface may result and the coating may likely
de-laminate after contact with an aqueous
medium.[0085] In various embodiments, the synthetic
swellable (meth)acrylate layer is deposited on a
surface of an intermediate layer that is associated
with the base material via covalent or non-covalent
interactions, either directly or via one or more
additional intermediate layers (not shown). In such
embodiments, the intermediate layer will be referred
to herein as the "substrate" onto which the synthetic
swellable (meth)acrylate layer is deposited. [0086] In
various embodiments, the surface of the base material
is treated. The surface may be treated to improve
binding of the synthetic swellable (meth)acrylate
layer to the base material surface, to facilitate
monomer spreading on the base material surface, or the
like. Of course, the base material may be treated for
similar purposes with regard to an intermediate layer
hi various embodiments, the surface is plasma treated.
High surface energy obtainable from such treatments
may facilitate monomer spreading and uniform coating.
[0087] In addition to the monomers that form the
swellable (meth)acrylate layer, a composition forming
the layer may include one or more additional compounds
such as surfactants, wetting agents, photoinitiators,
thermal initiators, catalysts, activators, and
cross-linking agents. [0088] Any suitable
polymerization initiator may be employed. One of skill
in the art will readily be able to select a suitable
initiator, e.g. a radical initiator or a cationic 



initiator, suitable for use with the monomers hi
various embodiments, UV light is used to generate free
radical monomers to initiate chain polymerization.
[0089] Any suitable initiator may be used. Examples of
polymerization initiators include organic peroxides,
azo compounds, quinones, nitroso compounds, acyl
halides, hydrazones, mercapto compounds, pyrylium
compounds, imidazoles, chlorotriazines, benzoin,
benzoin alkyl ethers, diketones, phenones, or mixtures
thereof. Examples of suitable commercially available,
ultraviolet-activated and visible light-activated
photoinitiators have tradenames such as IRGACURE 651,
IRGACURE 184, IRGACURE 369, IRGACURE 819, DAROCUR 4265
and DAROCUR 1173 commercially available from Ciba
Specialty Chemicals, Tarrytown, N.Y. andLUCIRIN TPO
and LUCIRIN TPO-L commercially available from BASF
(Charlotte, N.C.) [0090] A photosensitizer may also be
included in a suitable initiator system.
Representative photosensitizers have carbonyl groups
or tertiary amino groups or mixtures thereof.
Photosensitizers having a carbonyl groups include
benzophenone, acetophenone, benzil, benzaldehyde,
o-chlorobenzaldehyde, xanthone, thioxanthone, 9,10-
anthraquinone, and other aromatic ketones.
Photosensitizers having tertiary amines include
methyldiethanolarnine, ethyldiethanolamine,
triethanolamine, phenylmethylethanolamine, and
dimethylaminoethylbenzoate. Commercially available
photosensitizers include QUANTICURE ITX, QUANTICURE
QTX, QUANTICURE PTX, QUANTICURE EPD from Biddle Sawyer
Corp. [0091] In general, the amount of photosensitizer
or photoinitiator system may vary from about 0.01 to
10% by weight. [0092] Examples of cationic initiators
include salts of onium cations, such as arylsulfonium
salts, as well as organometallic salts such as ion
arene systems. [0093] In various embodiments where the
monomers are diluted in solvent before being deposited
on the substrate surface, the solvent is removed prior
to polymerizing. The solvent may be removed by any
suitable mechanism or process. In general about 80% or
more, about 90% or more, about 95% or more, or about
99% or more of the solvent may be removed prior to
polymerization. As described in copending application
serial no. IBfifllWil , filed on even date herewith,
naming Zhou et al. as inventors, and entitled CELL
CULTURE ARTICLE AND SCREENING, it has been found that
removal of substantially all of the solvent prior to
curing, allows for better control of curing kinetics
and the amount of monomer converted. When conversion
rates of the monomers are increased, waste generation
and cytotoxicity are reduced. [0094] To form the
synthetic swellable (meth)acrylate surface, the
monomers are polymerized. Whether polymerized in bulk
phase (substantially solvent free) or solvent phase,
the monomers are polymerized via an appropriate
initiation mechanism. Many of such mechanisms are well
known in the art. For example,temperature may be
increased to activate a thermal initiator,
photoinitiators may be activated by exposure to
appropriate wavelength of light, or the like.
According to numerous embodiments, the monomer or
monomer mixture is cured using UV light. The curing
preferably occurs under inert gas protection, such as
nitrogen protection, to prevent oxygen inhibition.
Suitable UV light combined with gas protection may
increase polymer conversion, insure coating integrity
and reduce cytotoxicity. [0095] The cured synthetic
swellable (meth)acrylate layer may be washed with
solvent one or more times to remove impurities such as
unreacted monomers or low molecular weight polymer
species. In various embodiments, the layer is washed
with ethanol or an ethanol-water solution, e.g. 70%
ethanol, greater than 90% ethanol, greater than 95%
ethanol or greater than about 99% ethanol. Washing
with a 70% ethanol solvent may not only serve to
remove impurities, which may be cytotoxic, but also
can serve to sterilize the surface prior to incubation
with cells. [0096] Swellable (meth)acrylate layers
produced in accordance with the teachings herein form
a single polymeric matrix layer. While such layers may
include local variations in structure and properties,
the variations tend to be random, as opposed to
interpenetrating networks described by others. As
discussed above, in many embodiments, a swellable
(meth)acrylate layer as described herein is
polymerized from monomers in situ while in contact
with the substrate of the cell culture article. [0097]
A polypeptide may be conjugated to the polymerized
swellable (meth)acrylate layer via any suitable
technique. A polypeptide may be conjugated to a
polymerized swellable (meth)acrylate layer 20 via an
amino terminal amino acid, a carboxy terminal amino
acid, or an internal amino acid. One suitable
technique involves 1- ethyl-3-[3-dimethylaminopropyl]
carbodiimide hydrochloride (EDC)/ Nhydroxysuccinimide
(NHS) chemistry, as generally known in the art. EDC
and NHS or N-hydroxysulfosuccinimide (sulfo-NHS) can
react with carboxyl groups of the swellable
(meth)acrylate layer to produce amine reactive NHS
esters. EDC reacts with a carboxyl group of the
swellable (meth)acrylate layer to produce an
aminereactive O-acylisourea intermediate that is
susceptible to hydrolysis. The addition of NHS or
sulfo-NHS stabilizes the amine-reactive O-acylisourea
intermediate byconverting it to an amine reactive NHS
or sulfo-NHS ester, allowing for a two step procedure.
Following activation of the swellable (meth)acrylate
layer, the polypeptide may then be added and the
terminal amine of the polypeptide can react with the
amine reactive ester to form a stable amide bond, thus
conjugating the polypeptide to the swellable
(meth)acrylate layer. When EDC/NHS chemistry is
employed to conjugate a polypeptide to the swellable
(meth)acrylate layer, the Nterminal amino acid is
preferably an amine containing amino acid such as
lysine, ornithine, diaminobutyric acid, or
diaminoproprionic aicd. Of course, any acceptable
nucleophile may be employed, such as hydroxylamines,
hydrazines, hydroxyls, and the like. [0098] EDC/NHS
chemistry results in a zero length crosslinking of
polypeptide 70 to swellable (meth)acrylate layer 20.
Linkers or spacers, such as poly(ethylene glycol)
linkers (e.g., available from Quanta BioDesign, Ltd.)
with a terminal amine may be added to the N-terminal
amino acid of polypeptide 70. When adding a linker to
the Nterminal amino acid, the linker is preferably a
N-PG-amido-PEGc-acid where PG is a protecting group
such as the Fmoc group, the BOC group, the CBZ group
or any other group amenable to peptide synthesis and X
is 2, 4, 6, 8 12, 24 or any other discrete PEG which
may be available. [0099] In various embodiments, a 1
mM - 2500 mM polypeptide fluid composition, such as a
solution, suspension, or the like, is contacted with
an activated swellable (meth)acrylate layer to
conjugate the polypeptide. For example the polypeptide
concentration may be between about 100 mM and about
2000 mM, between about 500 mM and about 1500 mM, or
about 1000 mM. It will be understood that the volume
of the polypeptide composition and the concentration
may be varied to achieve a desired density of
polypeptide conjugated to the swellable (meth)acrylate
layer. [00100] The polypeptide may be cyclized or
include a cyclic portion. Any suitable method for
forming cyclic polypeptide may be employed. For
example and with reference to Example 4 below, an
amide linkage created by cyclizing the free amino
functionality on an appropriate amino-acid side chain
and a free carboxyl group of an appropriate amino acid
side chain. Also with reference to Example 4 below, a
di-sulfide linkagemay be created between free
sulfydryl groups of side chains appropriate amino
acids in the peptide sequence. Any suitable technique
may be employed to form cyclic polypeptides (or
portions thereof). By way of example, methods
described in, e.g., WOl 989005 150 may be employed to
form cyclic polypeptides. Head-to-tail cyclic
polypeptides, where the polypeptides have an amide
bond between the carboxy terminus and the amino
terminus may be employed. An alternative to the
disulfide bond would be a diselenide bond using two
selenocysteines or mixed selenide/sulfide bond, e.g.,
as described in Koide et al, 1993, Chem. Pharm. Bull.
41(3):502-6; Koide et al.,1993, Chem. Pharm. Bull.
41(9):1596-1600; or Besse and Moroder, 1997, Journal
of Peptide Science, vol. 3, 442-453. [00101] 3.
Incubating cells on synthetic swellable (meth)acrylate
layer containing conjugated polypeptide [00102] A cell
culture article having a swellable (meth)acrylate
layer with conjugated polypeptide as described above
may be seeded with cells. The cells may be of any cell
type. For example, the cells may be connective tissue
cells, epithelial cells, endothelial cells,
hepatocytes, skeletal or smooth muscle cells, heart
muscle cells, intestinal cells, kidney cells, or cells
from other organs, stem cells, islet cells, blood
vessel cells, lymphocytes, cancer cells, primary
cells, cell lines, or the like. The cells may be
mammalian cells, preferably human cells, but may also
be non-mammalian cells such as bacterial, yeast, or
plant cells. [00103] hi numerous embodiments, the
cells are stem cells which, as generally understood in
the art, refer to cells that have the ability to
continuously divide (self-renewal) and that are
capable of differentiating into a diverse range of
specialized cells. LQ some embodiments, the stem cells
are multipotent, totipotent, or pluripotent stem cells
that may be isolated from an organ or tissue of a
subject. Such cells are capable of giving rise to a
fully differentiated or mature cell types. A stem cell
may be a bone marrowderived stem cell, autologous or
otherwise, a neuronal stem cell, or an embryonic stem
cell. A stem cell may be nestin positive. A stem cell
may be a hematopoeietic stem cell. A stem cell may be
a multi-lineage cell derived from epithelial and
adipose tissues, umbilical cord blood, liver, brain or
other organ. In various embodiments, thestem cells are
pluripotent stem cells, such as pluripotent embryonic
stem cells isolated from a mammal. Suitable mammals
may include rodents such as mice or rats, primates
including human and non-human primates. In various
embodiments, the swellable (meth)acrylate -
polypeptide layer supports undifferentiated culture of
embryonic stem cells for 5 or more passages, 7 or more
passages, or 10 or more passages. Typically stems
cells are passaged to a new surface after they reach
about 75% confluency. The time for cells to reach 75%
confiuency is dependent on media, seeding density and
other factors as know to those in the art. It has been
found that stem cells cultured as described in the
Examples below reach about 75% confluency is between
about 3 days and about 7 days, generally being about 5
days. [00104] Because human embryonic stem cells
(hESC) have the ability to grown continually in
culture in an undifferentiated state, the hESC for use
in this invention may be obtained from an established
cell line. Examples of human embryonic stem cell lines
that have been established include, but are not
limited to, Hl, H7, H9, Hl 3 or Hl 4 (available from
WiCeIl established by the University of Wisconsin)
(Thompson (1998) Science 282:1145 ); hESBGN-01,
hESBGN-02, hESBGN-03 (BresaGen, Inc., Athens, GA);
HES-I, HES-2, HES-3, HES-4, HES-5, HES-6 (from ES Cell
International, Inc., Singapore); HSF-I, HSF-6 (from
University of California at San Francisco); I 3, I
3.2, I 3.3, I 4, I 6, I 6.2, J 3, J 3.2 (derived at
the Technion-Israel Institute of Technology, Haifa,
Israel); UCSF-I and UCSF-2 (Genbacev et al., Fertil.
Steril. 83(5):1517-29, 2005); lines HUES 1-17 (Cowan
et al., NEJM 350(13):1353- 56, 2004); and line ACT-14
(Klimanskaya et al., Lancet, 365(9471):1636-41, 2005).
Embryonic stem cells used in the invention may also be
obtained directly from primary embryonic tissue.
Typically this is done using frozen in vitro
fertilized eggs at the blastocyst stage, which would
otherwise be discarded. [00105] Other sources of
pluripotent stem cells include induced primate
pluripotent stem (iPS) cells. iPS cells refer to
cells, obtained from a juvenile or adult mammal, such
as a human, that are genetically modified, e.g., by
transfection with one or more appropriate vectors,
such that they are reprogrammed to attain the
phenotype of a pluripotent stem cell such as an hESC.
Phenotypic traits attained by these reprogrammed cells
include morphology resembling stem cells isolated from
ablastocyst as well as surface antigen expression,
gene expression and telomerase activity resembling
blastocyst derived embryonic stem cells. The iPS cells
typically have the ability to differentiate into at
least one cell type from each of the primary germ
layers: ectoderm, endoderm and mesoderm. The iPS
cells, like hESC, also form teratomas when injected
into immuno-deficient mice, e.g., SCID mice.
(Takahashi et al., (2007) Cell 131(5):861; Yu et al.,
(2007) Science3 18:5858). [00106] Prior to seeding
cells, the cells may be harvested and suspended in a
suitable medium, such as a growth medium in which the
cells are to be cultured once seeded onto the surface.
For example, the cells may be suspended in and
cultured in a serumcontaining medium, a conditioned
medium, or a chemically-defined medium. As used
herein, "chemically-defined medium" means cell culture
media that contains no components of unknown
composition. Chemically defined cell culture media
may, in various embodiments, contain no proteins,
hydrosylates, or peptides of unknown composition. In
some embodiments, conditioned media contains
polypeptides or proteins of known composition, such as
recombinant growth hormones. Because all components of
chemically-defined media have a known chemical
structure, variability in culture conditions and thus
variability in cell response can be reduced,
increasing reproducibility. In addition, the
possibility of contamination is reduced. Further, the
ability to scale up is made easier due, at least in
part, to the factors discussed above. Chemically
defined cell culture media are commercially available
from Invitrogen (Invitrogen Corporation, 1600 Faraday
Avenue, PO Box 6482, Carlsbad, California 92008) as
STEM PRO, a fully serum- and feeder-free (SFM)
specially formulated from the growth and expansion of
embryonic stem cells, Xvivo (Lonza), and Stem Cell
Technologies, Inc. as mTeSR(tm)l maintenance media for
human embryonic stem cells. [00107] One or more growth
or other factors may be added to the medium in which
cells are incubated with the synthetic swellable
(meth)acrylate layer conjugated to polypeptide (SAP).
The factors may facilitate cellular proliferation,
adhesion, self-renewal, differentiation, or the like.
Examples of factors that may be added to or included
in the medium include muscle morphogenic factor (MMP),
vascular endothelium growth factor (VEGF),
interleukins, nerve growth factor (NGF),
erythropoietin, plateletderived growth factor (PDGF),
epidermal growth factor (EGF), activin A (ACT) such as
activin A, hematopoietic growth factors, retinoic acid
(RA), interferons, fibroblastic growth factors, such
as basic fibroblast growth factor (bFGF), bone
morphogenetic protein (BMP), peptide growth factors,
heparin binding growth factor (HBGF), hepatocyte
growth factor, tumor necrosis factors, insulin-like
growth factors (IGF) I and II, transforming growth
factors, such as transforming growth factor- bl
(TGFbl), and colony stimulating factors. [00108] The
cells may be seeded at any suitable concentration.
Typically, the cells are seeded at about 10,000
cells/cm 2 of substrate to about 500,000 cells/cm2.
For example, cells may be seeded at about 50,000
cells/cm 2 of substrate to about 150,000 cells/cm 2.
However, higher and lower concentrations may readily
be used. The incubation time and conditions, such as
temperature, CO2 and O2 levels, growth medium, and the
like, will depend on the nature of the cells being
cultured and can be readily modified. The amount of
time that the cells are incubated on the surface may
vary depending on the cell response desired. [00109]
The cultured cells may be used for any suitable
purpose, including (i) obtaining sufficient amounts of
undifferentiated stem cells cultured on a synthetic
surface in a chemically defined medium for use in
investigational studies or for developing therapeutic
uses, (ii) for investigational studies of the cells in
culture, (iii) for developing therapeutic uses, (iv)
for therapeutic purposes, (v) for studying gene
expression, e.g. by creating cDNA libraries, and (vi)
for studying drug and toxicity screening. [00110] As
described in more detail in the Examples below, it has
been found that the undifferentiated state of stem
cells, such as embryonic stem cells, can be maintained
for 5, 7, or 10 or more passages on articles having an
SA-P substrate. In various embodiments, 50% or more,
60% or more, 70% or more, or 80% or more of the cells
remain undifferentiated after each passage. One
suitable way to determine whether cells are
undifferentiated is to determine the presence of the
OCT4 marker, e.g. as 



described in more detail below in the Examples. In
various embodiments, theundifferentiated stems cells
culture on SA-P surfaces for 5, 7, or 10 or more
passages retain the ability to be differentiated.
[00111] In the following, non-limiting examples are
presented, which describe various embodiments of the
articles and methods discussed above. EXAMPLES [00112]
EXAMPLE l : Coating Preparation [00113] Swellable
(meth)acrylate coating surfaces were prepared from UV
polymerizable monomers and include a hydrophilic
monomer, a carboxyl group containing monomer, and a
crosslinking monomer. Table 1 shows the combination of
swellable (meth)acrylate monomers employed. As shown
in Table 1 formulations SAlA and SAl have the same
monomer composition. They differ from each other in
that SAlA is diluted in ethanol in a 0.1%
concentration v/v while SAl is diluted in ethanol in a
0.25% v/v concentration or higher. The dilutions of
monomers diluted in ethanol are shown in Table 3.
Table 2 shows the chemical structures of the monomers
used. Table 1 : Swellable (meth)acrylate formulations
employedMONOLITHIC INTRAVAGINALRINGS COMPRISING
PROGESTERONE AND METHODS OF MAKINGAND USES THEREOF
Field of the Invention [0001] The present invention
relates to monolithic intravaginal rings comprising
progesterone, methods of making, and uses thereof. The
intravaginal rings comprise progesterone, a
polysiloxane elastomer, and a pharmaceutically
acceptable hydrocarbon or glycerol esters of a fatty
acid. BACKGROUND OF THE INVENTION [0002] Progesterone
is a C-21 steroid hormone and belongs to a class of
hormones called progestogens. It is the major
naturally occurring steroid and is a precursor in the
biosynthesis of other steroids, particularly
glucocorticoids, androgens and estrogens. [0003]
Progesterone stimulates the growth of the uterus and
also stimulates a number of specific changes in the
endometrium and myometrium. Progesterone is essential
for the development of decidual tissue and the
differentiation of luminal and glandular epithelial
tissue. It also plays several roles in gestation,
including breast enlargement, inhibition of uterine
contractility, maintenance of gestation, immunological
protection of the embryo, and inhibition of
prostaglandin synthesis. [0004] Progesterone has been
used in the treatment of a number of clinical
disorders such as luteal phase defects, dysfunctional
uterine bleeding, endometriosis, endometrial
carcinoma, benign breast disease, pre-eclampsia, and
regimens of in vitro fertilization. The luteal phase
of a natural cycle is characterized by the formation
of a corpus luteum, which secretes steroid hormones,
including progesterone. After fertilization and
implantation, the developing blastocyst secretes human
chorionic gonadotropin ("hCG"), which maintains the
corpus luteum and its secretions. Normal luteal
function is essential for maintaining pregnancy and
data suggest that progesterone is necessary for the
maintenance of early pregnancy. Penzias, A.S.,
Fertility and Sterility 77:318-323 (2002). [0005]
Unfortunately, not all women of reproductive age are
able to become pregnant, or maintain a pregnancy;
indeed, about twelve to fifteen percent of women of
reproductiveage in the United States have received an
infertility service at some time in their lives.
Assisted Reproductive Technology ("ART") generally
involves the surgical removal of eggs from a woman's
ovaries, fertilizing them with sperm in the
laboratory, and then returning them to either the
donor woman's or another woman's uterus (Centers for
Disease Control, Assisted Reproductive Technology
Success Rates, National Summary and Fertility Clinic
Reports. U.S. Department of Health and Human Services,
2004). There are three types of ART: (a) FVF (in vitro
fertilization) involves extracting the eggs,
fertilizing them in the laboratory, and transferring
resulting embryos to the uterus through the cervix,
(b) GIFT (gamete intrafallopian transfer) involves
placing unfertilized eggs and sperm into the woman's
fallopian tubes using a laparoscope through an
abdominal incision, and (c) ZIFT (zygote
intrafallopian transfer) involves extracting the eggs,
fertilizing them in the laboratory, and using a
laparoscope to place the fertilized egg(s) into a
woman's fallopian tubes. [0006] ART is also further
classified by whether a woman's own eggs were used
(nondonor), or eggs were donated from another woman
(donor). In addition, the embryos used can be newly
fertilized (fresh), or previously fertilized, frozen,
and then thawed (frozen). For many women, in
conjunction with ART, steps must be taken to prime the
uterus for implantation, and to sustain the pregnancy
after implantation. There have been many tools
developed to aid in this process. [0007] In the
mid-1980s, gonadotrophin releasing hormone ("GnRH")
agonists were incorporated into ovarian stimulation
regimens and are associated with improved outcomes
after IVF and other assisted reproductive
technologies. GnRH agonists work by suppressing the
pituitary and preventing premature surges of
endogenous luteinizing hormone ("LH") during IVF
cycles, allowing time for a larger number of oocytes
to reach maturity prior to harvesting as well as
increasing follicular growth. However, GnRH agonists
inhibit the corpora lutea in these cycles and may
create an iatrogenic luteal phase defect. [0008] Use
of a GnRH agonist causes suppression of pituitary LH
secretion for as long as 10 days after the last dose
and pituitary function may not return completely until
2-3 weeks after the end of therapy. Without this LH
signal, the corpus luteum may be dysfunctional, and
subsequent progesterone and estrogen secretion may be
abnormal,compromising endometrial receptivity, and
potentially leading to decreased implantation and
pregnancy rates. Pritts et al., Human Reproduction
17:2287-2299 (2002). [0009] Various hormones,
including estrogens, progesterone, and hCG, have been
used during the luteal phase and beyond in FVT cycles
for luteal phase support. A 1994 meta analysis showed
that the use of hCG or progesterone led to
significantly higher pregnancy rates than placebo.
Soliman et al., Fertility and Sterility 61:1068-76
(1994). Progesterone in numerous forms (oral, vaginal,
intramuscular ("IM")) is considered to be the agent of
choice because hCG is associated with a higher risk of
ovarian hyperstimulation syndrome ("OHSS"), a
potentially life-threatening condition associated with
an increased risk of thromboembolism. [0010] Most
treatment protocols advocate the use of progesterone
throughout the first trimester of pregnancy, since
corpus luteum activity has been demonstrated up to
week 10 of pregnancy, although progesterone
supplementation continuing beyond a positive serum
pregnancy test may not be needed. The goal of
progesterone supplementation is therefore to assist a
corpus luteum that may have become compromised during
ovulation induction or oocyte retrieval. [0011] Oral,
IM, and intravaginal progesterone preparations are
available. Oral formulations appear to be inferior for
luteal support. Serum progesterone levels are highest
with EM administration, but because of the uterine
first pass effect with IM administration, vaginal
administration results in higher endometrial
progesterone levels. Bulletti et al, Human
Reproduction 12:1073-9 (1997). [0012] IM progesterone
(50-100 mg daily) is widely used, but requires daily
injections and is painful, uncomfortable, and
inconvenient for patients; some patients may even
develop a sterile abscess or an allergic response to
the oil vehicle. Toner J.P., Human Reproduction 15
Supp. 1:166-71 (2000). Vaginal progesterone gel
(Crinone(r)/Prochieve (r) 8%; Columbia Laboratories,
Livingston, N.J.) is less painful and easier to use
than IM, but also requires daily dosing, may be messy,
and due to potential leakage, may not provide a full
dose with every application. Crinone is a bioadhesive
vaginal gel containing micronized progesterone in an
emulsion system. The carrier vehicle is an oil in
water emulsion containing the water swellable, but
insoluble, polymer polycarbophil. [0013] The use of a
progesterone vaginal insert (Endometrin (r)) 3 times
daily has recently been approved by the U.S. Food and
Drug Administration ("FDA") to support
embryoimplantation and early pregnancy by
supplementation of corpus luteal function as part of
an ART treatment program for infertile women. In
addition, vaginal use multiple times daily of
micronized progesterone capsules has been reported and
is used clinically, but luteal phase supplementation
or replacement is not an FDA-approved indication for
this product. [0014] There is also published
information comparing a vaginal progesterone ring to
IM progesterone for use in both FVF and oocyte
donation. Zegers-Hochschild et ah, Human Reproduction
15:2093-2097 (2000). [0015] Intravaginal devices for
delivering progesterone and/or intravaginal devices
comprising polysiloxane elastomers are discussed in
U.S. Pat. Nos. 3,545,439; 3,948,262; 4,012,496;
5,869,081; 6,103,256; 6,056,976; and 6,063,395. BRIEF
SUMMARY OF THE INVENTION [0016] The present invention
is directed to a method for treating a luteal phase
defect in a patient in need thereof, the method
comprising administering to the patient a monolithic
intravaginal ring comprising (a) a therapeutically
effective amount of progesterone, (b) a polysiloxane
elastomer, and (c) a pharmaceutically acceptable
hydrocarbon or glycerol esters of a fatty acid,
wherein the polysiloxane elastomer is present in a
concentration of about 55% to about 90% by total
weight of the ring. [0017] The present invention is
directed to a method for treating a luteal phase
defect in a patient in need thereof, the method
comprising administering to the patient a monolithic
intravaginal ring comprising (a) a therapeutically
effective amount of progesterone, (b) a polysiloxane
elastomer, and (c) a pharmaceutically acceptable oil,
wherein the polysiloxane elastomer is present in a
concentration of about 55% to about 90% by total
weight of the ring. [0018] The present invention is
directed to a monolithic intravaginal ring for
treating a luteal phase defect in a patient in need
thereof, the ring comprising (a) about 5% to about 40%
by weight of progesterone, (b) about 55% to about 90%
by weight of polysiloxane elastomer, and (c) about
0.1% to about 10% by weight of a pharmaceutically
acceptable hydrocarbon or glycerol esters of a fatty
acid, wherein the progesterone is homogeneously
dispersed in the elastomer.[0019] The present
invention is directed to a monolithic intravaginal
ring for treating a luteal phase defect in a patient
in need thereof, the ring comprising (a) about 5% to
about 40% by weight of progesterone, (b) about 55% to
about 90% by weight of polysiloxane elastomer, and (c)
about 0.1% to about 10% by weight of a
pharmaceutically acceptable oil, wherein the
progesterone is homogeneously dispersed in the
elastomer. [0020] The present invention is directed to
a process for making a monolithic intravaginal ring,
the process comprising (a) mixing progesterone, a
pharmaceutically acceptable hydrocarbon or glycerol
esters of a fatty acid, and a polysiloxane to form a
homogeneous mixture, (b) placing the homogeneous
mixture into a mold, and (c) curing the mold at about
60 0C to about 180 0C, wherein the polysiloxane is
present in a concentration of about 55% to about 90%
by total weight of the ring. [0021] The present
invention is directed to a process for making a
monolithic intravaginal ring, the process comprising
(a) mixing progesterone, a pharmaceutically acceptable
oil, and a polysiloxane to form a homogeneous mixture,
and (b) placing the homogeneous mixture into a mold,
wherein the polysiloxane is present in a concentration
of about 55% to about 90% by total weight of the ring.
[0022] The present invention is directed to a method
for treating a luteal phase defect in a patient in
need thereof, the method comprising administering to a
patient a monolithic intravaginal ring comprising (a)
progesterone, (b) a dimethylpolysiloxane elastomer,
and (c) a pharmaceutically acceptable hydrocarbon or
glycerol esters of a fatty acid, wherein the ratio of
progesterone to elastomer is about 1:1 to about 1:10,
the progesterone is homogeneously dispersed in the
elastomer, the ratio of progesterone to hydrocarbon or
glycerol esters of a fatty acid is about 1:0.1 to
about 1:100, and wherein the progesterone is released
from the monolithic intravaginal ring for up to about
18 days after administration to the patient. [0023]
The present invention is directed to a method for
treating a luteal phase defect in a patient in need
thereof, the method comprising administering to a
patient a monolithic intravaginal ring comprising (a)
progesterone, (b) a dimethylpolysiloxane elastomer,
and (c) a pharmaceutically acceptable oil, in a ratio
of about 4:15:1, respectively, wherein the
progesterone is homogeneously dispersed in the
elastomer, and wherein the progesterone is released
from the monolithic intravaginal ring for up to about
18 days after administration to the patient.[0024] The
present invention is directed to a method for treating
a luteal phase defect in a patient in need thereof,
the method comprising administering to the patient a
monolithic intravaginal ring comprising (a) about 15%
to about 25% by weight of progesterone, (b) about 70%
to about 80% by weight of a dimethylpolysiloxane
elastomer, and (c) about 1% to about 10% by weight of
a pharmaceutically acceptable hydrocarbon or glycerol
esters of a fatty acid, wherein the progesterone is
homogeneously dispersed in the elastomer, and wherein
the progesterone is released from the monolithic
intravaginal ring for up to about 18 days after
administration to the patient. [0025] The present
invention is directed to a method for treating a
luteal phase defect in a patient in need thereof, the
method comprising administering to the patient a
monolithic intravaginal ring comprising (a) about 15%
to about 25% by weight of progesterone, (b) about 70%
to about 80% by weight of a dimethylpolysiloxane
elastomer, and (c) about 1% to about 10% by weight of
a pharmaceutically acceptable oil, wherein the
progesterone is homogeneously dispersed in the
elastomer, and wherein the progesterone is released
from the monolithic intravaginal ring for up to about
18 days after administration to the patient. [0026]
The present invention is directed to a method for
treating a luteal phase defect in a patient in need
thereof, the method comprising administering to the
patient a monolithic intravaginal ring comprising (a)
progesterone, (b) a dimethylpolysiloxane elastomer,
and (c) mineral oil, in a ratio of about 4:15:1,
respectively, wherein the progesterone is
homogeneously dispersed in the elastomer, and released
from the intravaginal ring at about 15 mg/day to about
25 mg/day in vivo and wherein the intravaginal ring is
replaced after about every 7 days following
administration to the patient. [0027] The present
invention is directed to a method for treating a
luteal phase defect in a patient in need thereof, the
method comprising administering to the patient a
monolithic intravaginal ring comprising (a) about 20%
progesterone, (b) about 75% MED-4840, and (c) about 5%
mineral oil, wherein the progesterone is homogeneously
dispersed in the elastomer, and released from the
intravaginal ring at about 15 mg/day to about 25
mg/day in vivo and wherein the intravaginal ring is
replaced after about every 7 days following
administration to the patient. [0028] In some
embodiments, the progesterone is homogeneously
dispersed in the polysiloxane elastomer.[0029] In some
embodiments, the polysiloxane elastomer is a
diorganopolysiloxane elastomer. The
diorganopolysiloxane elastomer can be a
dimethylpolysiloxane elastomer. The
dimethylpolysiloxane elastomer can further comprise a
dimethylmethylhydrogen polysiloxane crosslink. [0030]
In some embodiments, the pharmaceutically acceptable
hydrocarbon or glycerol esters of a fatty acid is
present in a concentration of about 0.1% to about 10%
by total weight of the ring. [0031] hi some
embodiments, the pharmaceutically acceptable
hydrocarbon or glycerol esters of a fatty acid is
selected from mineral oil, silicone oil and
combinations thereof. In some embodiments, the
pharmaceutically acceptable hydrocarbon or glycerol
esters of a fatty acid is mineral oil. [0032] hi some
embodiments, the progesterone is present in a
concentration of about 15% to about 30% by total
weight of the ring. [0033] hi some embodiments, the
progesterone is released at a steady rate for about 1
day to about 14 days. In some embodiments, the
progesterone is released at a steady rate for about 1
day to about 10 days hi some embodiments, the
progesterone is released at a steady rate for about 1
day to about 7 days. [0034] hi some embodiments, the
progesterone is released from the monolithic
intravaginal ring at a steady rate for up to about 10
days after administration to the 



patient hi some embodiments, the progesterone is
released from the monolithic intravaginal ring at a
steady rate for up to about 14 days after
administration to the patient hi some embodiments, the
progesterone is released from the monolithic
intravaginal ring at a steady rate for up to about 18
days after administration to the patient. [0035] hi
some embodiments, the polysiloxane is vinyl end
blocked. In some embodiments, the polysiloxane is
dimethylpolysiloxane. [0036] hi some embodiments, the
process further comprises mixing a second polysiloxane
into the homogeneous mixture prior to placing into the
mold hi some embodiments, the second polysiloxane is a
crosslinker. hi some embodiments, the crosslinker is
dimethylmethylhydrogen polysiloxane. [0037] hi some
embodiments, the placing of the homogeneous mixture is
by injection.[0038] In some embodiments, the
progesterone is released from the intravaginal ring at
about 10 mg/day to about 40 mg/day in vivo. In some
embodiments, the progesterone is released from the
intravaginal ring at about 10 mg/day to about 30
mg/day in vivo. In some embodiments, the progesterone
is released from the intravaginal ring at about 15
mg/day to about 25 mg/day in vivo. [0039] In some
embodiments, the intravaginal ring is replaced after
about 14 days following administration to the patient.
In some embodiments, the intravaginal ring is replaced
after about 7 days following administration to the
patient. BRIEF DESCRIPTION OF THE FIGURES [0040] FIG.
1 depicts a top-down view of a monolithic intravaginal
ring of the present invention. [0041] FIG. 2 depicts a
process flow chart representing a process for
preparing monolithic intravaginal rings of the present
invention. [0042] FIG. 3 shows a comparison of the
mean serum estradiol levels in a patient following
administration of a progesterone intravaginal ring of
the present invention or a progesterone vaginal gel.
[0043] FIG. 4 shows a comparison of the mean serum
progesterone levels in a patient following
administration of a progesterone intravaginal ring of
the present invention or a progesterone vaginal gel.
[0044] FIG. 5 shows the in vitro dissolution data and
profile of a progesterone intravaginal ring of the
present invention. DETAILED DESCRIPTION OF THE
INVENTION [0045] The present invention relates to
monolithic intravaginal rings comprising progesterone,
methods of making, and uses thereof. The intravaginal
rings comprise progesterone, a polysiloxane elastomer,
and a pharmaceutically acceptable hydrocarbon or
glycerol esters of a fatty acid. [0046] Throughout the
present disclosure, all expressions of percentage,
ratio, and the like are "by weight" unless otherwise
indicated. As used herein, "by weight" issynonymous
with the term "by mass," and indicates that a ratio or
percentage defined herein is done according to weight
rather than volume, thickness, or some other measure.
[0047] As used herein, the term "about," when used in
conjunction with a percentage or other numerical
amount, means plus or minus 10% of that percentage or
other numerical amount. For example, the term "about
80%," would encompass 80% plus or minus 8%. [0048] The
present invention is directed to a method for treating
a luteal phase defect in a patient in need thereof,
the method comprising administering to the patient a
monolithic intravaginal ring comprising (a) a
therapeutically effective amount of progesterone, (b)
a polysiloxane elastomer, and (c) a pharmaceutically
acceptable hydrocarbon or glycerol esters of a fatty
acid. [0049] The term "therapeutically effective
amount" refers to an amount of the pharmaceutical
composition (i.e., progesterone) that treats a
condition, disorder, or disease in a subject. The
precise therapeutic dosage of progesterone necessary
to be therapeutically effective can vary between
subjects (e.g., due to age, body weight, sex,
condition of the subject, the nature and severity of
the disorder or disease to be treated, and the like).
Thus, the therapeutically effective amount cannot
always be specified in advance, but can be determined
by a caregiver, for example, by a physician using dose
titration. Appropriate dosage amounts can also be
determined by routine experimentation with animal
models. [0050] The terms "treat" and "treatment" refer
to both therapeutic treatment and prophylactic or
preventative measures, wherein the object is to
prevent or slow down (lessen) an undesired
physiological condition, disorder or disease, or
obtain beneficial or desired clinical results. For
purposes of this invention, beneficial or desired
clinical results include, but are not limited to,
alleviation of symptoms; diminishment of extent of
condition, disorder or disease; stabilized (i.e., not
worsening) state of condition, disorder or disease;
delay in onset or slowing of condition, disorder or
disease progression; amelioration of the condition,
disorder or disease state, whether detectable or
undetectable; or enhancement or improvement of
condition, disorder or disease. Treatment includes
eliciting a clinically significant response, without
excessive levels of side effects. [0051] The term
"luteal phase defect" refers to a disruption in the
normal female menstrual cycle. The defect occurs when
the female body does not produce enough of thehormone
progesterone. This results in a delay in the
development of the lining of the uterus (endometrium)
during the luteal phase. The luteal phase is defined
as the time between ovulation and the start of the
next menstrual cycle. Luteal phase defects can result
in the inability to sustain a pregnancy, whereby the
uterine lining begins to break down, bringing on
menstrual bleeding and causing miscarriage. [0052] The
present invention is directed to a method for treating
a luteal phase defect in a patient in need thereof,
the method comprising administering to the patient a
monolithic intravaginal ring comprising (a) a
therapeutically effective amount of progesterone, (b)
a polysiloxane elastomer, and (c) a pharmaceutically
acceptable hydrocarbon or glycerol esters of a fatty
acid, wherein the polysiloxane elastomer is present in
a concentration of about 55% to about 90% by total
weight of the ring. [0053] The present invention is
also directed to a method for treating a luteal phase
defect in a patient in need thereof, the method
comprising administering to the patient a monolithic
intravaginal ring comprising (a) a therapeutically
effective amount of progesterone, (b) a polysiloxane
elastomer, and (c) a pharmaceutically acceptable oil,
wherein the polysiloxane elastomer is present in a
concentration of about 55% to about 90% by total
weight of the ring. [0054] The monolithic intravaginal
ring of the present invention can be useful as part of
an assisted reproductive technology (ART) treatment
for infertile women with progesterone deficiency. The
monolithic intravaginal ring of the present invention
can be useful for luteal phase supplementation or
replacement, e.g., partial luteal support for in vitro
fertilization or complete luteal support for oocyte
donation. The monolithic intravaginal ring of the
present invention can also be useful for the treatment
of secondary amenorrhea. [0055] The term "monolithic
intravaginal ring" refers to a ring that is a matrix
ring, wherein the matrix ring does not comprise a
membrane or wall that encloses a reservoir. [0056] The
intravaginal ring provides for administration or
application of an active agent to the vaginal and/or
urogenital tract of a subject, including, e.g., the
vagina, cervix, or uterus of a female. In some
embodiments, the intravaginal ring is annular in
shape. As used herein, "annular" refers to a shape of,
relating to, or forming a ring. Annular shapes
suitable for use with the present invention include a
ring, an oval, an ellipse, a toroid, and the
like.[0057] The intravaginal ring of the present
invention can be flexible. As used herein, "flexible"
refers to the ability of a solid or semi-solid to bend
or withstand stress and strain without being damaged
or broken. For example, the intravaginal ring of the
present invention can be deformed or flexed, such as,
for example, using finger pressure (e.g., applying
pressure from opposite external sides of the device
using the fingers), and upon removal of the pressure,
return to its original shape. The flexible properties
of the intravaginal ring of the present invention are
useful for enhancing user comfort, and also for ease
of administration to the vaginal tract and/or removal
of the device from the vaginal tract. [0058] The
intravaginal ring of the present invention can be any
size suitable for placement in a vaginal tract hi some
embodiments, the outside diameter of the ring is about
35 mm to about 65 mm, about 40 mm to about 60 mm, or
about 45 mm to about 55 mm. hi some embodiments, the
outside diameter of the ring is about 55 mm. As used
herein, an "outside diameter" refers to any straight
line segment that passes through the center of the
ring and whose endpoints are on the outer perimeter of
the ring, see, e.g., FIG l . [0059] hi some
embodiments, the inside diameter of the ring is about
25 mm to about 45 mm, or about 30 mm to about 40 mm.
hi some embodiments, the inside diameter of the ring
is about 38 mm. As used herein, an "inside diameter"
refers to any straight line segment that passes
through the center of the ring and whose endpoints are
on the inner perimeter of the ring, see, e.g., FIG 1.
[0060] hi some embodiments, the cross-sectional
diameter of the ring is about 5 mm to about 15 mm, or
about 7 mm to about 10 mm. hi some embodiments, the
cross-sectional diameter is about 8.5 mm. As used
herein, a "cross-sectional diameter" refers to any
straight line segment whose endpoints are on the inner
and outer perimeter of the ring, see, e.g., FIG. 1.
[0061] hi some embodiments, the monolithic
intravaginal ring of the present invention comprises
progesterone (pregn-4-ene-3,20-dione), as illustrated
in Formula I.Formula I [0062] In some embodiments, the
progesterone can be micronized. As used herein,
"micronized" refers to particles of a composition that
have been reduced to micron size. [0063] As used
herein, the term "particle size" refers to particle
diameter. Particle size and particle size distribution
can be measured using, for example, a Hyac/Royco
particle size analyzer, a Malvern particle size
analyzer, a Beckman Coulter laser diffraction particle
size analyzer, a Shimadzu laser diffraction particle
size analyzer, or any other particle size measurement
apparatus or technique known to persons of ordinary
skill in the art. As used herein, the term "particle
diameter" relates to a volumetric measurement based on
an approximate spherical shape of a particle. The
present invention can also comprise semi-spherical,
ellipsoidal, or cylindrical particles without
limitation. In addition to encompassing progesterone
particles of a given size, the present invention is
also directed to compositions wherein the distribution
of particle sizes of progesterone and excipients is
controlled. As used herein, a "distribution" refers to
the number or concentration (i.e., percentage) of
particles having a certain size, or range of sizes,
within a given lot, batch, or dosage form of the
present invention. [0064] Materials used in the
intravaginal ring of the present invention are
suitable for placement in the vaginal tract, i.e.,
they are nontoxic and can further be non-absorbable in
the subject. In some embodiments, the materials are
compatible with an active agent. In some embodiments,
the materials can be capable of being suitably shaped
for intravaginal administration. [0065] hi some
embodiments, the intravaginal ring comprises a polymer
material that is an elastomer, e.g., a thermosetting
elastomer, including, e.g., a silicone co-polymer
(thermosetting type). For example, the intravaginal
ring of the present invention can be produced using
silicone polymers which can include various catalysts
or cross-linking agents. Such silicone compounds,
catalysts and cross-linking agents are known in the
art,see e.g., U.S. Patent No. 4,888,074. A silicone
composition can include any organosilicone compound
capable of cross-linking, with or without the presence
of cross-linking agents. [0066] As used herein, an
"elastomer" refers to an amorphous polymer network
formed when a polymer or a mixture of polymers undergo
cross-linking. Each polymer is comprised of monomelic
units, which are linked together to form the polymer.
The monomelic units can comprise carbon, hydrogen,
oxygen, silicon, halogen, or a combination thereof.
[0067] hi some embodiments, the intravaginal ring
comprises a polysiloxane. As used herein, a
"polysiloxane" refers to any of various compounds
containing alternate silicon and oxygen atoms in
either a linear or cyclic arrangement usually with one
or two organic groups attached to each silicon atom.
For example, polysiloxanes include substituted
polysiloxanes, and diorganopolysiloxanes such as
diarylpolysiloxanes and dialkylpolysiloxanes; an
example of the latter is dimethylpolysiloxane, as
illustrated in Formula II. Formula II [0068] Such
dimethylpolysiloxane polymers can be thermoset to the
corresponding elastomer by vulcanization with peroxide
curing catalysts, e.g., benzoyl peroxide or
di-pchlorobenzoyl peroxide at temperatures of about
200 0C and requiring additional heat after treatment
as described in U.S. Pat. Nos. 2,541,137; 2,723,966;
2,863,846; 2,890,188; and 3,022,951. [0069] An example
of a two-component dimethylpolysiloxane composition,
which is platinum-catalyzed at room temperature or
under slightly elevated temperature and capable of
cross-linking, is MED-4840 (NuSiI Technology LLC,
Carpinteria, CA). Insome embodiments of the present
invention, a monolithic intravaginal ring can comprise
progesterone, mineral oil and MED-4840 elastomer. The
MED-4840 elastomer is composed of two parts, part A
and part B. The chemical composition of MED-4840 part
A comprises dimethylpolysiloxane vinyl endblocked
polymer, fumed silica (non crystalline) trimethylsilyl
treated and a platinum silicone complex. The chemical
composition of MED-4840 part B comprises a
dimethylpolysiloxane vinyl endblocked polymer, fumed
silica (non-crystalline) trimethylsilyl treated,
dimethylmethylhydrogen polysiloxane and
2-methyl-3-butyn-2-ol. Form A and form B undergo
cross-linkage to form a dimethylpolysiloxane
elastomer. [0070] hi some embodiments of the present
invention, the polysiloxane elastomer is a
diorganopolysiloxane elastomer. hi some embodiments,
the diorganopolysiloxane elastomer is
dimethylpolysiloxane elastomer. hi some embodiments,
the dimethylpolysiloxane elastomer further comprises a
dimethylmethylhydrogen polysiloxane cross-link hi some
embodiments of the present invention, the polysiloxane
elastomer is MED-4840. [0071] hi some embodiments, the
polysiloxane elastomer is present in a concentration
of about 55% to about 90% by total weight of the ri ng
hi some embodiments, the polysiloxane elastomer is
present in a concentration of about 60% to about 80%
by total weight of the ring, or about 65% to about 75%
by total weight of the ring. [0072] hi some
embodiments, the monolithic intravaginal ring
comprises a pharmaceutically-acceptable hydrocarbon or
glycerol esters of a fatty acid. The glycerol esters
of a fatty acid can be monoesters, diesters, triesters
and mixtures thereof. The fatty acid glycerol esters
can be of a synthetic or natural origin, hi some
embodiments, the monolithic intravaginal ring
comprises a pharmaceutically-acceptable oil. hi some
embodiments the oil can be a vegetable oil or a
mineral oil. hi some embodiments, the oil can be olive
oil, peanut oil, lanoline, silicone oil, mineral oil,
glycerine fatty acids or combinations thereof. [0073]
hi some embodiments, the pharmaceutically acceptable
hydrocarbon or glycerol esters of a fatty acid is
present in a concentration of about 0.1% to about 10%
by total weight of the ring. In some embodiments the
pharmaceutically acceptable hydrocarbon or glycerol
esters of a fatty acid is present in a concentration
of about 1% to about 6% bytotal weight of the ring. hi
some embodiments of the present invention, the
pharmaceutically acceptable hydrocarbon or glycerol
esters of a fatty acid is mineral oil. [0074] hi some
embodiments, progesterone is substantially
homogeneously dispersed in the intravaginal ring. As
used herein, "homogeneous" refers to a composition,
e.g., the intravaginal ring, that has a substantially
uniform distribution of ingredients throughout (i.e.,
an intravaginal ring of the present invention does not
have a composition gradient, or a multi-laminate
structure). 



[0075] hi some embodiments, the progesterone is
present in a concentration of about 1% to about 60% by
total weight of the ring, in a concentration of about
10% to about 40% by total weight of the ring, in a
concentration of about 15% to about 30% by total
weight of the ring, or in a concentration of about 20%
to about 25% by total weight of the ring. [0076] In
some embodiments, the intravaginal rings of the
present invention release about 10 mg to about 50 mg
of progesterone/day in vitro, about 10 mg to about 40
mg of progesterone/day in vitro, about 10 mg to about
30 mg of progesterone/day in vitro, or about 10 mg to
about 20 mg of progesterone/day in vitro. [0077] hi
some embodiments, the intravaginal rings release about
14 mg to about 28 mg of progesterone/day in vitro,
about 16 mg to about 25 mg of progesterone/day in
vitro, or about 18 mg to about 22 mg of
progesterone/day in vitro hi some embodiments, the
intravaginal ring releases about 16 mg of
progesterone/day in vitro. hi some embodiments, the
intravaginal ring releases about 19 mg of
progesterone/day in vitro. [0078] hi some embodiments,
the intravaginal rings release about 25 mg to about 50
mg of progesterone/day in vitro, about 25 mg to about
40 mg of progesterone/day in vitro, about 30 mg to
about 40 mg of progesterone/day in vitro, or about 32
mg to about 36 mg of progesterone/day in vitro. [0079]
As used herein, the "rate of release" or "release
rate" refers to an amount or concentration of active
agent that is released from the intravaginal ring over
a defined period of time. The release rate can be
measured in vitro by placing the ring into an Orbital
shaker at 50 rpm containing 250 mL of 0.008 M SDS at
37 0C. The active agent can be assayed by methods
known in the art, e.g., by HPLC. [0080] The
intravaginal rings of the present invention can
release about 10 mg to about 40 mg of progesterone/day
in vivo, about 10 mg to about 30 mg of
progesterone/day in vivo, about 10 mg to about 25 mg
of progesterone/day in vivo, about 12 mg to about25 mg
of progesterone/day in vivo, about 15 mg to about 25
mg of progesterone/day in vivo, about 16 mg to about
24 mg of progesterone/day in vivo, about 17 mg to
about 22 mg of progesterone/day in vivo, or about 18
mg to about 22 mg of progesterone/day in vivo. [0081]
In some embodiments, the progesterone is released from
the intravaginal ring at a steady rate for up to about
18 days after administration to a patient, for up to
about 14 days after administration to a patient, for
up to about 7 days after administration to a patient,
or for up to about 4 days after administration to a
patient. [0082] In some embodiments, after the first
day of administration to a patient, the progesterone
is released at a steady rate for up to about 17
additional days, for up to about 13 additional days,
for up to about 6 additional days, or for up to about
3 additional days after administration. [0083] As used
herein, a "steady rate" is a release rate that does
not vary by an amount greater than about 70% of the
amount of progesterone released in vivo per day, by an
amount greater than about 60% of the amount of
progesterone released in vivo per day, by an amount
greater than about 50% of the amount of progesterone
released in vivo per day, by an amount greater than
about 40% of the amount of progesterone released in
vivo per day, by an amount greater than about 30% of
the amount of progesterone released in vivo per day,
by an amount greater than about 20% of the amount of
progesterone released in vivo per day, by an amount
greater than about 10% of the amount of progesterone
released in vivo per day, or by an amount greater than
about 5% of the amount of progesterone released in
vivo per day. [0084] In some embodiments, the steady
rate encompasses a release rate in vivo of about 15
mg/day to about 25 mg/day, about 16 mg/day to about 24
mg/day, about 17 mg/day to about 22 mg/day or about 18
mg/day to about 20 mg/day. hi some embodiments, the
steady rate encompasses a release rate of about 12
mg/day to about 16 mg/day, about 12 mg/day to about 15
mg/day, about 12 mg/day to about 14 mg/day, or about
12 mg/day to about 13 mg/day. In some embodiments, the
steady rate encompasses about 13 mg/day to about 18
mg/day, about 13 mg/day to about 17 mg/day, about 13
mg/day to about 16 mg/day, about 13 mg/day to about 15
mg/day, or about 13 mg/day to about 14 mg/day. In some
embodiments, the steady rate encompasses about 11
mg/day to about 15 mg/day,about 11 mg/day to about 14
mg/day, about 1 1 mg/day to about 13 mg/day, or about
11 mg/day to about 12 mg/day. [0085] In some
embodiments, the serum levels of progesterone are
maintained over a relatively constant level. In some
embodiments, serum progesterone levels are maintained
at about 1 ng/mL to about 10 ng/mL, about 2 ng/mL to
about 8 ng/mL, about 2 ng/mL to about 7 ng/mL, about 2
ng/mL to about 6 ng/mL, about 3 ng/mL to about 6
ng/mL, about 4 ng/mL to about 6 ng/mL, or about 5
ng/mL to about 6 ng/mL. [0086] In some embodiments,
serum progesterone levels are maintained at about 4
ng/mL to about 10 ng/mL, about 4 ng/mL to about 9
ng/mL, about 5 ng/mL to about 8 ng/mL, or about 6
ng/mL to about 8 ng/mL. [0087] In some embodiments,
progesterone serum levels are maintained below about 7
ng/mL, below about 6 ng/mL, below about 5 ng/mL, below
about 4 ng/mL, below about 3 ng/mL, below about 2
ng/mL, or below about 1 ng/mL. [0088] In some
embodiments, these progesterone serum levels are
maintained from about 1 day to about 18 days after
administration to a patient, from about 1 day to about
14 days after administration to a patient, from about
1 day to about 10 days after administration to a
patient, from about 1 day to about 7 days after
administration to a patient, or from about 1 day to
about 4 days after administration to a patient. In
some embodiments, these progesterone serum levels are
maintained from about 2 days to about 18 days after
administration to a patient, from about 2 days to
about 14 days after administration to a patient, from
about 2 days to about 7 days after administration to a
patient, or from about 2 days to about 4 days after
administration to a patient. [0089] In some
embodiments, the present invention is directed to a
monolithic intravaginal ring for treating a luteal
phase defect in a patient in need thereof, the ring
comprising about 5% to about 40% by weight of
progesterone, about 55% to about 90% by weight of
polysiloxane elastomer, and about 0.1% to about 10% by
weight of a pharmaceutically acceptable hydrocarbon or
glycerol esters of a fatty acid, wherein the
progesterone is homogeneously dispersed in the
elastomer. [0090] In some embodiments, the present
invention is directed to a monolithic intravaginal
ring for treating a luteal phase defect in a patient
in need thereof, the ring comprising about 5% to about
40% by weight of progesterone, about 55% to about
90%by weight of dimethylpolysiloxane elastomer, and
about 0.1% to about 10% by weight of mineral oil,
wherein the progesterone is homogeneously dispersed in
the elastomer. [0091] In some embodiments, the present
invention is directed to a monolithic intravaginal
ring for treating a luteal phase defect in a patient
in need thereof, the ring comprising about 10% to
about 30% by weight of progesterone, about 60% to
about 80% by weight of polysiloxane elastomer, and
about 1% to about 8% by weight of a pharmaceutically
acceptable hydrocarbon or glycerol esters of a fatty
acid, wherein the progesterone is homogeneously
dispersed in the elastomer. [0092] hi some
embodiments, the present invention is directed to a
monolithic intravaginal ring for treating a luteal
phase defect in a patient in need thereof, the ring
comprising about 10% to about 30% by weight of
progesterone, about 60% to about 80% by weight of
dimethylpolysiloxane elastomer, and about 1% to about
8% by weight of a mineral oil, wherein the
progesterone is homogeneously dispersed in the
elastomer. [0093] In some embodiments, the present
invention is directed to a monolithic intravaginal
ring for treating a luteal phase defect in a patient
in need thereof, the ring comprising about 20% to
about 25% by weight of progesterone, about 65% to
about 75% by weight of polysiloxane elastomer, and
about 1% to about 6% by weight of a pharmaceutically
acceptable hydrocarbon or glycerol esters of a fatty
acid, wherein the progesterone is homogeneously
dispersed in the elastomer. [0094] hi some
embodiments, the present invention is directed to a
monolithic intravaginal ring for treating a luteal
phase defect in a patient in need thereof, the ring
comprising about 20% to about 25% by weight of
progesterone, about 65% to about 75% by weight of
dimethylpolysiloxane elastomer, and about 1% to about
6% by weight of a mineral oil, wherein the
progesterone is homogeneously dispersed in the
elastomer, and wherein the progesterone is released
from the monolithic intravaginal ring for about 18
days after administration to the patient. [0095] The
invention is directed to a process for making a
monolithic intravaginal ring, the process comprising
(a) mixing progesterone, a pharmaceutically acceptable
hydrocarbon or glycerol esters of a fatty acid, and a
polysiloxane to form a homogeneous mixture, (b)
placing the homogeneous mixture into a mold and, (c)
curing the homogeneous mixture in the mold to form a
monolithic intravaginal ring comprising a polysiloxane
elastomer, the progesterone, and the pharmaceutically
acceptablehydrocarbon or glycerol esters of a fatty
acid. In some embodiments of the present invention,
the polysiloxane is vinyl end blocked. [0096] In some
embodiments, the mold is cured at about 60 0C to about
180 0C, about 70 0C to about 150 0C, about 80 0C to
about 120 0C, or about 85 0C to about 95 0C. In some
embodiments, the ring is cured outside the mold. In
some embodiments, the process further comprises mixing
a second polysiloxane into the homogeneous mixture
prior to placing it into the mold. In some
embodiments, the second polysiloxane is a
cross-linker. In some embodiments, the cross-linker is
dimethylmethylhydrogen polysiloxane. In some
embodiments, the placing of the homogeneous mixture
into the mold is by injection. [0097] The present
invention is directed to a method for treating a
luteal phase defect in a patient in need thereof, the
method comprising administering to a patient a
monolithic intravaginal ring comprising (a)
progesterone, (b) a dimethylpolysiloxane elastomer,
and (c) a pharmaceutically acceptable hydrocarbon or
glycerol esters of a fatty acid, wherein the ratio of
progesterone to elastomer is about 1:1 to about 1:10,
the progesterone is homogeneously dispersed in the
elastomer, the ratio of progesterone to hydrocarbon or
glycerol esters of a fatty acid is about 1:0.1 to
about 1:100, and wherein the progesterone is released
from the monolithic intravaginal ring for up to about
18 days after administration to the patient. [0098] In
some embodiments, the ratio of progesterone to
elastomer is about 1:1 to about 1:10, about 1:1 to
about 1:8, about 1:1 to about 1:6, about 1:1 to about
1:4, or about 1:2 to about 1:5. [0099] In some
embodiments, the ratio of progesterone to hydrocarbon
or glycerol esters of a fatty acid is about 1:0.1 to
about 1:100, about 1:0.1 to about 1:50, about 1:0.1 to
about 1:25, about 1:0.1 to about 1:10, or about 1:0.1
to about 1:1. [0100] The present invention is directed
to a method for treating a luteal phase defect in a
patient in need thereof, the method comprising
administering to a patient a monolithic intravaginal
ring comprising (a) progesterone, (b) a
dimethylpolysiloxane elastomer, and (c) a
pharmaceutically acceptable hydrocarbon or glycerol
esters of a fatty acid, in a ratio of about 4:15:1,
respectively (by weight), wherein the progesterone is
homogeneously dispersed in the elastomer, and wherein
the progesterone is released from the monolithic
intravaginal ring for up to about 18 days after
administration to the patient.[0101] The present
invention is directed to a method for treating a
luteal phase defect in a patient in need thereof, the
method comprising administering to a patient a
monolithic intravaginal ring comprising (a)
progesterone, (b) a dimethylpolysiloxane elastomer,
and (c) a pharmaceutically acceptable hydrocarbon or
glycerol esters of a fatty acid, in a ratio of about
20:90:1, respectively (by weight), wherein the
progesterone is homogeneously dispersed in the
elastomer, and wherein the progesterone is released
from the monolithic intravaginal ring for up to about
18 days after administration to the patient. [0102]
The present invention is directed to a method for
treating a luteal phase defect in a patient in need
thereof, the method comprising administering to a
patient a monolithic intravaginal ring comprising (a)
progesterone, (b) a dimethylpolysiloxane elastomer,
and (c) a pharmaceutically acceptable hydrocarbon or
glycerol esters of a fatty acid, in a ratio of about
40:40:1, respectively (by weight), wherein the
progesterone is homogeneously dispersed in the
elastomer, and wherein the progesterone is released
from the monolithic intravaginal ring for up to about
18 days after administration to the patient. [0103]
The present invention is directed to a method for
treating a luteal phase defect in a patient in need
thereof, the method comprising administering to the
patient a monolithic intravaginal ring comprising (a)
about 10% to about 40% by weight of progesterone, (b)
about 55% to about 90% by weight of a
dimethylpolysiloxane elastomer, and (c) about 0.1% to
about 10% by weight of a pharmaceutically acceptable
hydrocarbon or glycerol esters of a fatty acid,
wherein the progesterone is homogeneously dispersed in
the elastomer, and wherein the progesterone is
released from the monolithic intravaginal ring for up
to about 18 days after administration to the patient.
[0104] The present invention is directed to a method
for treating a luteal phase defect in a patient in
need thereof, the method comprising administering to
the patient a monolithic intravaginal ring comprising
(a) about 15% to about 25% by weight of progesterone,
(b) about 70% to about 80% by weight of a
dimethylpolysiloxane elastomer, and (c) about 1% to
about 10% by weight of a pharmaceutically acceptable
hydrocarbon or glycerol esters of a fatty acid,
wherein the progesterone is homogeneously dispersed in
the elastomer, and wherein the progesterone is
released from the monolithic intravaginal ring for up
to about 18 days after administration to the patient.
[0105] In some embodiments, the intravaginal ring is
replaced with a new ring after about 18 days following
administration to the patient, after about 14 days
followingadministration to the patient, after about 10
days following administration to the patient, after
about 7 days following administration to the patient,
after about 5 days following administration to the
patient, after about 4 days following administration
to the patient, after about 3 days following
administration to the patient, or after about 2 days
following administration to the patient. In accordance
with the present invention, the intravaginal ring is
not maintained longer than about 20 days before it is
replaced with a new ring. [0106] The intravaginal ring
can be administered about one to seven days before
embryo transfer, about two to six days before embryo
transfer, about two to five days before embryo
transfer, or about three to four days before embryo
transfer. The administration of the intravaginal ring
can be supplemented by other hormone administration,
for example oral administration of estradiol. [0107]
hi some embodiments, progesterone is administered via
the intravaginal ring of the present invention for
about 10 weeks, for about 8 weeks, for about 6 weeks,
for about 4 weeks, for about 2 weeks, or for about 1
week. [0108] hi some embodiments, the present
invention is directed to a method for treating a
luteal phase defect in a patient in need thereof, the
method comprising administering to the patient a
monolithic intravaginal ring comprising (a)
progesterone, (b) MED-4840, and (c) a pharmaceutically
acceptable hydrocarbon or glycerol esters of a fatty
acid, wherein the ratio of progesterone to MED-4840 is
about 1:1 to about 1:10, the progesterone is
homogeneously dispersed in the elastomer, the ratio of
progesterone to hydrocarbon or glycerol esters of a
fatty acid is about 1:0.1 to about 1:100, wherein the
progesterone is released from the intravaginal ring at
about 15 mg/day to about 25 mg/day in vivo, and
wherein the intravaginal ring is replaced after about
every 7 days following administration to the patient.
[0109] In some embodiments, the present invention is
directed to a method for treating a luteal phase
defect in a patient in need thereof, the method
comprising administering to the patient a monolithic
intravaginal ring comprising (a) progesterone, (b) a
dimethylpolysiloxane elastomer, and (c) mineral oil,
in a ratio of about 4:15:1, respectively, wherein the
progesterone is homogeneously dispersed in the
elastomer, and released from the intravaginal ring at
about 15 mg/day to about 25 mg/day in vivo, and
wherein the intravaginal ring is replaced after about
every 7 days following administration to the
patient.[0110] In some embodiments, the present
invention is directed to a method for treating a
luteal phase defect in a patient in need thereof, the
method comprising administering to a patient a
monolithic intravaginal ring comprising (a) about 20%
progesterone, (b) about 75% MED-4840, and (c) about 5%
mineral oil, wherein the progesterone is 



homogeneously dispersed in the elastomer, wherein the
progesterone is released from the intravaginal ring at
about 15 mg/day to about 25 mg/day in vivo, and
wherein the intravaginal ring is replaced after about
every 7 days following administration to the patient.
[0111] The following examples are for the purpose of
illustration of the invention only and are not
intended in any way to limit the scope of the present
invention. It will thus be readily apparent to one
skilled in the art that varying substitutions and
modifications may be made to the invention disclosed
herein without departing from the scope and spirit of
the invention. EXAMPLES Example 1 [0112] FIG. 2
depicts a process flow chart representing a process
for preparing a monolithic intravaginal ring of the
present invention. Micronized progesterone, MED-4840
elastomer part A, and mineral oil were combined to
form a homogeneous mixture ("the part A mix").
Micronized progesterone, MED-4840 elastomer part B,
and mineral oil were combined to form a second
homogeneous mixture ("the part B mix"). [0113] The
part A mix was prepared by placing about 20% (by
weight of the final product) micronized progesterone,
about 75% (by weight of the final product) MED-4840
part A polysiloxane, and about 5% (by weight of the
final product) mineral oil in a Ross DPM-4 mixer (Ross
double planetary mixer and dispenser supplied by
Charles Ross & Son, Hauppauge, NY), where the
ingredients were mixed and degassed under vacuum for
about 30 minutes. The part A mix was then transferred
to pre-weighed disposable cartridges. [0114] The part
B mix was prepared by placing about 20% (by weight of
the final product) micronized progesterone, about 75%
(by weight of the final product) MED-4840 part B
polysiloxane and about 5% (by weight of the final
product) mineral oil in a RossDPM-4 mixer, where the
ingredients were mixed and degassed under vacuum for
about 30 minutes. The part B mix was then transferred
to pre-weighed disposable cartridges. [0115] The part
A mix and the part B mix cartridges were then placed
on separate pumps of a Gluco P20LS injection molding
machine (supplied by Gluco, Jenison, MI). The machine
then injected both the A and B mixes at a 1:1 ratio
into a static mixer to produce a homogeneous mix
in-line. The in-line homogeneous mix was immediately
injected into a multi-cavity mold for filling at
ambient temperature. [0116] The filled molds were
removed from the machine and transferred to a Grieve
oven (Grieve Corp., Round Lake, IL) for curing at
about 90 C for about eight hours. The molds were then
allowed to cool to room temperature and disassembled
to remove the rings. Entry and exit runners and
flashing were removed from the rings, which were then
trimmed prior to packaging in heat-sealed foil
pouches. [0117] The process yielded a monolithic
intravaginal ring with a composition as listed in
Table 1, with an outside diameter of about 55 mm, an
inside diameter of about 38 mm, and a cross-sectional
diameter of about 8.5 mm (as depicted in FIG. 1).
[0118] The in vitro dissolution profile of the
intravaginal ring was determined using an Orbital
shaker containing 250 mL of 0.008 M SDS at 37 0C at 50
rpm. These results are listed in FIG. 5. When
administered to the vaginal tract of a patient, the
intravaginal ring releases about 10 mg/day to about 30
mg/day of progesterone over about 7 days. Table 1:
Composition of the monolithic intravaginal ring of
Example 1 (mass/g) (% wt of ring) Micronized
Progesterone 1.8 20 Mineral Oil 0.45 5 MED-4840 Part A
3.375 37.5 MED-4840 Part B 3.375 37.5 Total 9.000
100Example 2 [0119] A pharmacodynamic study to compare
an intravaginal ring of Example 1 to a progesterone
vaginal gel for luteal phase replacement was
conducted. [0120] This was a single-center,
open-label, randomized, active-controlled,
comparative, pharmacodynamic study to evaluate a
single dose of progesterone, delivered by vaginal
ring, for resultant endometrial transformation and
luteal phase replacement. The study had 2 treatment
arms. One investigator enrolled and randomized 20
eligible women aged 18-50, with 10 women per treatment
arm (21 subjects were randomized and one subject
discontinued from the vaginal gel treatment arm when
she was found to have cervical dysplasia on her Pap
smear). The overall study duration for each patient
was approximately months. The subject demographics are
shown in Table 2. Table 2: Sub ect Demo ra hics [0121]
All patients met all inclusion and none of the
exclusion criteria as specified in the protocol.
Continued participation in the study depended on the
patient meeting the protocol requirement at the
randomization visit. The study duration was 31 days
plus two weeks of post-treatment follow-up. In the
first 14 days, estradiol pre-treatment was given in
attempt to generate a proliferative phase of the
endometrium. [0122] Subjects enrolled in the mock
cycle received oral contraceptive pills ("OCPs") for 2
weeks and a GnRH agonist (Lupron(r), TAP
Pharmaceuticals, Chicago, IL) to suppress ovarian
function. The GnRH agonist was initiated on day 8 of
the OCPs in the cycle preceding the mock and/or
transfer cycle and continued until estradiol patches
were initiated. The estradiol regimen was determined
by the site's mock cycle protocol and/or the clinical
investigator's discretion. Estradiol pre-treatment was
generally administeredin a step-up fashion (0.2 mg
days 1-7, 0.3 mg days 8-11 and 0.4 mg days 12-14 every
other day, Vivelle patches) to generate a
proliferative phase of the endometrium. [0123]
Subjects with an endometrial thickness >6 mm were
randomized in a 1:1 fashion to either a progesterone
intravaginal ring (10-30 mg/day, Duramed Research,
Inc., BaIa Cynwyd, PA) or a progesterone vaginal gel
(Crinone(r), 180 mg/day, Columbia Laboratories, Inc.,
Livingston, NJ) and taught to administer the product.
A progesterone intravaginal ring 10-30 mg/day (in
vitro release rate) or progesterone vaginal gel (180
mg/day), together with estradiol (per the site's
protocol, e.g., 0.2 mg/day), was administered over the
next 18 days to transform the endometrium to the
secretory phase. The progesterone intravaginal ring
was replaced one time on day 8, while the vaginal gel
was administered twice a day for the full 18 days of
progesterone dosing. Serum progesterone and estradiol
samples were collected at cycle day 0, 14, 15, 16, 18,
21, 22, 23, 25, 28, and 31. An endometrial biopsy was
performed on cycle day 25 or 26 and endometrial dating
was performed according to Noyes et al., Fertil.
Steril., 1:3-25 (1950). Intravaginal ring compliance
was determined at each study visit. Vaginal colposcopy
was performed at screening and on cycle day 3 1 to
determine whether there was potential vaginal and
cervical irritation. [0124] The objectives of the
study were to determine in women with clinical or
medically-induced agonadism (who were administered the
intravaginal ring) (a) the proportion of patients with
adequate endometrial transformation (on endometrial
biopsy) as determined by histological dating of the
endometrium, (b) progesterone and estradiol levels in
the serum obtained from patients, and (c) the safety
and tolerability of progesterone delivered by an
intravaginal ring as compared with a progesterone
vaginal gel. The study was performed on twenty
patients with an estrogen-primed endometrium. [0125]
Subjects were women aged 18-50 with clinical or
medically-induced agonadism who were eligible for
oocyte donation. Subjects with a history of more than
two failed donor egg cycles, significant prior uterine
surgery, hysterectomy, or clinically significant
uterine pathology were excluded from the study. [0126]
The intravaginal ring of Example 1 was administered to
the subject, and the duration of the dosing regimen
lasted 18 days, wherein the intravaginal ring was
replaced once in the 18 day period, on day 8. In
subjects that were administered the
progesteronevaginal gel, the vaginal application of
180 mg/day for 18 days was dosed at 90 mg twice a day.
[0127] The primary efficacy measure was the presence
or absence of adequate secretory transformation of the
endometrium as determined by biopsy on either cycle
day 25 or 26. The proportion of patients having an
in-phase biopsy and adequate endometrial secretory
transformation determined by histological dating of
the endometrium, as defined by the histological test
results, was calculated. The intravaginal ring of
Example 1 adequately transformed the endometrium to
secretory phase in 8 out of 10 patients while the
vaginal gel 180 mg/day did so in 10 out of 10
patients. [0128] However, additional outside factors
may have contributed to the failure in the two
patients who did not exhibit endometrial
transformation. One subject had a non-datable
endometrium; predominantly inactive with tubal
metaplasia, but showing small foci of secretory
exhaustion, suggestive of an uneven end-organ response
to the hormonal milieu (i.e., irregular ripening).
There was a fibroid found in surgery post-study, which
could have affected blood supply to the endometrium.
Post-surgery, the subject went through a mock cycle
with micronized progesterone 200 mg t.i.d. and
underwent a biopsy that showed adequate
transformation. This same subject underwent a donor
egg IVF using micronized progesterone that resulted in
a negative bhCG. The subject is considering one more
FVF attempt with a donor egg. The second subject was a
37 year-old with gonadal dysgenesis (streak ovaries
and ovarian failure) and no periods since birth who
exhibited a mixed inactive and exhausted secretory
endometrium; features favored late secretory phase,
but no precise dating was possible. This subject was
screened twice for the study, and after the first
estradiol pre-treatment had an endometrial lining <6
mm. The subject was allowed to re-screen for the
study; and after the second screening and estradiol
pretreatment, the subject had an endometrial lining >6
mm. Post-study, the subject went through a mock cycle
with IM progesterone, and underwent a biopsy that
showed adequate transformation. This same subject
underwent a donor egg IVF using EVI progesterone (50
mg) that resulted in a positive bhCG and an ongoing
pregnancy with delivery. [0129] Estradiol serum levels
in the intravaginal ring treatment group were
comparable with that of the Crinone(r) group, while
progesterone serum levels in the intravaginal ring
treatment group were on average lower than those for
Crinone(r) (6.02 ng/mL vs.14.18 ng/mL). Estradiol
serum levels of the treatment groups at various time
points is shown below in Table 3 and schematically in
FIG. 3. Progesterone serum levels of the treatment
groups at various time points is shown below in Table
4 and schematically in FIG. 4.Table 3: Estradiol Serum
Levels and Changes During the Study - Progesterone
Vaginal Ring - -8%Progesterone Vaginal Gel - Total- N
Mean(Std) Median (Min,Max) N Mean(Std) Median
(Min,Max) N Mean(Std) Median (Min,Max) Estradiol
(ng/mL) Beginning 10 19 8 (16 29) 10 0 ( 10 0, 6 1 0)
10 32 4 (44 61) 10 0 (10 0, 152 0) 20 26 1 (33 32) 10
0 (10 0, 152 0) Cycle Day 14 10 280 4 (91 69) 264 0 (
172 0, 410 0) 10 345 1 (100 85) 339 0 (232 0, 498 0)
20 3 12 8 (99 50) 304 0 ( 172 0, 498 0) Change from
Beginning 10 260 6 (86 82) 242 5 (162 0, 394 0) 10 3
12 7 (121 15) 3 18 5 ( 110 0, 488 0) 20 286 7 (106 01)
277 5 ( 110 0, 488 0) to Day 14 Cycle Day 15 10 229 0
(145 69) 205 0 (108 0, 616 0) 10 283 0 ( 111 48) 274 5
(141 0, 453 0) 20 256 0 (129 26) 208 5 (108 0, 6 16 0)
Change from Beginning 10 209 2 (148 5 1) 180 0 (98 0,
606 0) 10 250 6 ( 118 12) 201 5 ( 1 12 0, 443 0) 20
229 9 (132 3 1) 18 1 5 (98 0, 606 0) to Day 15 Cycle
Day 16 10 188 2 (93 35) 160 5 (61 6, 346 0) 10 229 9
(102 28) 207 5 (65 9, 408 0) 20 209 0 (97 68) 192 0
(61 6, 408 0) Change from Beginning 10 168 4 (87 00)
150 5 (50 0, 293 0) 10 197 5 ( 112 30) 188 0 (25 0,
398 0) 20 182 9 (98 91) 169 0 (25 0, 398 0) to Day 16
Cycle Day 18 10 198 2 (74 44) 199 5 (84 1, 322 0) 10
232 9 (145 87) 186 5 (102 0, 501 0) 20 215 6 ( 114 11)
198 0 (84 1, 501 0) Change from Beginning 10 178 4 (71
55) 172 0 (61 1, 296 0) 10 200 5 (159 59) 176 5 (-50
0, 491 0) 20 189 5 (120 90) 172 0 (-50 0, 491 0) to
Day 18 Cycle Day 2 1 10 216 5 (139 59) 167 5 (64 8,
496 0) 10 186 6 (82 09) 172 5 (66 0, 35 1 0) 20 201 5
( 112 50) 167 5 (64 8, 496 0) Change from Beginning 10
196 7 (142 3 1) 143 0 (41 8, 486 0) 10 154 2 (96 53)
152 5 ( 13 0, 341 0) 20 175 4 (120 34) 152 5 (13 0,
486 0) to Day 2 1 Cycle Day 22 10 221 0 (126 25) 184 0
(76 5, 504 0) 10 259 1 (86 13) 226 0 ( 187 0, 436 0)
20 240 0 (106 99) 201 5 (76 5, 504 0) Change from
Beginning 10 201 2 ( 119 09) 174 0 (53 5, 478 0) 10
226 7 (95 57) 201 0 (74 0, 380 0) 20 213 9 (105 90)
183 0 (53 5, 478 0) to Day 22 Cycle Day 23 10 236 8
(146 75) 157 5 (92 0, 5 14 0) 10 212 7 (79 13) 191 5
(135 0, 382 0) 20 224 8 ( 115 41) 172 5 (92 0, 514 0)
Change from Beginning 10 2 17 0 (144 87) 141 0 (64 0,
504 0) 10 180 3 (75 48) 156 5 (106 0, 372 0) 20 198 7
( 113 99) 15 1 5 (64 0, 504 0) to Day 23 Cycle Day 25
10 190 5 (8 1 33) 169 0 ( 100 0, 355 0) 10 193 1 (145
48) 142 5 (63 8, 539 0) 20 191 8 ( 114 72) 154 5 (63
8, 539 0) Change from Beginning 10 170 7 (77 35) 156 5
(90 0, 329 0) 10 160 7 (123 48) 123 0 (53 8, 483 0) 20
165 7 (100 41) 135 0 (53 8, 483 0) to Day 25 Cycle Day
28 10 223 7 (104 99) 184 0 ( 102 0, 4 18 0) 10 282 1
(158 28) 309 0 (88 9, 610 0) 20 252 9 (134 11) 212 0
(88 9, 610 0) Change from Beginning 10 203 9 (98 75)
174 0 (79 0, 392 0) 10 249 7 (153 35) 247 0 (78 9, 600
0) 20 226 8 (127 72) 192 5 (78 9, 600 0) to Day 28
Cycle Day 3 1 10 124 2 (73 10) 123 0 (34 0, 296 0) 10
115 3 (63 02) 96 0 (47 0, 234 0) 20 119 7 (66 58) 112
5 (34 0, 296 0)Progesterone Vaginal Ring
8%Progesterone Vaginal Gel- Total - N Mean(Std) Median
(Min,Max) N Mean(Std) Median (Min,Max) N Mean(Std)
Median (Min,Max) Change from Beginning 10 104 4 (69
67) 96 0 (24 0, 270 0) 10 82 9 (54 8 1) 7 1 5 (17 0,
178 0) 20 93 6 (62 00) 79 5 ( 17.0, 270 0) to Day 3 1
Table 4: Progesterone Serum Levels and Changes During
the Study - Progesterone Vaginal Ring 8% Progesterone
Vaginal Gel - Total N Mean(Std) Median (Min,Max) N
Mean(Std) Median (Min,Max) N Mean(Std) Median
(Min,Max) Progesterone (ng/mL) Beginning 10 0.9 (0.71)
0.6 (0.2, 2.5) 10 0.9 (0.32) 0.9 (0.6, 1.6) 20 0.9
(0.53) 0.8 (0.2, 2.5) Cycle Day 14 10 0.7 (0.33) 0.7
(0.1, 1.4) 10 0.8 (0.24) 0.8 (0.5, 1.2) 20 0.7 (0.28)
0.7 (0.1, 1.4) Change from Beginning 10 -0.2 (0.54)
-0.1 (-1.5, 0.5) 10 -0.1 (0.21) -0.2 (-0.6, 0.2) 20
-0.2 (0.40) -0.1 (-1.5, 0.5) to Day 14 Cycle Day 15 10
5.2 (2.00) 4.7 (3.3, 9.0) 10 11.9 (6.48) 11.6 (3.6,
26.0) 20 8.5 (5.79) 6.6 (3.3, 26.0) Change from
Beginning 10 4.3 (1.77) 3.4 (2.7, 7.3) 10 10.9 (6.46)
10.5 (2.6, 25.2) 20 7.6 (5.75) 5.8 (2.6, 25.2) to Day
15 Cycle Day 16 10 5.6 (1.85) 5.6 (3.5, 9.2) 10 13.3
(3.95) 14.0 (5.8, 19.7) 20 9.4 (4.96) 8.5 (3.5, 19.7)
Change from Beginning 10 4.7(1.73) 4.5 (3.0, 8.5) 10
12.4(3.89) 12.6 (5.2, 18.9) 20 8.5 (4.92) 7.3 (3.0,
18.9) to Day 16 Cycle Day 18 10 6.7 (1.96) 7.1 (4.0,
9.5) 10 13.0 (4.76) 12.8 (6.9, 23.4) 20 9.8 (4.80) 8.7
(4.0, 23.4) Change from Beginning 10 5.8 (1.90) 5.7
(3.4, 8.9) 10 12.0 (4.79) 11.9 (6.3, 22.6) 20 8.9
(4.80) 7.7 (3.4, 22.6) to Day 18 Cycle Day 2 1 10 6.6
(1.70) 5.9 (4.6, 9.4) 10 13.2 (4.81) 12.2 (7.4, 22.4)
20 9.9 (4.89) 8.7 (4.6, 22.4) Change from Beginning 10
5.7 (1.80) 5.2 (3.2, 8.8) 10 12.3 (4.77) 11.3 (6.8,
21.6) 20 9.0 (4.89) 7.7 (3.2, 21.6) to Day 2 1 Cycle
Day 22 10 6.5 (2.00) 6.2 (3.9, 9.7) 10 14.8 (6.02)
15.8 (6.6, 26.3) 20 10.6 (6.11) 8.7 (3.9, 26.3) Change
from Beginning 10 5.5 (2.01) 5.0 (3.4, 8.5) 10 13.9
(6.00) 14.5 (6.0, 25.5) 20 9.7 (6.10) 7.9 (3.4, 25.5)
to Day 22 Cycle Day 23 10 6.5 (1.80) 6.5 (3.5, 9.3) 10
16.9 (10.31) 14.5 (7.2, 38.5) 20 11.7 (8.98) 7.9 (3.5,
38.5) Change from Beginning 10 5.6 (1.92) 5.3 (3.0,
8.7) 10 16.0(10.33) 13.5 (5.9, 37.7) 20 10.8 (9.00)
7.2 (3.0, 37.7) to Day 23 Cycle Day 25 10 5.7 (1.54)
5.8 (3.7, 7.8) 10 14.7 (6.37) 16.2 (5.4, 26.8) 20
10.2(6.46) 7.1 (3.7, 26.8)- Progesterone Vaginal Ring
- -8% Progesterone Vaginal Gel - Total N Mean(Std)
Median (Min.Max) N Mean(Std) Median (Min,Max) N
Mean(Std) Median (Min,Max) Change from Beginning 10
4.8 (1.48) 4.7 (3.1, 7.4) 10 13.8 (6.42) 15.2 (4.8,
26.0) 20 9.3 (6.47) 6.1 (3.1, 26.0) to Day 25 Cycle
Day 28 10 5.7 (1.38) 6.0 (3.8. 8.0) 10 15.1 (7.19)
15.7 (6.2, 29.0) 20 10.4 (6.96) 6.9 (3.8, 29.0) Change
from Beginning 10 4.8 ( 1.46) 4.7 (3.2, 7.8) 10 14.2
(7.07) 15.0 (5.5, 27.7) 20 9.5 (6.91) 5.9 (3.2, 27.7)
to Day 28 Cycle Day 3 1 10 5.7 (1.52) 5.5 (3.2. 8.1)
10 14.7 (6.54) 14.4 (3.7, 27.3) 20 10.2 (6.51) 7.7
(3.2, 27.3) Change from Beginning 10 4.8 (1.52) 4.7
(2.6, 7.7) 10 13.7 (6.57) 13.8 (3.1, 26.5) 20 9.3
(6.52) 6.6 (2.6, 26.5) to Day 3 1Also in this study
the intravaginal ring was observed to be as safe as
the vaginal gel, except for the observation that most
patients in the intravaginal ring treatment group had
mild vaginal bleeding/spotting near the end of the
treatment. A summary of breakthrough bleeding/spotting
for the treatment groups and in individual subjects is
shown in Tables 5 and 6, respectively. 



Table 5: Vaginal Bleeding/Spotting During Study for
the Treatment Groups 8% Progesterone Progesterone
Vaginal Ring Vaginal Gel Total Visit (N =IO) (N =Il)
(N =21) Total Bleeding/Spotting Patients 9 (90.00) 5
(45.45) 14 (66.67) Cycle Day 25 5 (50.00) 4 (36.36) 9
(42.86) Cycle Day 26 4 (40.00) 3 (27.27) 7 (33.33)
Cycle Day 27 4 (40.00) 1 (9.09) 5 (23.81) Cycle Day 28
6 (60.00) 0 (0.00) 6 (28.57) Cycle Day 29 8 (80.00) 0
(0.00) 8 (38.10) Cycle Day 30 9 (90.00) 0 (0.00) 9
(42.86) Cycle Day 3 1 7 (70.00) 0 (0.00) 7
(33.33)Table 6: Summary of Breakthrough Vaginal
Bleeding/Spotting in Individual SubjectsMACROCYCLIC
SERINE PROTEASE INHIBITORS CROSS REFERENCE TO RELATED
APPLICATIONS [0001] This application claims the
benefit of the priority of U.S. Provisional
Application Nos. 61/026,086, filed February 4, 2008,
and 61/083,867, filed July 25, 2008, the disclosure of
each of which is incorporated herein by reference in
its entirety. FIELD [0001] Provided herein are
macrocyclic serine protease inhibitor compounds,
pharmaceutical compositions comprising the compounds,
and processes of preparation thereof. Also provided
are methods of their use for the treatment of an HCV
infection in a host in need thereof. BACKGROUND [0002]
Hepatitis C virus (HCV) is known to cause at least 80%
of posttransfusion hepatitis and a substantial
proportion of sporadic acute hepatitis (Houghton et
al., Science 1989, 244, 362-364; Thomas, Curr. Top.
Microbiol. Immunol. 2000, 25-41). Preliminary evidence
also implicates HCV in many cases of "idiopathic"
chronic hepatitis, "cryptogenic" cirrhosis, and
probably hepatocellular carcinoma unrelated to other
hepatitis viruses, such as hepatitis B virus (Di
Besceglie et al., Scientific American, 1999, October,
80-85; Boyer et al., J. Hepatol. 2000, 32, 98-1 12).
[0003] HCV is an enveloped virus containing a
positive-sense single-stranded RNA genome of
approximately 9.4 kb (Kato et al., Proc. Natl. Acad.
Sci. USA 1990, 87, 9524- 9528; Kato, Acta Medica
Okayama, 2001, 55, 133-159). The viral genome consists
of a 5' untranslated region (UTR), a long open reading
frame encoding a polyprotein precursor of
approximately 301 1 amino acids, and a short 3' UTR.
The 5' UTR is the most highly conserved part of the
HCV genome and is important for the initiation and
control of polyprotein translation. Translation of the
HCV genome is initiated by a cap-independent mechanism
known as an internal ribosome entry. This mechanism
involves the binding of ribosomes to an RNA sequence
known as the internal ribosome entry site (IRES). An
RNA pseudoknot structure has recently been determined
to be an essential structural element of the HCV IRES.
Viral structural proteins include a nucleocapsid core
protein (C) and twoenvelope glycoproteins, El and E2.
HCV also encodes two proteinases, a zinc-dependent
metalloproteinase encoded by the NS2-NS3 region and a
serine proteinase encoded in the NS3 region. These
proteinases are required for cleavage of specific
regions of the precursor polyprotein into mature
peptides. The carboxyl half of nonstructural protein
5, NS5B, contains the RNA-dependent RNA polymerase.
The function of the remaining nonstructural proteins,
NS4A and NS4B, and that of NS5A (the amino-terminal
half of nonstructural protein 5) remain unknown.
[0004] Presently, the most effective HCV therapy
employs a combination of alphainterferon and
ribavirin, leading to sustained efficacy in about 40%
of patients (Poynard et al., Lancet 1998, 352,
1426-1432). Recent clinical results demonstrate that
pegylated alphainterferon is superior to unmodified
alpha-interferon as monotherapy. However, even with
experimental therapeutic regimens involving
combinations of pegylated alpha-interferon and
ribavirin, a substantial fraction of patients do not
have a sustained reduction in viral load (Manns et al,
Lancet 2001, 358, 958-965; Fried et al., N. Engl. J.
Med. 2002, 347, 975-982; Hadziyannis et al., Ann.
Intern. Med. 2004, 140, 346-355). Thus, there is a
clear and unmet need to develop effective therapeutics
for treatment of HCV infection. SUMMARY OF THE
DISCLOSURE [0005] Provided herein are macrocyclic
serine protease inhibitor compounds, pharmaceutical
compositions comprising the compounds, and processes
of preparation thereof. Also provided are methods of
their use for the treatment of an HCV infection in a
host in need thereof. [0006] In one embodiment,
provided, herein is a compound of Formula I : or a
single enantiomer, a racemic mixture, or a mixture of
diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or prodrug thereof;
wherein:R5 is -OH, -NR 8R9, -NHS(O) 2R8, -NHS(O)
2NR8R9, -NHC(O)R 8, -NHC(O)NR 8R9, -C(O)R 9, Or
-C(O)NR 8R9; wherein: each R8 is independently
hydrogen, C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3 7
cycloalkyl, C6-14 aryl, heteroaryl, heterocyclyl, C1-6
alkyl-C 3-7 cycloalkylene, -CH 2NR8aR8b, -CH(R
8c)NR8aR8b, -CHR 8cCHR8dNR8aR8b, or -CH
2CR8cR8dNR8aR8b, wherein: each R8a, R8c, and R8d is
independently hydrogen, Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl,
heterocyclyl, or C6-I4 aryl- Ci-6 alkylene; and each
R8b is independently hydrogen, Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, heterocyclyl, -S(O) kRp , -S(OXNR 11R12 ,
-C(O)R 1 1, -C(O)OR 1 1, -C(O)NR 1 1R12 , or -C(=NR
13)NRUR12 ; wherein each R1 1, R12 , and R13 is
independently hydrogen, Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl; or R1 1 and R12 together with the N atom
to which they are attached form heterocyclyl; or R8a
and R8b together with the N atom to which they are
attached form heterocyclyl; and each R9 is
independently hydrogen, Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl; or R8 and R9 together with the N atom to
which they are attached form heterocyclyl; R6 is
hydrogen, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl; L
is a bond, Ci-6 alkylene, C3-7 cycloalkylene, C2-6
alkenylene, C2-6 alkynylene, X, or -(CR 6aR6b)pX-;
wherein p is an integer of 1, 2, or 3; R6a and R6b are
each independently hydrogen, halo, cyano, hydroxyl, or
alkoxy; and X is -0-, -C(O)-, -C(O)O-, -OC(O)O-,
-C(O)NR 14- -C(=NR 14)NR15- , -NR 14- -NR 14C(O)NR15-
, -NR 14C(=NR15)NR16- , -NR 14S(O)kNR15- , -S(O) k-
-S(O) kNR14-,-P(O)(OR 14)-, or -OP(O)(OR 14)-, where
each R14 , R15 , and R16 is independently hydrogen,
Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl;
Q1 is -O- -N(R 17 -C(R 18R1V , or -CR 17(NR18R19)-;
wherein: each R17 and R18 is independently hydrogen,
Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl;
and each R19 is independently - R20, -C(O)R 20,
-C(O)OR 20, -C(O)NR 2 1R22, -C(=NR 20)NR2 1R22,
or-S(O) kR20; where each R20, R2 1, and R22 is
independently hydrogen,Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl; or R2 1 and R22 together with the N atom
to which they are attached form heterocyclyl; or R18
and R19 together with the C or N atom to which they
are attached form C3-7 cycloalkyl or heterocyclyl; Q2
is C3-9 alkylene, C3- alkenylene, or C3- alkynylene,
each optionally containing one to three heteroatoms in
the chain, independently selected from O, N, and S;
and each k is independently an integer of 1 or 2;
wherein each alkyl, alkylene, alkenyl, alkenylene,
alkynyl, alkynylene, aryl, cycloalkyl, cycloalkylene,
heterocyclyl, and heteroaryl is optionally substituted
with one or more groups, each independently selected
from cyano, halo, or nitro; Ci-6 alkyl, C2-6 alkenyl,
C2-6 alkynyl, C3-7 cycloalkyl, C6-J4 aryl, heteroaryl,
or heterocyclyl, each optionally substituted with one
or more, in one embodiment, one, two, three, or four,
substituents Q; or -C(O)R 3, -C(O)OR , -C(0)NR bRc,
-C(NR a)NRbRc, -OR 3, -OC(O)R 8, -OC(O)OR 3, -0C(0)NR
bRc, -0C(=NR a)NRbRc, -OS(O)R , -OS(O) 2R3, -0S(0)NR
bRc, -0S(0) 2NRbRc, -NR bRc, -NR aC(0)R b, -NR
3C(O)OR", -NR 3C(O)NR R , -NR aC(=NRd)NRbRc, -NR
3S(0)R b, -NR aS(0) 2Rb, -NR 3S(0)NR bRc, -NR
3S(O)2NRbRc, -SR 3, -S(O)R , or -S(O) 2R3; wherein
each R3, Rb, Rc, and Rd is independently hydrogen;
Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more, in one
embodiment, one, two, three, or four, substituents Q;
or Rb and Rc together with the N atom to which they
are attached form heterocyclyl, optionally substituted
with one or more, in one embodiment, one, two, three,
or four, substituents Q; wherein each Q is
independently selected from the group consisting of
cyano, halo, or nitro; Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl; or -C(O)R e, -C(O)OR , -C(0)NR fRg,
-C(NR e)NRfRg, -0R e, -OC(O)R , -OC(O)OR 6, -0C(0)NR
fRg, -OC(=NR e)NRfRg, -OS(O)R , -OS(O) 2R6, -OS(O)NR
fRg, -OS(O) 2NRfRg, -NR fRg, -NR eC(0)R f, -NR eC(0)0R
f, -NR 6C(O)NRfRg, -NR eC(=NRh)NRfRg, -NR 6S(O)Rf, -NR
6S(O)2Rf, -NR eS(0)NR fR8, -NR 6S(O)2NRfRg, -SR 6,
-S(O)R e, or -S(O) 2R6; wherein each R6, Rf, Rg, and
Rh is independently hydrogen; Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C -7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl; or R and Rg together with
the N atom to which they are attached form
heterocyclyl. [0007] Also provided herein are
pharmaceutical compositions comprising a compound
disclosed herein, e.g., a compound of Formula I,
including a single enantiomer, aracemic mixture, or a
mixture of diastereomers thereof; or a
pharmaceutically acceptable salt, solvate, or prodrug
thereof; in combination with one or more
pharmaceutically acceptable excipients or carriers.
[0008] Further provided herein is a method for
treating or preventing an HCV infection, which
comprises administering to a subject a therapeutically
effective amount of a compound disclosed herein, e.g.,
a compound of Formula I, including a single
enantiomer, a racemic mixture, or a mixture of
diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or prodrug thereof. [0009]
Additionally provided herein is a method for treating,
preventing, or ameliorating one or more symptoms of a
liver disease or disorder associated with an HCV
infection, comprising administering to a subject a
therapeutically effective amount of a compound
disclosed herein, e.g., a compound of Formula I,
including a single enantiomer, a racemic mixture, or a
mixture of diastereomers thereof; or a
pharmaceutically acceptable salt, solvate, or prodrug
thereof. [0010] Provided herein is a method for
inhibiting replication of a virus in a host, which
comprises administering to the host a therapeutically
effective amount of a compound disclosed herein, e.g.,
a compound of Formula I, including a single
enantiomer, a racemic mixture, or a mixture of
diastereomers thereof; or a pharmaceutically
acceptable salt, solvate, or prodrug thereof. [001 1]
Provided herein is a method for inhibiting the
activity of a serine protease, which comprises
contacting the serine protease with a compound
disclosed herein, e.g., a compound of Formula I,
including a single enantiomer, a racemic mixture, or a
mixture of diastereomers thereof; or a
pharmaceutically acceptable salt, solvate, or prodrug
thereof. DETAILED DESCRIPTION [0012] To facilitate
understanding of the disclosure set forth herein, a
number of terms are defined below. [0013] Generally,
the nomenclature used herein and the laboratory
procedures in organic chemistry, medicinal chemistry,
and pharmacology described herein are those well known
and commonly employed in the art. Unless defined
otherwise, all technical andscientific terms used
herein generally have the same meaning as commonly
understood by one of ordinary skill in the art to
which this disclosure belongs. In the event that there
is a plurality of definitions for a term used herein,
those in this section prevail unless stated otherwise.
[0014] The term "subject" refers to an animal,
including, but not limited to, a primate (e.g.,
human), cow, sheep, goat, horse, dog, cat, rabbit,
rat, or mouse. The terms "subject" and "patient" are
used interchangeably herein in reference, for example,
to a mammalian subject, such as a human subject. [001
5] The term "host" refers to a unicellular or
multicellular organism in which a virus can replicate,
including, but not limited to, a cell, cell line, and
animal, such as human. [0016] The terms "treat,"
"treating," and "treatment" are meant to include
alleviating or abrogating a disorder, disease, or
condition, or one or more of the symptoms associated
with the disorder, disease, or condition; or
alleviating or eradicating the cause(s) of the
disorder, disease, or condition itself. [0017] The
terms "prevent," "preventing," and "prevention" are
meant to include a method of delaying and/or
precluding the onset of a disorder, disease, or
condition, and/or its attendant symptom(s); barring a
subject from acquiring a disease; or reducing a
subject's risk of acquiring a disorder, disease, or
condition. [0018] The term "therapeutically effective
amount" is meant to include the amount of a compound
that, when administered, is sufficient to prevent
development of, or alleviate to some extent, one or
more of the symptoms of the disorder, disease, or
condition being treated. The term "therapeutically
effective amount" also refers to the amount of a
compound that is sufficient to elicit the biological
or medical response of a cell, tissue, system, animal,
or human, which is being sought by a researcher,
veterinarian, medical doctor, or clinician. [0019] The
term "IC 50" refers an amount, concentration, or
dosage of a compound that is required for 50%
inhibition of a maximal response in an assay that
measures such response. [0020] The term
"pharmaceutically acceptable carrier,"
"pharmaceutically acceptable excipient,"
"physiologically acceptable carrier," or
"physiologically acceptable excipient"refers to a
pharmaceutical ly-acceptable material, composition, or
vehicle, such as a liquid or solid filler, diluent,
excipient, solvent, or encapsulating material. In one
embodiment, each component is "pharmaceutically
acceptable" in the sense of being compatible with the
other ingredients of a pharmaceutical formulation, and
suitable for use in contact with cells, tissues, or
organs of humans and animals without excessive
toxicity, irritation, allergic response,
immunogenicity, or other problems or complications,
commensurate with a reasonable benefit/risk ratio.
See, Remington: The Science and Practice of Pharmacy,
21st Edition, Lippincott Williams & Wilkins:
Philadelphia, PA, 2005; Handbook of Pharmaceutical
Excipients, 5th Edition, Rowe et al., Eds., The
Pharmaceutical Press and the American Pharmaceutical
Association: 2005; and Handbook of Pharmaceutical
Additives, 3rd Edition, Ash and Ash Eds., Gower
Publishing Company: 2007; Pharmaceutical
Preformulation and Formulation, Gibson Ed., CRC Press
LLC: Boca Raton, FL, 2004. [0021] The term "about" or
"approximately" means an acceptable error for a
particular value as determined by one of ordinary
skill in the art, which depends in part on how the
value is measured or determined. In certain
embodiments, the term "about" or "approximately" means
within 1, 2, 3, or 4 standard deviations. In certain
embodiments, the term "about" or "approximately" means
within 50%, 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, 0.5%, or 0.05% of a given value or range.
[0022] The terms "active ingredient" and "active
substance" refer to a compound, which is administered,
alone or in combination with one or more
pharmaceutically acceptable excipients, to a subject
for treating, preventing, or ameliorating one or more
symptoms of a condition, disorder, or disease. As used
herein, "active ingredient" and "active substance" may
be an optically active isomer of a compound described
herein. [0023] The terms "drug," "therapeutic agent,"
and "chemotherapeutic agent" refer to a compound, or a
pharmaceutical composition thereof, which is
administered to a subject for treating, preventing, or
ameliorating one or more symptoms of a condition,
disorder, or disease. 



[0024] The term "release controlling excipient" refers
to an excipient whose primary function is to modify
the duration or place of release of an active
substance from a dosage form as compared with a
conventional immediate release dosage form. [0025] The
term "nonrelease controlling excipient" refers to an
excipient whoseprimary function do not include
modifying the duration or place of release of an
active substance from a dosage form as compared with a
conventional immediate release dosage form. [0026] The
term "alkyl" refers to a linear or branched saturated
monovalent hydrocarbon radical, wherein the alkylene
may optionally be substituted as described herein. The
term "alkyl" also encompasses both linear and branched
alkyl, unless otherwise specified. In certain
embodiments, the alkyl is a linear saturated
monovalent hydrocarbon radical that has 1 to 20 (Ci
-20), 1 to 15 (Ci-15), 1 to 10 (C M O) , or 1 to 6
(Ci-6) carbon atoms, or branched saturated monovalent
hydrocarbon radical of 3 to 20 (C3-20), 3 to 15 (C3- I
), 3 to 10 (C3-I0), or 3 to 6 (C3-6) carbon atoms. As
used herein, linear Ci-6 and branched C3-6 alkyl
groups are also referred as "lower alkyl." Examples of
alkyl groups include, but are not limited to, methyl,
ethyl, propyl (including all isomeric forms),
n-propyl, isopropyl, butyl (including all isomeric
forms), n-butyl, isobutyl, sec-butyl, t-butyl, pentyl
(including all isomeric forms), and hexyl (including
all isomeric forms). For example, Ci-6 alkyl refers to
a linear saturated monovalent hydrocarbon radical of 1
to 6 carbon atoms or a branched saturated monovalent
hydrocarbon radical of 3 to 6 carbon atoms. [0027] The
term "alkylene" refers to a linear or branched
saturated divalent hydrocarbon radical, wherein the
alkylene may optionally be substituted as described
herein. The term "alkylene" encompasses both linear
and branched alkylene, unless otherwise specified. In
certain embodiments, the alkylene is a linear
saturated divalent hydrocarbon radical that has 1 to
20 (Ci -2o), 1 to 15 (Ci-I5), 1 to 10 (C M O), or 1 to
6 (Ci -6) carbon atoms, or branched saturated divalent
hydrocarbon radical of 3 to 20 (C3-20), 3 to 15 (C3
I5), 3 to 10 (C3- I0), or 3 to 6 (C3-6) carbon atoms.
As used herein, linear Ci-6 and branched C3-6 alkylene
groups are also referred as "lower alkylene." Examples
of alkylene groups include, but are not limited to,
methylene, ethylene, propylene (including all isomeric
forms), n-propylene, isopropylene, butylene (including
all isomeric forms), n-butylene, isobutylene,
t-butylene, pentylene (including all isomeric forms),
and hexylene (including all isomeric forms). For
example, Ci-6 alkylene refers to a linear saturated
divalent hydrocarbon radical of 1 to 6 carbon atoms or
a branched saturated divalent hydrocarbon radical of 3
to 6 carbon atoms. [0028] The term "alkenyl" refers to
a linear or branched monovalent hydrocarbon radical,
which contains one or more, in one embodiment, one to
five, carbon-carbon double bonds. The alkenyl may be
optionally substituted as described herein. The term
"alkenyl"also embraces radicals having "c/s" and
"trans" configurations, or alternatively, "Z" and "E"
configurations, as appreciated by those of ordinary
skill in the art. As used herein, the term "alkenyl"
encompasses both linear and branched alkenyl, unless
otherwise specified. For example, C2-6 alkenyl refers
to a linear unsaturated monovalent hydrocarbon radical
of 2 to 6 carbon atoms or a branched unsaturated
monovalent hydrocarbon radical of 3 to 6 carbon atoms.
In certain embodiments, the alkenyl is a linear
monovalent hydrocarbon radical of 2 to 20 (C2-20), 2
to 15 (C2-15), 2 to 10 (C2-I0), or 2 to 6 (C2-6)
carbon atoms, or a branched monovalent hydrocarbon
radical of 3 to 20 (C3-20), 3 to 15 (C3-15), 3 to 10
(C3-1O), or 3 to 6 (C3-6) carbon atoms. Examples of
alkenyl groups include, but are not limited to,
ethenyl, propen-1-yl, propen-2-yl, allyl, butenyl, and
4-methylbutenyl. [0029] The term "alkenylene" refers
to a linear or branched divalent hydrocarbon radical,
which contains one or more, in one embodiment, one to
five, carbon-carbon double bonds. The alkenylene may
be optionally substituted as described herein.
Similarly, the term "alkenylene" also embraces
radicals having "cis" and "trans" configurations, or
alternatively, "E" and "Z" configurations. As used
herein, the term "alkenylene" encompasses both linear
and branched alkenylene, unless otherwise specified.
For example, C2-6 alkenylene refers to a linear
unsaturated divalent hydrocarbon radical of 2 to 6
carbon atoms or a branched unsaturated divalent
hydrocarbon radical of 3 to 6 carbon atoms. In certain
embodiments, the alkenylene is a linear divalent
hydrocarbon radical of 2 to 20 (C2-20), 2 to 15
(C2-I5), 2 to 10 (C2-10), or 2 to 6 (C2-6) carbon
atoms, or a branched divalent hydrocarbon radical of 3
to 20 (C3-20), 3 to 15 (C3-I5), 3 to 10 (C3- io), or 3
to 6 (C3-6) carbon atoms. Examples of alkenylene
groups include, but are not limited to, ethenylene,
allylene, propenylene, butenylene, and 4-
methylbutenylene. [0030] The term "alkynyl" refers to
a linear or branched monovalent hydrocarbon radical,
which contains one or more, in one embodiment, one to
five, carbon-carbon triple bonds. The alkynyl may be
optionally substituted as described herein. The term
"alkynyl" also encompasses both linear and branched
alkynyl, unless otherwise specified. In certain
embodiments, the alkynyl is a linear monovalent
hydrocarbon radical of 2 to 20 (C2-20), 2 to 15 (C2-
I5), 2 to 10 (C2-I0), or 2 to 6 (C2-6) carbon atoms,
or a branched monovalent hydrocarbon radical of 3 to
20 (C3-20), 3 to 15 (C3-I5), 3 to 10 (C3-I0), or 3 to
6 (C3-6) carbon atoms. Examples of alkynyl groups
include, but are not limited to, ethynyl (-C CH) and
propargyl (-CH 2CCH). For example, C2-6 alkynyl refers
to a linear unsaturated monovalenthydrocarbon radical
of 2 to 6 carbon atoms or a branched unsaturated
monovalent hydrocarbon radical of 3 to 6 carbon atoms.
[003 1] The term "alkynylene" refers to a linear or
branched divalent hydrocarbon radical, which contains
one or more, in one embodiment, one to five,
carbon-carbon triple bonds. The alkynylene may be
optionally substituted as described herein. The term
"alkynylene" also encompasses both linear and branched
alkynylene, unless otherwise specified. In certain
embodiments, the alkynylene is a linear divalent
hydrocarbon radical of 2 to 20 (C2-2o), 2 to 15
(C2-15), 2 to 10 (C2-I0), or 2 to 6 (C2-6) carbon
atoms, or a branched divalent hydrocarbon radical of 3
to 20 (C3-20), 3 to 15 (C3-I5), 3 to 10 (C3-10), or 3
to 6 (C3-6) carbon atoms. Examples of alkynylene
groups include, but are not limited to, ethynylene (-C
C-) and propargylene (-CH 2CC-). For example, C2-6
alkynylene refers to a linear unsaturated divalent
hydrocarbon radical of 2 to 6 carbon atoms or a
branched unsaturated divalent hydrocarbon radical of 3
to 6 carbon atoms. [0032] The term "cycloalkyl" refers
to a cyclic saturated bridged and/or non-bridged
monovalent hydrocarbon radical, which may be
optionally substituted as described herein. In certain
embodiments, the cycloalkyl has from 3 to 20 (C3-20),
from 3 to 15 (C3-I5), from 3 to 10 (C3-I0), or from 3
to 7 (C3-7) carbon atoms. Examples of cycloalkyl
groups include, but are not limited to, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
decalinyl, and adamantyl. [0033] The term
"cycloalkylene" refers to a cyclic saturated bridged
and/or nonbridged divalent hydrocarbon radical, which
may be optionally substituted as described herein. In
certain embodiments, the cycloalkylene has from 3 to
20 (C3-2o), from 3 to 15 (C3- 15), from 3 to 10
(C3-I0), or from 3 to 7 (C3-7) carbon atoms. Examples
of cycloalkylene groups include, but are not limited
to, cyclopropylene, cyclobutylene, cyclopentylene,
cyclohexylene, cycloheptylene, decalinylene, and
adamantylene. [0034] The term "aryl" refers to a
monocyclic aromatic group and/or multicyclic
monovalent aromatic group that contain at least one
aromatic hydrocarbon ring. In certain embodiments, the
aryl has from 6 to 20 (C6-2o), from 6 to 15 (C6-I5),
or from 6 to 10 (C6-I0) ring atoms. Examples of aryl
groups include, but are not limited to, phenyl,
naphthyl, fluorenyl, azulenyl, anthryl, phenanthryl,
pyrenyl, biphenyl, and terphenyl. Aryl also refers to
bicyclic or tricyclic carbon rings, where one of the
rings is aromatic and the others ofwhich may be
saturated, partially unsaturated, or aromatic, for
example, dihydronaphthyl, indenyl, indanyl, or
tetrahydronaphthyl (tetralinyl). In certain
embodiments, aryl may also be optionally substituted
with one or more substituents Q as described herein.
[0035] The term "arylene" refers to a monocyclic
and/or multicyclic divalent aromatic group that
contain at least one aromatic hydrocarbon ring. In
certain embodiments, the arylene has from 6 to 20
(CO-20) , from 6 to 15 (CO-IS) , or from 6 to 10
(C6-I0) ring atoms. Examples of arylene groups
include, but are not limited to, phenylene,
naphthylene, fluorenylene, azulenylene, anthrylene,
phenanthrylene, pyrenylene, biphenylene, and
terphenylene. Arylene also refers to bicyclic or
tricyclic carbon rings, where one of the rings is
aromatic and the others of which may be saturated,
partially unsaturated, or aromatic, for example,
dihydronaphthylene, indenylene, indanylene, or
tetrahydro-naphthylene (tetralinyl). In certain
embodiments, arylene may also be optionally
substituted as described herein. [0036] The term
"heteroaryl" refers to a monocyclic aromatic group
and/or multicyclic aromatic group that contains at
least one aromatic ring, wherein at least one aromatic
ring contains one or more heteroatoms independently
selected from O, S, and N. Each ring of a heteroaryl
group can contain one or two O atoms, one or two S
atoms, and/or one to four N atoms, provided that the
total number of heteroatoms in each ring is four or
less and each ring contains at least one carbon atom.
In certain embodiments, the heteroaryl has from 5 to
20, from 5 to 15, or from 5 to 10 ring atoms. Examples
of monocyclic heteroaryl groups include, but are not
limited to, pyrrolyl, pyrazolyl, pyrazolinyl,
imidazolyl, oxazolyl, isoxazolyl, thiazolyl,
thiadiazolyl, isothiazolyl, furanyl, thienyl,
oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, and triazinyl. Examples of bicyclic
heteroaryl groups include, but are not limited to,
indolyl, benzothiazolyl, benzoxazolyl, benzothienyl,
'quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl,
benzimidazolyl, benzopyranyl, indolizinyl,
benzofuranyl, isobenzofuranyl, chromonyl, coumarinyl,
cinnolinyl, quinoxalinyl, indazolyl, purinyl,
pyrrolopyridinyl, furopyridinyl, thienopyridinyl,
dihydroisoindolyl, and tetrahydroquinolinyl. Examples
of tricyclic heteroaryl groups include, but are not
limited to, carbazolyl, benzindolyl, phenanthrollinyl,
acridinyl, phenanthridinyl, and xanthenyl. In certain
embodiments, heteroaryl may also be optionally
substituted with one or more substituents Q as
described herein. [0037] The term "heterocyclyl" or
"heterocyclic" refers to a monocyclic non-aromatic
ring system and/or multicyclic ring system that
contains at least one non-aromatic ring,wherein one or
more of the non-aromatic ring atoms are heteroatoms
independently selected from O, S, or N; and the
remaining ring atoms are carbon atoms. In certain
embodiments, the heterocyclyl or heterocyclic group
has from 3 to 20, from 3 to 15, from 3 to 10, from 3
to 8, from 4 to 7, or from 5 to 6 ring atoms. In
certain embodiments, the heterocyclyl is a monocyclic,
bicyclic, tricyclic, or tetracyclic ring system, which
may include a fused or bridged ring system, and in
which the nitrogen or sulfur atoms may be optionally
oxidized, the nitrogen atoms may be optionally
quaternized, and some rings may be partially or fully
saturated, or aromatic. The heterocyclyl may be
attached to the main structure at any heteroatom or
carbon atom which results in the creation of a stable
compound. Examples of such heterocyclic radicals
include, but are not limited to, acridinyl, azepinyl,
benzimidazolyl, benzindolyl, benzoisoxazolyl,
benzisoxazinyl, benzodioxanyl, benzodioxolyl,
benzofuranonyl, benzofuranyl, benzonaphthofuranyl,
benzopyranonyl, benzopyranyl, benzotetrahydrofuranyl,
benzotetrahydrothienyl, benzothiadiazolyl,
benzothiazolyl, benzothiophenyl, benzotriazolyl,
benzothiopyranyl, benzoxazinyl, benzoxazolyl,
benzothiazolyl, b-carbolinyl, carbazolyl, chromanyl,
chromonyl, cinnolinyl, coumarinyl,
decahydroisoquinolinyl, dibenzofuranyl,
dihydrobenzisothiazinyl, dihydrobenzisoxazinyl,
dihydrofuryl, dihydropyranyl, dioxolanyl,
dihydropyrazinyl, dihydropyridinyl, dihydropyrazolyl,
dihydropyrimidinyl, dihydropyrrolyl, dioxolanyl,
1,4-dithianyl, furanonyl, furanyl, imidazolidinyl,
imidazolinyl, imidazolyl, imidazopyridinyl,
imidazothiazolyl, indazolyl, indolinyl, indolizinyl,
indolyl, isobenzotetrahydrofuranyl,
isobenzotetrahydrothienyl, isobenzothienyl,
isochromanyl, isocoumarinyl, isoindolinyl, isoindolyl,
isoquinolinyl, isothiazolidinyl, isothiazolyl,
isoxazolidinyl, isoxazolyl, morpholinyl,
naphthyridinyl, octahydroindolyl, octahydroisoindolyl,
oxadiazolyl, oxazolidinonyl, oxazolidinyl,
oxazolopyridinyl, oxazolyl, oxiranyl, perimidinyl,
phenanthridinyl, phenathrolinyl, phenarsazinyl,
phenazinyl, phenothiazinyl, phenoxazinyl,
phthalazinyl, piperazinyl, piperidinyl, 4-piperidonyl,
pteridinyl, purinyl, pyrazinyl, pyrazolidinyl,
pyrazolyl, pyridazinyl, pyridinyl, pyridopyridinyl,
pyrimidinyl, pyrrolidinyl, pyrrolinyl, pyrrolyl,
quinazolinyl, quinolinyl, quinoxalinyl, quinuclidinyl,
tetrahydrofuryl, tetrahydrofuranyl,
tetrahydroisoquinolinyl, tetrahydropyranyl,
tetrahydrothienyl, tetrazolyl, thiadiazolopyrimidinyl,
thiadiazolyl, thiamorpholinyl, thiazolidinyl,
thiazolyl, thienyl, triazinyl, triazolyl, and
1,3,5-trithianyl. In certain embodiments, heterocyclic
may also be optionally substituted with one or more
substituents Q as described herein. [0038] The term
"alkoxy" refers to an -OR radical, wherein R is, for
example, alkyl,alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, or heterocyclyl, each as defined herein.
Examples of alkoxy groups include, but are not limited
to, methoxy, ethoxy, propoxy, npropoxy, 2-propoxy,
rc-butoxy, isobutoxy, te/Y-butoxy,cyclohexyloxy,
phenoxy, benzoxy, and 2-naphthyloxy. In certain
embodiments, alkoxy may also be optionally substituted
as described herein. [0039] The term "acyl" refers to
a -C(O)R radical, wherein R is, for example, alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl, each as defined herein. Examples of acyl
groups include, but are not limited to, acetyl,
propionyl, butanoyl, isobutanoyl, pentanoyl, hexanoyl,
heptanoyl, octanoyl, nonanoyl, decanoyl, dodecanoyl,
tetradecanoyl, hexadecanoyl, octadecanoyl, eicosanoyl,
docosanoyl, myristoleoyl, palmitoleoyl, oleoyl,
linoleoyl, arachidonoyl, benzoyl, pyridinylcarbonyl,
and furoyl. In certain embodiments, acyl may also be
optionally substituted as described herein. [0040] The
term "halogen", "halide" or "halo" refers to fluorine,
chlorine, bromine, and/or iodine. [0041] The term
"optionally substituted" is intended to mean that a
group, such as an alkyl, alkylene, alkenyl,
alkenylene, alkynyl, alkynylene, cycloalkyl,
cycloalkylene, aryl, arylene, heteroaryl, heterocyclyl
group, alkoxy, or acyl, may be substituted with one or
more substituents independently selected from, e.g.,
alkyl, alkylene, alkenyl, alkenylene, alkynyl,
alkynylene, cycloalkyl, cycloalkylene, aryl, arylene,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more, in one embodiment, one,
two, three, or four, substituents Q; halo, cyano
(-CN), nitro (-NO 2), -SR a, -S(O)R a, -S(O) 2R ,
-C(O)R 3, -C(O)OR , -C(O)NR bRc, -C(NR 3)NRbRc, -OR a,
-OC(O)R 3, -OC(O)OR 3, -0C(0)NR bRc, -0C(=NR a)NRbRc,
-OS(O)R 3, -OS(O) 2R3, -OS(O)NR bRc, -OS(O) 2 NRbRc,
-NR bRc, -NR aC(0)R b, -NR 3C(O)OR", -NR 3C(0)NR bRc,
-NR 3C(=NRd)NRbRc, -NR aS(O)Rb, -NR 3S(O)2R", -NR
3S(0)R bRc, or -NR aS(0) 2RbRc; wherein each Ra, Rb,
RC, and Rd is independently hydrogen; C1 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-14 aryl,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more, in one embodiment, one,
two, three, or four, substituents Q; or Rb and Rc
together with the N atom to which they are attached
form heterocyclyl, optionally substituted with one or
more, in one embodiment, one, two, three, or four,
substituents Q. As used herein, all groups that can be
substituted are "optionally substituted," unless
otherwise specified.[0042] In one embodiment, each Q
is independently selected from the group consisting of
cyano, halo, and nitro; Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6- 14 aryl, heteroaryl, and
heterocyclyl; and -C(O)R , -C(O)OR e, -C(O)NR fR8,
-C(NR e)NRfR8, -OR e, -OC(O)R , -OC(O)OR 6, -0C(0)NR
fRs , -OC(=NR e)NRfRg, -OS(O)R 6, -OS(O) 2R6, -OS(O)NR
fR8, -OS(O) 2NRfR8, -NR fR8, -NR 6C(0)R f, -NR 6C(0)0R
f, -NR eC(O)NRfRg, -NR 6C(=NRh)NRfRe, -NR eS(0)R f,
-NR eS(O)2Rf, -NR 6S(0)NR fR8, -NR 6S(O)2NRfRg, -SR e,
-S(O)R 6, and -S(O) 2R ; wherein each R6, Rf, R8, and
Rh is independently hydrogen; C -6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl; or Rf and R8 together
with the N atom to which they are attached form
heterocyclyl. [0043] In certain embodiments,
"optically active" and "enantiomerically active" refer
to a collection of molecules, which has an
enantiomeric excess of no less than about 50%, no less
than about 70%, no less than about 80%, no less than
about 90%, no less than about 91%, no less than about
92%, no less than about 93%, no less than about 94%,
no less than about 95%, no less than about 96%, no
less than about 97%, no less than about 98%, no less
than about 99%, no less than about 99.5%, or no less
than about 99.8%. In certain embodiments, the compound
comprises about 95% or more of the desired enantiomer
and about 5% or less of the less preferred enantiomer
based on the total weight of the racemate in question.
[0044] In describing an optically active compound, the
prefixes R and S are used to denote the absolute
configuration of the molecule about its chiral
center(s). The (+) and (-) are used to denote the
optical rotation of the compound, that is, the
direction in which a plane of polarized light is
rotated by the optically active compound. The (-)
prefix indicates that the compound is levorotatory,
that is, the compound rotates the plane of polarized
light to the left or counterclockwise. The (+) prefix
indicates that the compound is dextrorotatory, that
is, the compound rotates the plane of polarized light
to the right or clockwise. However, the 



sign of optical rotation, (+) and (-), is not related
to the absolute configuration of the molecule, R and
S. [0045] The term "solvate" refers to a compound
provided herein or a salt thereof, which further
includes a stoichiometric or non-stoichiometric amount
of solvent bound by non-covalent intermolecular
forces. Where the solvent is water, the solvate is a
hydrate. Compounds [0046] HCV has a single
positive-stranded RNA genome having about 9.6 kb
inlength that encodes a large polyprotein having about
3010 amino acids. This precursor polyprotein is then
processed into a range of structural proteins,
including core protein, C, and envelope glycoproteins,
El and E2; and non-structural proteins, including NS2,
NS3, NS4A, NS4B, NS5A, and NS5B, by host signal
peptidases and two viral proteases, NS2-3 and NS3. The
NS3 protein contains a trypsin-like serine protease
domain at its N-terminus, while its C-terminal domain
has helicase activity. Because of its vital role in
viral replication, HCV NS3 serine protease has been
actively pursued as a drug target for developing a new
anti-HCV therapy. [0047] Inhibitors of HCV NS3
protease that have been reported include linear and
cyclic peptides and peptide mimetics, and non-peptide
molecules (Llinas-Brunet et al., Bioorg. Med. Chem.
Lett. 1998, 8, 1713-1718; Steinkhler et al.,
Biochemistry 1998, 37, 8899-8905; U.S. Pat. Nos.:
5,538,865; 5,990,276; 6,143,715; 6,265,380; 6,323,180;
6,329,379; 6,410,531; 6,420,380; 6,534,523; 6,608,027;
6,642,204; 6,653,295; 6,727,366; 6,838,475; 6,846,802;
6,867,185; 6,869,964; 6,872,805; 6,878,722; 6,908,901;
6,91 1,428; 6,995,174; 7,012,066; 7,041,698;
7,091,184; 7,169,760; 7,176,208; 7,208,600; U.S. Pat.
App. Pub. Nos.: 2002/0016294, 2002/0016442;
2002/0032175; 2002/0037998; 2004/0229777;
2005/0090450; 2005/0153877; 2005/176648; 2006/0046956;
2007/0021330; 2007/0021351; 2007/0049536;
2007/0054842; 2007/0060510; 2007/0060565;
2007/0072809; 2007/0078081; 2007/0078122;
2007/0093414; 2007/0093430; 2007/0099825;
2007/0099929; 2007/0105781; WO 98/17679; WO 98/22496;
WO 99/07734; WO 00/09543; WO 00/59929; WO 02/08187; WO
02/08251; WO 02/08256; WO 02/08198; WO 02/481 16; WO
02/48157; WO 02/48172; WO 02/60926; WO 03/53349; WO
03/64416; WO 03/64455; WO 03/64456; WO 03/66103; WO
03/99274; WO 03/99316; WO 2004/032827; WO 2004/043339;
WO 2005/037214; WO 2005/037860; WO 2006/000085; WO
2006/1 19061; WO 2006/122188; WO 2007/001406; WO
2007/014925; WO 2007/014926; WO 2007/015824, and WO
2007/056120). However, citation of any reference
herein is not an admission that such reference is
prior art to the present disclosure. [0048] Provided
herein are compounds which are useful for the
treatment of HCV infection, which, in one embodiment,
can have activity as HCV serine protease inhibitors.
Also provided herein are pharmaceutical compositions
that comprise the compounds, methods of manufacture of
the compounds, and methods of use of the compounds for
the treatment of HCV infection in a host in need of
treatment.[0049] In one embodiment, provided herein is
a compound of Formula I : or a single enantiomer, a
racemic mixture, or a mixture of diastereomers
thereof; or a pharmaceutically acceptable salt,
solvate, or prodrug thereof; wherein: R5 is -OH, -NR
8R9, -NHS(O) 2R8, -NHS(O) 2NR8R9, -NHC(O)R 8,
-NHC(O)NR 8R9, -C(O)R 9, Or-C(O)NR 8R9; wherein: each
R is independently hydrogen, C -6 alkyl, C2-6 alkenyl,
C2-6 alkynyl, C3-7 cycloalkyl, C6. i4 aryl,
heteroaryl, heterocyclyl, Ci-6 alkyl-C 3-7
cycloalkylene, -CH 2NR8aR8b, -CH(R 8c)NR8aR8b, -CHR
8cCHR8dNR8aR8b, or -CH 2CR8cR8dNR8aR8b, wherein: each
R8a, R8c, and R8d is independently hydrogen, Ci-6
alkyl, C2. alkenyl, C2-6 alkynyl, C3-7 cycloalkyl,
C6-I4 aryl, heteroaryl, heterocyclyl, or C6-I4 aryl-Ci
-6 alkylene; and each R is independently hydrogen,
Ci-6 alkyl, C2-6 alkenyl, C2- 6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, heterocyclyl,
-S(OXR 1' , -S(O) kNRp R12 , -C(O)R 1 1, -C(O)OR 1 1,
-C(O)NR 1 1R12 , or -C(=NR I3)NRp R12 ; wherein each
R1 1, R12 , and R13 is independently hydrogen, Ci-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl,
C6-I4 aryl, heteroaryl, or heterocyclyl; or R1 1 and
R12 together with the N atom to which they are
attached form heterocyclyl; or R8a and R8b together
with the N atom to which they are attached form
heterocyclyl; and each R9 is independently hydrogen,
Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl;
or R8 and R9 together with the N atom to which they
are attached form heterocyclyl; R6 is hydrogen, Ci-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl,
C6-I4 aryl, heteroaryl, or heterocyclyl;L is a bond,
Ci-6 alkylene, C3-7 cycloalkylene, C2.6 alkenylene,
C2-6 alkynylene, X, or -(CR 6aR6b)pX-; wherein p is an
integer of 1, 2, or 3; R6a and R6b are each
independently hydrogen, halo, cyano, hydroxyl, or
alkoxy; and X is -O-, -C(O)-, -C(O)O-, -OC(O)O-,
-C(O)NR 14- , -NR 14C(O)NR15- , -C(=NR 14)NR15- , -NR
14C(=NR15)NR16- , -NR 14S(OXNR15- , -S(0) k- -S(0)
kNR14- -P(O)(OR 14H or -OP(O)(OR 14)-, where each R14
, R15 , and R16 is independently hydrogen, Ci-6 alkyl,
C2 6 alkenyl, C 6 alkynyl, C3-7 cycloalkyl, C6-I4
aryl, heteroaryl, or heterocyclyl; Q1 is -O- -N(R 17H
-C(R 18R19H or-CR 17(NR18R19H wherein: each R17 and
R18 is independently hydrogen, C1-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl; and each R19 is
independently - R20, -C(O)R 20, -C(O)OR 20, -C(O)NR 2
1R22, -C(=NR 20)NR2 1R22, or -S(O) kR20; where each
R20, R2 1, and R22 is independently hydrogen, Ci-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl,
C6-I4 aryl, heteroaryl, or heterocyclyl; or R2 1 and
R22 together with the N atom to which they are
attached form heterocyclyl; or R18 and R19 together
with the C or N atom to which they are attached form
cycloalkyl or heterocyclyl; Q2 is C3-9 alkylene, C3-9
alkenylene, or C3-9 alkynylene, each optionally
containing one to three heteroatoms in the chain,
independently selected from O, N, and S; and each k is
independently an integer of 1 or 2; wherein each
alkyl, alkylene, alkenyl, alkenylene, alkynyl,
alkynylene, aryl, cycloalkyl, cycloalkylene,
heterocyclyl, and heteroaryl is optionally substituted
with one or more groups, each independently selected
from cyano, halo, or nitro; Ci-6 alkyl, C2-6 alkenyl,
C2-6 alkynyl, C3-7 cycloalkyl, C6.i4 aryl, heteroaryl,
or heterocyclyl, each optionally substituted with one
or more, in one embodiment, one, two, three, or four,
substituents Q; or -C(0)R a, -C(O)OR 3, -C(0)NR bRc,
-C(NR a)NRbRc, -0R a, -OC(O)R 8, -OC(O)OR , -0C(0)NR
bRc, -OC(=NR a)NRbRc, -OS(O)R 3, -OS(O) 2R3, -OS(O)NR
bRc, -0S(0) 2NRbRc, -NR bRc, -NR aC(0)R b, -NR aC(0)0R
b, -NR aC(O)NRbRc, -NR 3C(=NRd)NRbRc, -NR 3S(O)R", -NR
3S(O)2R", -NR 3S(0)NR bRc, -NR aS(0) 2NRbRc, -SR a,
-S(O)R 3, or -S(O) 2R3; wherein each R3, Rb, Rc, and
Rd is independently hydrogen; Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more, in one embodiment, one,
two, three, or four, substituents Q; or Rb and Rc
together with the N atom to which they are attached
form heterocyclyl, optionally substituted with one or
more, in one embodiment, one, two, three, or four,
substituents Q;wherein each Q is independently
selected from the group consisting of cyano, halo, or
nitro; Ci-6 alkyl, C2-6 alkenyl, C -6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl;
or-C(O)R e, -C(O)OR , -C(0)NR fRg, -C(NR e)NRfRg, -OR
e, -OC(O)R , -0C(0)0R e, -0C(0)NR fR8, -OC(=NR
6)NRfR8, -OS(O)R 6, -OS(O) 2R6, -0S(0)NR fR8, -OS(O)
2NRfR8, -NR fR8, -NR 6C(0)R f, -NR eC(0)0R f, -NR
eC(0)NR fRg, -NR 6C(=NRh)NRfRg, -NR eS(0)R f, -NR
6S(O)2Rf, -NR 6S(0)NR fRg, -NR eS(0) 2NRfRg, -SR 6,
-S(O)R 6, or -S(O) 2R6; wherein each R6, Rf, R8, and
Rh is independently hydrogen; C1-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl; or Rf and R8 together
with the N atom to which they are attached form
heterocyclyl. [0050] In yet another embodiment, the
compound of Formula I has the structure of Formula II:
wherein: R6, L, Q1, and Q2 are each as defined herein;
and R30 is hydrogen; Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6.]4 aryl, heteroaryl,
heterocyclyl, or C1-6 alkyl-C3-7 cycloalkylene, each
optionally substituted with one or more substituents
Q; or -CH 2NR30aR30b, -CHR 30cNR30aR30b, -CHR
3OcCHR3OdNR3OaR3Ob, or -CH 2CR30cR30dNR30aR30b,
wherein: each R3Oa, R30c, and R3Od is independently
hydrogen; C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-J4 aryl, heteroaryl, heterocyclyl, or
C6-I4 aryl- Ci 6 alkylene, each optionally substituted
with one or more substituents Q; and each R30b is
independently hydrogen; Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or
more substituents Q; -S(O) kRp , -S(0) kNRp R12 ,
-C(O)R 1 1, -C(O)OR 1 1, -C(O)NR 1 1R12 , or -C(=NR
13)NR p R12 ; wherein each R1 1, R12 , and R13 is
independently hydrogen; Ci 6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or
more substituents Q; orR1 1 and R12 together with the
N atom to which they are attached form heterocyclyl,
optionally substituted with one or more substituents
Q; or R3Oa and R30b together with the N atom to which
they are attached form heterocyclyl or heteroaryl,
each optionally substituted with one or more
substituents Q. [0051] In yet another embodiment, the
compound of Formula I has the structure of Formula
III: wherein: R5, L, Q1, and Q2 are each as defined
herein; and Z is CR3' or N; R2' , R3' , R5' , R6' ,
R7', and R8' are each independently: hydrogen, halo,
cyano, trifluoromethyl, or nitro; Ci 6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C -7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein; or -C(O)R , -C(O)OR , -C(O)NR bRc,
-C(NR a)NRbRc, -OR a, -OC(O)R , -OC(O)OR , -0C(0)NR
bRc, -0C(=NR 3)NRbRc, -OS(O)R , -OS(O) 2R3, -OS(O)NR
bRc, -OS(O) 2NRbRc, -NR bRc, -NR aC(0)R b, -NR 3C(0)0R
b, -NR 3C(O)NRbRc, -NR 3C(=NRd)NRbRc, -NR 3S(O)Rb, -NR
3S(O)2R", -NR 3S(O)NRbRc, -NR aS(0) 2NRbRc, -SR a,
-S(O)R 3, or -S(O) 2R3; wherein each R3, Rb, Rc, and
Rd is independently hydrogen; Ci- alkyl, C2-6 alkenyl,
C2.6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl,
or heterocyclyl, each optionally substituted with one
or more substituents Q as described herein; or Rb and
Rc together with the N atom to which they are attached
form heterocyclyl, optionally substitutedwith one or
more substituents Q as described herein. [0052] In yet
another embodiment, the compound of Formula I has the
structure of Formula IV: (IV) wherein R30, R2' , R3',
R5' , R6', R7', R8' , L, Q1, Q2, and Z are each as
defined herein. [0053] In certain embodiments, Q is
C3- alkylene. In certain embodiments, Q is C3-9
alkenylene. In certain embodiments, Q2 is C3-9
alkenylene having one carbon-carbon double bond in
either cis or trans configuration. In certain
embodiments, Q2 is C3-9 alkenylene having one
carbon-carbon double bond in cis configuration/ In
certain embodiments, Q2 is C3-9 alkynylene. [0054] In
certain embodiments, Q2 is selected from the group
consisting of: wherein: Z is -O-, -S-, or -N(R Z)-,
wherein Rz is hydrogen, Ci-6 alkyl, aryl, heteroaryl,
heterocyclyl, -C(O)R Za, -C(O)OR Za, -C(O)NR ZbRZc,
-S(O) 2NRZbRZc, or -S(O) 2RZa; and each RZa, Rz b, and
RZc is independently hydrogen, Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl; or RZb and RZc together
with the N atom to which they are attached
formheterocyclyl or heteroaryl; wherein each alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and
heterocyclyl is optionally substituted with one or
more substituents Q as described herein. [0055] In one
embodiment, the compound of Formula I has the
structure of Formula V: wherein R5, R6, L, and Q1 are
each as defined herein; and n is an integer of 0, 1,
2, 3, 4, or 5. [0056] In yet another embodiment, the
compound of Formula V has the structure of Formula VI:
wherein R6, R30, L, Q1, and n are each as defined
herein.[0057] In yet another embodiment, the compound
of Formula V has the structure of Formula VII: wherein
R"55 , rR>2' , R3', nR5', r R> 6 ', tR>/7', R8 , L,
Q1, Z, and n are each as defined herein. [0058] In yet
another embodiment, the compound of Formula V has the
structure of Formula VIII: wherein R30U, rR"2' nR3',
-Rn S', rR>60 ', nR7' ', R , L, Q', Z, and n are each
as defined herein. [0059] The groups, R5, R6, R30, R2
, R3' , R5', R6' , R7' , R8', L, Q1, Q2, and n in
Formulae I, II, III, IV, V, VI, VII, and VIII are
further defined herein. All combinations of the
embodiments provided herein for such groups are within
the scope of this disclosure.[0060] In certain
embodiments, n is 0, 1, 2, 3, 4, or 5. In certain
embodiments, n is 0. In certain embodiments, n is 1.
In certain embodiments, n is 2. In certain
embodiments, n is 3. In certain embodiments, n is 4.
In certain embodiments, n is 5. [0061] In certain
embodiments, R6 is hydrogen. In certain embodiments,
R6 is Ci-6 alkyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R6 is Ci-6
alkyl, optionally substituted with one or more
substituents Q. In certain embodiments, R6 is C2-6
alkenyl, optionally substituted with one or more
substituents Q. In certain embodiments, R6 is C2-6
alkynyl, optionally substituted with one or more
substituents Q. In certain embodiments, R6 is C3-7
cycloalkyl, optionally substituted with one or more
substituents Q. In certain embodiments, R6 is C6-I4
aryl, optionally substituted with one or more
substituents Q. In certain embodiments, R6 is
heteroaryl, optionally substituted with one or more
substituents Q. In certain embodiments, R6 is
heterocyclyl, optionally substituted with one or more
substituents Q. [0062] In certain embodiments, R6 is
selected from the group consisting of: wherein: R2' ,
R3 , R5' , R6' , R7' , and R8' are each as defined
herein; R1 is independently: hydrogen, halo, cyan,
trifluoromethyl, or nitro; Ci-6 alkyl, C2-6 alkenyl,
C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,heteroaryl,
or heterocyclyl, each optionally substituted with one
or more substituents Q as described herein; or -C(O)R
, -C(O)OR , -C(O)NR bRc, -C(NR a)NRbRc, -OR 3, -OC(O)R
, -OC(O)OR 3, -OC(O)NR bRc, -OC(=NR a)NRbRc, -OS(O)R
3, -OS(O) 2R3, -OS(O)NR bRc, -OS(O) 2NRbRc, -NR bRc,
-NR aC(O)Rb, -NR aC(O)ORb, -NR aC(O)NRbRc, -NR
aC(=NRd)NRbRc, -NR aS(O)Rb -NR aS(O)2Rb, -NR
3S(O)NRbRc, -NR aS(O)2NRbRc, -SR 3, -S(O)R , or -S(O)
2R3; wherein each Ra, Rb, Rc, and Rd is independently
hydrogen; Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein; or Rb and Rc
together with the N atom to which they are attached
form heterocyclyl, optionally substituted with one or
more substituents Q as described herein; and 



each star (*) represents the point of attachment.
[0063] In certain embodiments, R2 is Ci 6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R2 is C6-I4
aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein.[0064] In certain embodiments, R2 is
selected from the group consisting of: wherein each A
is independently hydrogen, halo, cyano, or nitro; C -6
alkyl, C2-6 alkenyl, C2-6 alkynyl, C3- cycloalkyl,
C6-I4 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents Q
as described herein; or -C(O)R a, -C(O)OR a, -C(O)NR
bRc, -C(NR a)NRbRc, -OR a, -OC(O)R , -OC(O)OR ,
-OC(O)NR bRc, -0C(=NR a)NRbRc, -OS(O)R 3, -OS(O) 2R ,
-0S(0)NR bRc, -OS(O) 2NRbRc, -NR bRc, -NR aC(0)R b,
-NR aC(0)0R b, -NR 3C(0)NR bRc, -NR 3C(=NRd)NRbRc, -NR
aS(O)Rb, -NR 3S(O)2R", -NR aS(0)NR bRc, -NR aS(0)
2NRbRc, -SR a, -S(O)R 3, or -S(O) 2R3; wherein each
Ra, Rb, Rc, and Rd is independently hydrogen; C1-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl,
C6-J4 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents Q
as described herein; or Rb and Rc together with the N
atom to which they are attached form heterocyclyl,
optionally substituted with one or more substituents Q
as described herein; each E is independently hydrogen;
Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein; or -C(O)R 3,
-C(O)OR 3, -C(0)NR bRc,-C(NR a)NRbRc, -OR a, -OC(O)R ,
-OC(O)OR 3, -OC(O)NR bRc, -OC(=NR 3)NRbRc, -OS(O)R 3,
-OS(O) 2R3, -0S(0)NR bRc, -0S(0) 2NRbRc, -NR bRc, -NR
3C(O)Rb, -NR aC(0)0R b, -NR aC(O)NRbRc -NR
aC(=NRd)NRbRc, -NR aS(0)R b, -NR 3S(O)2R", -NR aS(0)NR
bRc, -NR aS(0) 2NRbRc, -SR 3, -S(O)R 3, or -S(O) 2R ;
wherein each Ra, Rb, Rc, and Rd is independently
hydrogen; C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein; or Rb and Rc
together with the N atom to which they are attached
form heterocyclyl, optionally substituted with one or
more substituents Q as described herein; and each star
(*) is the point of attachment. [0065] In certain
embodiments, A is hydrogen, halo, cyano, nitro, Ci-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl,
C6.i4 aryl, heteroaryl, or heterocyclyl, wherein each
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
and heterocyclyl is optionally substituted with one or
more substituents Q as described herein. [0066] In
certain embodiments, A is hydrogen, halo, cyano, or
nitro; Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-6
alkoxy, Ci-6 alkylamine (i.e., -NR bRc, where Rb is
hydrogen and Rc is Ci-6 alkyl), or di(C 1-6
alkyl)amino (i.e., -NR bRc, where Rb and Rc are each
independently Ci-6 alkyl), each optionally substituted
with one or more substituents Q as described herein.
[0067] In certain embodiments, A is hydrogen or Ci-6
alkyl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, A is hydrogen. In certain embodiments, A
is Ci-6 alkyl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, A is C2-6 alkenyl, optionally substituted
with one or more substituents Q as described herein.
In certain embodiments, A is C2-6 alkynyl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, A is C3-7
cycloalkyl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, A is C6-I4 aryl, optionally substituted
with one or more substituents Q as described herein.
In certain embodiments, A is heteroaryl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, A is
heterocyclyl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, A is -OR 3, wherein R3 is as defined
herein. In certain embodiments, A is -NR bRc, wherein
Rb and Rc are each as defined herein. In certain
embodiments, A is isopropylamino.[0068] In certain
embodiments, A is hydrogen, cyano, fluoro, methyl,
ethyl, H-propyl, isopropyl, isobutyl, isopentyl,
trifluoromethyl, ethenyl, ethynyl, cyclopropyl,
cyclobutyl, benzyl, 2-morpholin-4-yl-ethyl, methoxy,
ethoxy, or isopropylamino. In certain embodiments, A
is hydrogen, ,cyano, methyl, isopropyl, isobutyl,
trifluoromethyl, cyclopropyl, cyclobutyl, ethenyl,
ethtnyl, methoxy, ethoxy, or isopropylamino. [0069] In
certain embodiments, E is hydrogen, Ci-6 alkyl, C2 6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heterocyclyl, or heteroaryl, wherein each alkyl,
alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl, and
heterocyclyl is optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, E is hydrogen, methyl, ethyl, npropyl,
isopropyl, cyclopropyl, isobutyl, isopentyl,
trifluoromethyl, benzyl, 2-morpholin-4-ylethyl,
cyclobutyl, ethynyl, methoxy, ethoxy, or
isopropylamino. In certain embodiments, E is hydrogen,
methyl, ethyl, ^-propyl, isopropyl, isobutyl,
isopentyl, benzyl, or 2-morpholin-4- yl-ethyl.[0070]
In certain embodiments, R2 is selected from the group
consisting of: [0071] In certain embodiments, L is a
bond. In certain embodiments, L is Ci-6 alkylene,
optionally substituted with one or more substituents Q
as described herein. [0072] In certain embodiments, L
is -<CR6aR6b)pX-, wherein R6a, R6b, X, and p are each
as defined herein. In certain embodiments, R6a and R6b
are each independently hydrogen or halo. In certain
embodiments, L is -(CR 6aR6b)pO-, wherein R6a, R6b,
and p are each as defined herein. In certain
embodiments, L is -<CR6aR6b)pC(O)-, wherein R6a, R6b,
and p are each as defined herein. In certain
embodiments, L is-(CR6aR6b)pC(O)O-, wherein R6a, R6b,
and p are each as defined herein. In certain
embodiments, L is -(CR 6aR6b)pOC(O)-, wherein R6a,
R6b, and p are each as defined herein. In certain
embodiments, L is-(CR 6aR6b)pOC(O)O- wherein R6a, R6b,
and p are each as defined herein. In certain
embodiments, L is -(CR 6aR6b)pC(O)NR 14- wherein R6a,
R6b, R14 , and p are each as defined herein. In
certain embodiments, L is -(CR 6aR6b)pNR14C(O)-,
wherein R6a, R6b, R14 , and p are each as defined
herein. In certain embodiments, L is -(CR
6aR6b)pNR14C(O)NR 15- , wherein R a, R , R14 , R15 ,
and p are each as defined herein. In certain
embodiments, L is -(CR 6aR6b)pC(=NRI4)NR15- wherein
R6a, R6b, R14 , R15 , and p are each as defined
herein. In certain embodiments, L is -(CR
6aR6b)pNR14C(=NR15)-, wherein R6a, R6b, R14 , R15 ,
and p are each as defined herein. In certain
embodiments, L is -(CR 6aR6b)pNR14C(=NR I5)NR16- ,
wherein R6a, R6b, R14 , R15 , R16, and p are each as
defined herein. In certain embodiments, L is -(CR
6aR6b)pS(O)k- , wherein R6a, R6b, k, and p are each as
defined herein. In certain embodiments, L is -(CR
6aR6b)pS(O)kNR14- , wherein R6a, R6b, R14 , k, and p
are each as defined herein. In certain embodiments, L
is -(CR 6aR6b)pNR14S(O)k- wherein R6a, R6b, R14 , k,
and p are each as defined herein. In certain
embodiments, L is -(CR 6aR6b)pNR14S(O)kNR15- , wherein
R6a, R6b, R14 , R15, k, and p are each as defined
herein. In certain embodiments, L is -(CR
6aR6b)pP(O)OR 14- , wherein R6a, R6b, R14 , k, and p
are each as defined herein. In certain embodiments, L
is -<CR6aR6b)pOP(O)OR 14- , wherein R6a, R6b, R14 , k,
and p are each as defined herein. [0073] In certain
embodiments, L is -(CH 2)p-, wherein p is as defined
herein. In certain embodiments, -CH 2- . L is In
certain embodiments, L is -(CH 2)PCF2- or -CF (CH2)P-
, wherein p is as defined herein. In certain
embodiments, L is -CF 2- . In certain embodiments, L
is -(CH 2)PO-, wherein p is as defined herein. In
certain embodiments, L is -(CH 2)PC(O)-, wherein p is
as defined herein. In certain embodiments, L is -(CH
2)PC(O)O-, wherein p is as defined herein. In certain
embodiments, L is -(CH 2)POC(O)-, wherein p is as
defined herein. In certain embodiments, L is -(CH
2)pC(O)NR14- , wherein R14 and p is as defined herein.
In certain embodiments, L is -(CH 2)PNR14C(O)-,
wherein R14 and p is as defined herein. In certain
embodiments, L is -CCH2)PNR' 4C(O)NR15- , wherein R14
, R15 , and p are as defined herein. [0074] In certain
embodiments, p is 1. In certain embodiments, p is 2.
In certain embodiments, p is 3. [0075] In certain
embodiments, L is C2-6 alkenylene, optionally
substituted with one or more substituents Q. In
certain embodiments, L is C2-6 alkynylene, optionally
substituted with one or more substituents Q. In
certain embodiments, L is C3-7 cycloalkylene,
optionallysubstituted with one or more substituents Q.
[0076] In certain embodiments, L is -X-, wherein X is
as defined herein. In certain embodiments, L is -O-.
In certain embodiments, L is -C(O)-. In certain
embodiments, L is -C(O)O-. In certain embodiments, L
is -OC(O)-. In certain embodiments, L is -OC(O)O-. In
certain embodiments, L is -C(O)NR 14- , wherein R14 is
as defined herein. In certain embodiments, L is -C(=NR
14)NR 15- , wherein R14 and R15 are each as defined
herein. In certain embodiments, L is -NR 14- , wherein
R14 is as defined herein. In certain embodiments, L is
-NR 14C(O)-, wherein R14 is as defined herein. In
certain embodiments, L is -NR 14C(O)NR 15- , wherein
R14 and R15 are each as defined herein. In certain
embodiments, L is -NR 14C(=NR 15)-, wherein R14 and
R15 are each as defined herein. In certain
embodiments, L is -NR 14C(=NR 15)NR16- , wherein R14 ,
R15, and R16 are each as defined herein. In certain
embodiments, L is-NR14S(O)k- , wherein R14 and k are
each as defined herein. In certain embodiments, L is
-NR 14S(O)kNR15- , wherein k, R14 , and R15 are each
as defined herein. In certain embodiments, L is -S(O)
k , wherein k is as defined herein. In certain
embodiments, L is -S(O) kNR14- , wherein R14 and k are
each as defined herein. In certain embodiments, L is
-P(O)(OR 14)-, wherein R14 is as defined herein. In
certain embodiments, L is -OP(O)(OR 14)-, wherein R14
is as defined herein. [0077] In certain embodiments,
each R14 and R15 is independently hydrogen; Ci- alkyl,
C3-7 cycloalkyl, C6.i4 aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, each R14 and R15 is independently
hydrogen; Ci-6 alkyl, or C3-7 cycloalkyl, each
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R14 and
R15 are hydrogen. [0078] In certain embodiments, R3 is
hydrogen. In certain embodiments, R5 is hydrogen. In
certain embodiments, R3 and R5 are hydrogen. In
certain embodiments, R5 is methoxy. [0079] In certain
embodiments, R6 is hydrogen, hydroxyl, cyano, or halo;
Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein; or -0R a, wherein
Ra is Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6- I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein. [0080] In certain
embodiments, R6 is halo or -OR a, wherein Ra is as
defined herein.In certain embodiments, R6 is -OR a,
wherein Ra is as defined herein. In certain
embodiments, Ra is Ci-6 alkyl, C3.7 cycloalkyl, or
C6-14 aryl, each optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, Ra is Cj-6 alkyl or C3-7 cycloalkyl, each
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R6 is
methoxy. In certain embodiments, R6 is halo. In
certain embodiments, R6 is chloro. In certain
embodiments, R6 is fluoro. In certain embodiments, R6
is hydrogen. [0081] In certain embodiments, R7 is
hydrogen, hydroxyl, cyano, or halo; Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6- I4 aryl,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein; or -OR a, wherein Ra is C -6 alkyl,
C2-6 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4
aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein. [0082] In certain embodiments, R7 is
halo or -OR a, wherein Ra is as defined herein. In
certain embodiments, R7 is -OR a, wherein Ra is as
defined herein. In certain embodiments, Ra is Ci-6
alkyl, C3-7 cycloalkyl, or C6-I4 aryl, each optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, Ra is Ci-6
alkyl or C3-7 cycloalkyl, each optionally substituted
with one or more substituents Q as described herein.
In certain embodiments, R7 is methoxy. In certain
embodiments, R7 is halo. In certain embodiments, R7 is
chloro. In certain embodiments, R7 is fluoro. In
certain embodiments, R7 is hydrogen. [0083] In certain
embodiments, R6 is -OR a and R7 is hydrogen, wherein
Ra is as defined herein. In certain embodiments, R6 is
methoxy and R7 is hydrogen. [0084] In certain
embodiments, R6 is hydrogen and R7 is -OR a, wherein
Ra is as defined herein. In certain embodiments, R6 is
hydrogen and R7 is methoxy. [0085] In certain
embodiments, R is hydrogen, hydroxyl, cyano, or halo;
Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein; or -OR a, wherein
Ra is Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C6-I4
aryl, C3-7 cycloalkyl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R8 is hydrogen, halo, or C .6 alkyl,
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R8 is
hydrogen.[0086] In certain embodiments, R8 is halo. In
certain embodiments, R8 is fluoro. In certain
embodiments, R8 is chloro. In certain embodiments, R8
is bromo. In certain embodiments, R8 is iodo. [0087]
In certain embodiments, R is C1-6 alkyl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R is methyl.
[0088] In certain embodiments, R5 is hydrogen or
methoxy; R6 is hydrogen or methoxy; R is hydrogen,
chloro, or methoxy; and R is hydrogen, chloro, fluoro,
bromo, or methyl. In certain embodiments, R5 is
methoxy, and R7 is fluoro. In certain embodiments, R6
is methoxy, and R7 is chloro. In certain embodiments,
R6 is methoxy, and R8 is methyl. In certain
embodiments, R is methoxy, and R is fluoro. In certain
embodiments, R is methoxy, and R is chloro. In certain
embodiments, R is methoxy, and R is bromo. In 7 R'
certain embodiments, R is methoxy, and R is methyl.
[0089] In certain embodiments, R1 is hydrogen. [0090]
In certain embodiments, Q1 is -O-. [0091] In certain
embodiments, Q1 is -N(R 17)-, wherein R17 is as
defined herein. In one embodiment, R17 is hydrogen;
C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C -7
cycloalkyl, C6-H aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein. In another
embodiment, R17 is hydrogen; C1-6 alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q as described herein. In yet
another embodiment, R17 is hydrogen or C -6 alkyl,
optionally substituted with one or more substituents Q
as described herein. In yet another embodiment, R17 is
hydrogen. In yet another embodiment, R17 is Ci-6
alkyl, optionally substituted with one or more
substituents Q as described herein. In still another
embodiment, R17 is methyl. [0092] In certain
embodiments, Q1 is -C(R 18R19H wherein R18 and R19 are
each as defined herein. In one embodiment, R18 and R19
are each independently hydrogen; Ci-6 alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q as described herein. In another
embodiment, R18 is hydrogen. In yet another
embodiment, R19 is hydrogen. In yet another
embodiment, R18 and R19 are hydrogen. In another
embodiment, R18 is Ci-6 alkyl, optionally substituted
with one or more substituents Q as described herein.
In yet another embodiment, R19 is Ci-6 alkyl,
optionally substituted with one or moresubstituents Q
as described herein. In still another embodiment, R18
and R19 are each independently Ci 6 alkyl, optionally
substituted with one or more substituents Q as
described herein. [0093] In certain embodiments, Q1 is
-C(R 18R19H wherein R18 and R19 together with the C
atom to which they are attached form cycloalkyl,
optionally substituted with one or more substituents Q
as described herein. [0094] In certain embodiments, Q1
is -CR 17(NR18R19)-, wherein R17, R18, and R19 are
each as defined herein. In one embodiment, R17 and R18
are each independently hydrogen; C1-6 alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q as described herein. In another
embodiment, R17 is hydrogen or C1-6 alkyl, optionally
substituted with one or more substituents Q as
described herein. In yet another embodiment, R17 is
hydrogen. In yet another embodiment, R17 is Ci-6
alkyl, optionally substituted with one or more
substituents Q as described herein. In yet another
embodiment, R17 is methyl. In one embodiment, R18 is
hydrogen or C1-6 alkyl, optionally substituted with
one or more substituents Q as described herein. In yet
another embodiment, R18 is hydrogen. In yet another
embodiment, R18 is C1-6 alkyl, optionally substituted
with one or more substituents Q as described herein.
In yet another embodiment, R18 is methyl. In yet
another embodiment, R17 and 18 are hydrogen. [0095] In
certain embodiments, R19 is hydrogen, -C(O)R 20,
-C(O)OR 20, 



-C(O)NR 2 1R22, or -C(=NR 20)NR2 1R22, wherein R20, R2
1, and R22 are each as defined herein. In certain
embodiments, R19 is hydrogen. In certain embodiments,
R19 is -C(O)R 20, wherein R20 is as defined herein. In
certain embodiments, R19 is -C(O)NR 2 1R22, wherein R2
1 and R22 are each as defined herein. In certain
embodiments, R19 is -C(=NR 20)NR2 1R22, wherein R20,
R2 1, and R22 are each as defined herein. In certain
embodiments, R2 1 and R22 together with the N atom to
which they are attached form heterocyclyl, optionally
substituted with one or more substituents Q as
described herein. [0096] In certain embodiments, R19
is -C(O)OR 20, wherein R20 is defined herein. In one
embodiment, R20 is C1-6 alkyl, C3-7 cycloalkyl, C6-H
aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein. In yet another embodiment, R20 is
Ci-6 alkyl, optionally substituted with one or more
substituents Q as described herein. In yet another
embodiment, R20 is -butyl. In yet another embodiment,
R20is C6-I4 aryl, optionally substituted with one or
more substituents Q as described herein. In still
another embodiment, R20 is benzyl. [0097] In certain
embodiments, R18 and R19 together with the N atom to
which they are attached form heterocyclyl, optionally
substituted with one or more substituents Q as
described herein. [0098] In certain embodiments, R5 is
-OH. [0099] In certain embodiments, R5 is -NR 8R9,
wherein R8 and R9 are as defined herein. In certain
embodiments, R and R together with the N atom to which
they are attached form heterocyclyl, optionally
substituted with one or more substituents Q as
described herein. [00 100] In certain embodiments, R5
is -NHS(O) kR8, wherein R8 and k are each as defined
herein. In certain embodiments, R8 is Ci-6 alkyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, heterocyclyl, or
Ci-6 alkyl-C3-7 cycloalkylene, each optionally
substituted with one or more substituents Q as
described herein; or -CH 2NR8aR8b, -CHR
8cCHR8dNR8aR8b, or -CH 2CR8cR8dNR8aR8b, wherein R8a,
R8b, R8c, and R8d are each as defined herein. [00101]
In certain embodiments, R8 is C1-6 alkyl, C3-7
cycloalkyl, C6-H aryl, heteroaryl, heterocyclyl, or
Ci-6 alkyl-C 3-7 cycloalkylene, each optionally
substituted with one or more substituents Q as
described herein; or -CH 2NR8aR8b, -CHR
8cCHR8dNR8aR8b, or -CH 2CR8cR8dNR8aR8b, wherein R8a,
R8b, R8c, and R8d are each as defined herein. In
certain embodiments, R is Ci-6 alkyl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R is methyl.
In certain embodiments, R is C3-7 cycloalkyl,
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R8 is
cyclopropyl, 1-methylcyclopropyl,
1-ethynylcyclopropyl, cyclobutyl, cyclopentyl, or
cyclohexyl. In certain embodiments, R8 is C6-I4 aryl,
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R8 is
heteroaryl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R8 is heterocyclyl, optionally
substituted with one or more substituents Q as
described herein. [00 102] In certain embodiments, R8
is-CH 2NR8aR8b, wherein R8a and R8b are each as
defined herein. In certain embodiments, R8 is -CHR
8cCHR8dNR8aR8b, wherein R8a, R8b, R8c,and R8d are each
as defined herein. In certain embodiments, R8 is -CH
2CR8cR8dNR8aR8b, wherein R8a, R8b, R8c, and R8d are
each as defined herein. [00103] In certain
embodiments, R8 has the structure of wherein R' is
hydrogen; Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, halogen, heteroaryl, or
heterocyclyl, each optionally substituted with one or
more substituents Q as described herein. In one
embodiment, R' is C - alkyl. In another embodiment, R'
is hydrogen. In yet another embodiment, R' is methyl.
In yet another embodiment, R' is C2-6 alkynyl. In
still another embodiment, R' is ethynyl. [001 04]
Thus, when R5 is -NHS(O) 2R8, R5 has the structure of
wherein R' is as defined herein. In one embodiment, R'
is Ci-6 alkyl. In another embodiment, R' is hydrogen.
In yet another embodiment, R' is methyl. In yet
another embodiment, R' is C2-6 alkynyl. In still
another embodiment, R' is ethynyl. [00105] In certain
embodiments, R8a is hydrogen; Ci 6 alkyl, C3-7
cycloalkyl, C6. 4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R8a is hydrogen; Ci-6 alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R8a is hydrogen. In certain embodiments,
R8a is Ci-6 alkyl, optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R8a is methyl. In certain embodiments,
R8a is C3-7 cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In
certain embodiments, R8a is C6-I4 aryl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R8a is
heteroaryl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R8a is heterocyclyl, optionally
substituted with one or more substituents Q as
described herein. [00106] In certain embodiments, R8b
is hydrogen; Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl,
C3-7 cycloalkyl, C6. ]4 aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or
more substituents Q as described herein; or -S(O) kRp
, -S(O) kNRn R12 , -C(O)R 1 1,-C(O)OR 1 1, -C(O)NR 1
1R12 , or -C(=NR" NR12R13 , wherein R1 1, R12 , R13 ,
and k are each as defined herein. In certain
embodiments, R8b is hydrogen; Ci-6 alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q as described herein; or -C(O)R 1 1
, -C(O)OR 1' , or -C(O)NR 11R12 , wherein R1' and R12
are each as defined herein. In certain embodiments, R
is hydrogen. In certain embodiments, R is Ci- alkyl,
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R8b is
methyl, ethyl, or isopropyl. In certain embodiments,
R8b is C3-7 cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In
certain embodiments, R8b is C6-I4 aryl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R8b is
phenyl, optionally substituted with one or more
substituents Q. In certain embodiments, R8b is C6-14
aryl-Ci.6 alkylene, each optionally substituted with
one or more substituents Q as described herein. In
certain embodiments, R8b is benzyl. In certain
embodiments, R is -C(O)R , wherein R is as defined
herein. In certain embodiments, R is -C(O)R 1 1, and
R1 1 is C1-6 alkyl, optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R8b is acetyl. In certain embodiments,
R8b is -C(O)OR 1' , wherein R1' is as defined herein.
In certain embodiments, R8b is -C(O)OR 1' , and R1 1
is C1-6 alkyl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R8b is-C(O)O-/-butyl (Boc). In certain
embodiments, R8b is -C(O)NR 1 1R12 , wherein R1 1 and
R12 are each as defined herein. [00107] In certain
embodiments, R8c is hydrogen; Ci-6 alkyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R8c is hydrogen; C1-6 alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R8c is hydrogen. In certain embodiments,
R8c is Ci-6 alkyl, optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R8c is methyl. In certain embodiments,
R8c is C3-7 cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In
certain embodiments, R8c is C6-I4 aryl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R8c is
heteroaryl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R8c is heterocyclyl, optionally
substituted with one or more substituents Q as
described herein. [00108] In certain embodiments, R8d
is hydrogen; Ci 6 alkyl, C3-7 cycloalkyl, C6-I4
aryl,heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R8d is
hydrogen; Ci-6 alkyl, or C3-7 cycloalkyl, each
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R8d is
hydrogen. In certain embodiments, R8d is Ci-6 alkyl,
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R8d is
methyl. In certain embodiments, R8d is C3-7
cycloalkyl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R8d is C6-H aryl, optionally substituted
with one or more substituents Q as described herein.
In certain embodiments, R8d is heteroaryl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R8d is
heterocyclyl, optionally substituted with one or more
substituents Q as described herein. [00109] In certain
embodiments, R30 is Ci-6 alkyl, C3 cycloalkyl, C6-I4
aryl, heteroaryl, heterocyclyl, or Ci- alkyl-C 3.7
cycloalkylene, each optionally substituted with one or
more substituents Q as described herein; or -CH
2NR30aR30b, -CHR 30cCHR30dNR30aR30b, or -CH
2CR30cR30dNR30aR30b, wherein R3Oa, R30b, R3Oc, and 30d
are each as defined herein. In certain embodiments,
R30 is C -6 alkyl, optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R30 is methyl. In certain embodiments,
R30 is C3-7 cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In
certain embodiments, R30 is cyclopropyl, 1-
methylcyclopropyl, cyclobutyl, cyclopentyl, or
cyclohexyl. In certain embodiments, R30 is C6-I4 aryl,
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R30 is
heteroaryl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R30 is heterocyclyl, optionally
substituted with one or more substituents Q as
described herein. [001 10] In certain embodiments, R30
is -CH 2NR30aR30b, wherein R3Oa and R30b are each as
defined herein. In certain embodiments, R30 is -CH
2CR30cR30dNR30aR30b, wherein R30a, R30b, R30c, and
R3Od are each as defined herein. In certain
embodiments, R30 is -CHR 30cCHR30dNR30aR30b, wherein
R30a, R30b, R3Oc, and R3Od are each as defined herein.
[001 11] In certain embodiments, R30 has the structure
ofwherein R' is hydrogen; Ci-6 alkyl, C2-6 alkenyl,
C2.6 alkynyl, C6-I4 aryl, C3-7 cycloalkyl, heteroaryl,
or heterocyclyl, each optionally substituted with one
or more substituents Q as described herein. In one
embodiment, R' is C1-6 alkyl. In another embodiment,
R' is hydrogen. In yet another embodiment, R' is
methyl. In yet another embodiment, R' is C2-6 alkynyl.
In still another embodiment, R' is ethynyl. [001 12]
In certain embodiments, R3Oa is hydrogen; Ci-6 alkyl,
C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R3Oa is hydrogen; C1-6 alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R3Oa is hydrogen. In certain embodiments,
R30a is Ci-6 alkyl, optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R3Oa is methyl. In certain embodiments,
R30a is C3-7 cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In
certain embodiments, R a is C6-I4 aryl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R30a is
heteroaryl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R3Oa is heterocyclyl, optionally
substituted with one or more substituents Q as
described herein. [001 13] In certain embodiments,
R3Ob is hydrogen; Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or
more substituents Q as described herein; or -S(COkR1'
, -S(COkNR1 1R12 , -C(O)R 1 1, -C(O)OR 1 1, -C(O)NR 1
1R12 , or -C(=NR p )NR 12R13 , wherein R1 1, R12 , R13
, and k are each as defined herein. In certain
embodiments, R30b is hydrogen; Ci-6 alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q as described herein; or -C(O)R 1
1, -C(O)OR 1 1, Or-C(O)NR 1 1R12 , wherein R1 1 and
R12 are each as defined herein. In certain
embodiments, R  is hydrogen. In certain embodiments,
R30b is Ci-6 alkyl, optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R30b is methyl, ethyl, or isopropyl. In
certain embodiments, R30b is C3-7 cycloalkyl,
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R30b is
C6. 4 aryl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R b is phenyl, optionally substituted
with one or more substituents Q. In certain
embodiments, R30b is C6-I4 aryl-Ci -6 alkylene, each
optionally substituted with one or more substituents Q
as described herein. In certainembodiments, R30b is
benzyl. In certain embodiments, R30b is -C(O)R 1 1,
wherein R1 1 is as defined herein. In certain
embodiments, R30b is -C(O)R 1 1, and R1 1 is C1-6
alkyl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R30b is acetyl. In certain embodiments,
R3Ob is -C(O)OR 1 1, wherein R1 1 is as defined
herein. In certain embodiments, R3Ob is -C(O)OR 1 1,
and R1 1 is Ci-6 alkyl, optionally substituted with
one or more substituents Q as described herein. In
certain embodiments, R3Ob is -C(O)O-/-butyl (Boc). In
certain embodiments, R3Ob is -C(O)NR 1 1R12 , wherein
R1 1 and R12 are each as defined herein. [001 14] In
certain embodiments, R3Oc is hydrogen; Ci-6 alkyl,
C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R3Oc is hydrogen; Ci- alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R3Oc is hydrogen. In certain embodiments,
R30c is Ci-6 alkyl, optionally substituted with one or
more substituents Q as described herein. In certain
embodiments, R3Oc is methyl. In certain embodiments,
R30c is C3-7 cycloalkyl, optionally substituted with
one or more substituents Q as described herein. In
certain embodiments, R3Oc is C6-I4 aryl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R30c is
heteroaryl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R30c is heterocyclyl, optionally
substituted with one or more substituents Q as
described herein. [001 15] In certain embodiments,
R3Od is hydrogen; Ci-6 alkyl, C3-7 cycloalkyl, C6-I4
aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R3Od is
hydrogen; Ci-6 alkyl, or C3-7 cycloalkyl, each
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R30d is
hydrogen. In certain embodiments, R3Od is Ci 6 alkyl,
optionally substituted with one or more substituents Q
as described herein. In certain embodiments, R30d is
methyl. In certain embodiments, R3Od is C3-7
cycloalkyl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R30d is C6-I4 aryl, optionally
substituted with one or more substituents Q as
described herein. In certain embodiments, R30d is
heteroaryl, optionally substituted with one or more
substituents Q as described herein. In certain
embodiments, R3Od is heterocyclyl, optionally
substituted with one or more substituents Q as
described herein.[001 16] In certain embodiments, k is
1. In certain embodiments, k is 2. [001 17] In certain
embodiments, Z is CR3 . In certain embodiments, Z is
CH. In certain embodiments, Z is N. [001 18] In one
embodiment, provided herein is a compound of Formula
(IX): wherein R17, R30, R2' , R5' , R6' , R7' , R8' ,
L, and n are each as defined herein; and Z is CH or N.
In one embodiment, L is -O-. In another embodiment,
R17 is Ci-6 alkyl. In yet another embodiment, R17 is
methyl. In yet another embodiment, R17 is C1-6 alkyl
and L is -O-. In still another embodiment, R17 is
methyl and L is -O-. [001 19] In yet another
embodiment, provided herein is a compound of Formula
(X): wherein R1' 88 , r R> 1i 9, r R>3 0U, tR, T R>5',
R6' ,t R " 7', R5 , L, and n are each as defined
herein; and Z is CHor N. In one embodiment, L is -O-.
In another embodiment, R18 is hydrogen. In yet another
embodiment, R is hydrogen and L is -O-. [00120] In one
embodiment, provided herein is the compound of Formula
IX or X, wherein each R17 is independently hydrogen, C
-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl,
C6-I4 aryl, heteroaryl, or heterocyclyl; each R30 is
independently Ci-6 alkyl, C2-6 alkenyl, C2 6 alkynyl,
C3-7 cycloalkyl, 



C6-I4 aryl, heteroaryl, heterocyclyl, or Ci- alkyl-C
3.7 cycloalkylene, each optionally substituted with
one or more substituents Q; or -CH 2NR30aR30b, -CHR
30cNR30aR30b, -CHR 300CHR3 NR303R305, or -CH
2CR30cR30dNR30aR30b, wherein: each R30a, R3Oc, and
R3Od is independently hydrogen; Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, heterocyclyl, or C6-I4 aryl- Ci-6
alkylene, each optionally substituted with one or more
substituents Q; and each R3Ob is independently
hydrogen; Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6.i4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q; -S(O) kRu , -S(OXNR 1 1R12 , -C(O)R 1
1, -C(O)OR 1 1, -C(O)NR 1 1R12 , or -C(=NR 13)NRn R12
; wherein each R1 1, R12 , and R13 is independently
hydrogen; Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q; or R1 1 and R12 together with the N
atom to which they are attached form heterocyclyl,
optionally substituted with one or more substituents
Q; or R30a and R30b together with the N atom to which
they are attached form heterocyclyl or heteroaryl,
each optionally substituted with one or more
substituents Q; each R2', R5', R6' , R7', and R8' is
independently: hydrogen, halo, cyano, trifluoromethyl,
or nitro; Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q; or -C(O)R , -C(O)OR , -C(0)NR bRc,
-C(NR a)NRbR, -OR 3, -OC(O)R 3, -OC(O)OR 3, -OC(O)NR
bR, -0C(=NR a)NRbRc, -OS(O)R 3, -OS(O) 2R3, -0S(0)NR
bR, -OS(O) 2NRbR, -NR bRc, -NR aC(O)Rb, -NR aC(0)0R b,
-NR aC(O)NRbRc, -NR 3C(=NRd)NRbRc, -NR 3S(O)Rb, -NR
aS(0) 2Rb, -NR aS(0)NR bRc, -NR aS(O)2NRbRc,-SR a,
-S(O)R 3, or -S(O) 2R ; wherein each R3, Rb, Rc, and
Rd is independently hydrogen; C -6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein; or Rb and Rc together with the N
atom to which they are attached form heterocyclyl,
optionally substituted with one or more substituents
Q; each L is independently a bond, Ci-6 alkylene, C3-7
cycloalkylene, C2-6 alkenylene, C2-6 alkynylene, X, or
-(CR 6aR6b)pX-; wherein p is an integer of 1, 2, or 3;
R6a and R6b are each independently hydrogen, halo,
cyano, hydroxyl, or alkoxy; and X is -O-, -C(O)-,
-C(O)O-, -OC(O)O-, -C(O)NR 14- , -C(=NR 14)NR 15- ,
-NR 14- -NR 14C(O)NR15- -NR 14C(=NR15)NR16- , -NR
14S(O)kNR15- , -S(OV-, -S(0) kNR14- , -P(O)OR 14- , or
-OP(O)OR 14- , where each R14 , R15 , and R16 is
independently hydrogen, Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl, or
heterocyclyl; each Z is independently CH or N; and
each n is independently an integer of O, 1, 2, 3, 4,
or 5. [00121] In another embodiment, provided herein
is the compound of Formula IX or X, wherein: each R17
is independently hydrogen, Ci-6 alkyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl;
each R30 is independently Ci-6 alkyl, C3-7 cycloalkyl,
C6-I4 aryl, heteroaryl, heterocyclyl, or Ci-6 alkyl-C
3-7 cycloalkylene, each optionally substituted with
one or more substituents Q; or -CH 2NR30aR30b, -CHR
3OcNR30aR30b, -CHR 30cCHR30dNR3OaR30b, or -CH
2CR300R30 R308R30 , wherein: each R30a, R30c, and R30d
is independently hydrogen; Ci-6 alkyl, C2-6 alkenyl,
C2-6 alkynyl, C3-7 cycloalkyl, C6-I4 aryl, heteroaryl,
heterocyclyl, or C6-I4 aryl- Ci-6 alkylene, each
optionally substituted with one or more substituents
Q; and each R30b is independently hydrogen; Ci-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl,
C6-I4 aryl, heteroaryl, or heterocyclyl, each
optionally substituted with one or more substituents
Q; -S(O) kRM, -S(O) kNRp R12 , -C(O)R 1 1, -C(O)OR 1
1, -C(O)NR 1 1R12 , or -C(=NR 13)NRu R12 ; wherein
each R1 1, R12 , and R13 is independently hydrogen;
C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q; or R1 1 and R12 together with the N
atom to which they are attached form heterocyclyl,
optionally substituted with one or more substituents
Q; orR30a and R3Ob together with the N atom to which
they are attached form heterocyclyl or heteroaryl,
each optionally substituted with one or more
substituents Q; each R2', R5 , R6' , R7' , and R8' is
independently: hydrogen, halo, cyano, trifluoromethyl,
or nitro; Ci-6 alkyl, C2.6 alkenyl, C2-6 alkynyl, C3-
cycloalkyl, C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q; or -C(O)R a, -C(O)OR 3, -C(0)NR bRc,
-C(NR a)NRbRc, -OR a, -OC(O)R , -OC(O)OR 3, -0C(0)NR
bRc, -0C(=NR a)NRbRc, -OS(O)R 3, -OS(O) 2R3, -OS(O)NR
bRc, -0S(0) 2NRbRc, -NR bRc, -NR aC(0)R b, -NR aC(0)0R
b, -NR aC(0)NR bRc, -NR 3C(=NRd)NRbRc, -NR 3S(O)R",
-NR aS(O)2Rb, -NR aS(0)NR bRc, -NR aS(0) 2NRbRc, -SR
3, -S(O)R 3, or -S(O) 2R3; wherein each R3, Rb, Rc,
and Rd is independently hydrogen; Ci-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C6-J4 aryl,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q as
described herein; or Rb and Rc together with the N
atom to which they are attached form heterocyclyl,
optionally substituted with one or more substituents
Q; each L is independently a bond, X, or -(CR
6aR6b)pX-; wherein p is an integer of 1, 2, or 3; R6a
and R6b are each independently hydrogen or halo; and X
is -0-, -C(O)-, -C(O)O-, -OC(O)O-, -C(O)NR 14- ,
-C(=NR 14)NR15- , -NR 14- -NR 14C(O)NR15- , -NR
14C(=NR15)NR16- , -NR 14S(O)kNR15- , -S(0) k- or-S(O)
kNR14- , where each R14 , R15 , and R16 is
independently hydrogen, Ci-6 alkyl, C2-6 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C6-H aryl, heteroaryl, or
heterocyclyl; each Z is independently CH or N; and
each n is independently an integer of 1, 2, 3, 4, or
5. [00122] In yet another embodiment, provided herein
is the compound of Formula IX or X, wherein: each R17
is independently hydrogen, Ci-6 alkyl, C3-7
cycloalkyl, C6-H aryl, heteroaryl, or heterocyclyl;
each R30 is independently Ci-6 alkyl, C3-7 cycloalkyl,
C6-H aryl, or Ci 6 alkyl- C3-7 cycloalkylene, each
optionally substituted with one or more substituents
Q; each R2 is independently C6-H aryl, heteroaryl, or
heterocyclyl, each optionally substituted with one or
more substituents Q; each R5 , R6 , R7 , and R8 is
independently hydrogen, halo,
cyano,methanesulfonamido, C1-6 alkyl, or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q; or-OR a, wherein each Ra is
independently Ci 6 alkyl, C3-7 cycloalkyl, C6-Haryl,
heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q; each L is
independently a bond, X, or -(CR 6aR6b)pX-; wherein p
is an integer of 1, 2, or 3; R a and R6b are each
independently hydrogen or halo; and X is -O-, -C(O)-,
-C(O)O-, -OC(O)O-, -C(O)NR 14- -C(=NR 14)NR15- , -NR
14- , -NR 14C(O)NR15- , -NR 14C(=NR15)NR16- , -NR
14S(O)IcNR15- -S(0) k- or-S(O) kNR14-,where each R14 ,
R15 , and R16 is independently hydrogen, Ci-6 alkyl,
C2-6 alkenyl, C 6 alkynyl, C3-7 cycloalkyl, C6-H aryl,
heteroaryl, or heterocyclyl; each Z is independently
CH or N; and each n is independently an integer of 1,
2, 3, 4, or 5. [00123] In yet another embodiment,
provided herein is the compound of Formula IX or X,
wherein: each R17 is independently Ci-6 alkyl or C3-7
cycloalkyl; each R30 is independently C -6 alkyl, C -
cycloalkyl, C6-H aryl, or Ci-6 alkyl- C3-7
cycloalkylene, each optionally substituted with one or
more substituents Q; each R2 is independently C6-H
aryl, heteroaryl, or heterocyclyl, each optionally
substituted with one or more substituents Q; each R5 ,
R6 , R7 , and R8 is independently hydrogen, halo,
cyano, C - alkyl, or C3-7 cycloalkyl, each optionally
substituted with one or more substituents Q; or -0R a,
wherein each Ra is independently Ci-6 alkyl or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q; each L is independently -O-
-C(O)-, -C(O)O-, -OC(O)O-, -C(O)NR 14- , or -NR 14- ,
where R14 is hydrogen, Ci-6 alkyl or C3-7 cycloalkyl;
each Z is independently CH or N; and each n is
independently an integer of 1, 2, 3, 4, or 5. [00124]
In yet another embodiment, provided herein is the
compound of Formula IX or X, wherein: each R17 is
independently Ci-6 alkyl; each R30 is independently
Ci-6 alkyl or C3-7 cycloalkyl optionally substituted
with one or more substituents Q;each R2 is
independently C6-I4 aryl, heteroaryl, or heterocyclyl,
each optionally substituted with one or more
substituents Q; each R5 , R6 , R7 , and R8 is
independently halo, cyano, methanesulfonamido, Ci-6
alkyl, or C3-7 cycloalkyl, each optionally substituted
with one or more substituents Q; or -OR a, wherein
each Ra is independently C1-6 alkyl or C3-7
cycloalkyl, each optionally substituted with one or
more substituents Q; L is -O-; each Z is independently
CH or N; and each n is independently an integer of 1,
2, or 3. [00125] In yet another embodiment, provided
herein is the compound of Formula IX or X, wherein:
each R17 is independently C1-6 alkyl; each R30 is
independently C1-6 alkyl, or C3-7 cycloalkyl
optionally substituted with Ci-6 alkyl or C2-6
alkynyl; each R2 is independently C6-14 aryl or
heteroaryl, each optionally substituted with one or
more substituents selected from the group consisting
of cyano, fluoro, methyl, isopropyl, trifluoromethyl,
cyclopropyl, cyclobutyl, ethenyl, and ethynyl; each R5
, R6 , R7 , and R8 is independently hydrogen, halo,
methanesulfonamido; C1-6 alkyl, optionally substituted
with one to three fluoro groups; -OR a, wherein Ra is
Ci-6 alkyl, optionally substituted with one to three
fluoro groups; L is -O-; each Z is independently CH or
N; and each n is independently an integer of 1, 2, or
3. [00126] In yet another embodiment, provided herein
is the compound of Formula IX or X, wherein: each R17
is independently methyl or ethyl; each R30 is
independently methyl, cyclopropyl,
1-methylcyclopropyl, or 1- ethynylcyclopropyl ; each
R2 is independently phenyl, 4-fluorophenyl,
2-isopropylaminothiazol-4- yl,
2-isopropylthiazol-4-yl,
2-trifluoromethylthiazol-4-yl, 4-cyanothiazol-2-yl, 4-
methylthiazol-2-yl, 4-trifluoromethylthiazol-2-yl,
4-isopropylthiazol-2-yl, 4- cyclopropylthiazol-2-yl,
4-cyclobutylthiazol-2-yl, 4-ethenylthiazol-2-yl,
4-ethynylthiazol-2-yl, 3-isopropylpyrazol-l-yl,
3-trifluoromethylpyrazol-l-yl, or
5-isopropyl-isoxazol-3-yl; each R5 is independently
hydrogen or methoxy; each R6 is independently
hydrogen, chloro, or methoxy; each R7 is independently
hydrogen, methoxy, difluoromethoxy, trifluoromethoxy,
methanesulfonamido, or chloro; each R8 is
independently hydrogen, methyl, difluoromehtyl,
fluoro, chloro, or bromo; L is -O-; each Z is
independently CH or N; and each n is independently an
integer of 1, 2, or 3. [00127] In still another
embodiment, provided herein is the compound of Formula
IX or X, wherein: each R17 is independently methyl or
ethyl; each R30 is independently methyl, cyclopropyl,
1-methylcyclopropyl, or 1- ethynylcyclopropyl; each R2
is independently phenyl, 4-fluorophenyl,
2-isopropylaminothiazol-4- yl,
2-isopropylthiazol-4-yl,
2-trifluoromethylthiazol-4-yl, 4-cyanothiazol-2-yl, 4-
methylthiazol-2-yl, 4-trifluoromethylthiazol-2-yl,
4-isopropylthiazol-2-yl, 4- cyclopropylthiazol-2-yl,
4-cyclobutylthiazol-2-yl, 4-ethenylthiazol-2-yl,
4-ethynylthiazol-2- yl, 3-isopropylpyrazol-l-yl,
3-trifluoromethylpyrazol-l-yl, or
5-isopropyl-isoxazol-3-yl; each R5 is independently
hydrogen or methoxy; each R6 is independently hydrogen
or methoxy; each R7 is independently hydrogen, chloro,
or methoxy; each R8 is independently hydrogen, methyl,
fluoro, chloro, or bromo; L is -O-; each Z is
independently CH or N; and each n is independently an
integer of 1, 2, or 3.[00128] In one embodiment,
provided herein is a compound selected from the group
consisting of and pharmaceutically acceptable salts,
solvates, and prodrugs thereof. [00129] In another
embodiment, provided herein is a compound selected
from the group consisting of and pharmaceutically
acceptable salts, solvates, and prodrugs thereof. [001
30] In yet another embodiment, provided herein is a
compound selected from the group consisting ofand
pharmaceutically acceptable salts, solvates, and
prodrugs thereof. [00131] In yet another embodiment,
the compound of Formula I is selected from the group
consisting of: and pharmaceutically acceptable salts,
solvates, and prodrugs thereof;SINGLE PHASE FLUID
IMPRINT LITHOGRAPHY METHOD CROSS-REFERENCE TO RELATED
APPLICATION [0001] The present application claims
priority to United States Patent Application
12/026,022 filed on February 5, 2008, which is
incorporated by reference herein. BACKGROUND [0002]
The field of invention relates generally to imprint
lithography. More particularly, the present invention
is directed to a system for controlling a flow of a
substance over an imprinting material. [0003]
Micro-fabrication involves the fabrication of very
small structures, e.g., having features on the order
of micro-meters or smaller. One area in which
micro-fabrication has had a sizeable impact is in the
processing of integrated circuits. As the
semiconductor processing industry continues to strive
for larger production yields while increasing the
circuits per unit area formed on a substrate,
micro-fabrication becomes increasingly important.
Micro-fabrication provides greater process control
while allowing increased reduction of the minimum
feature dimension of the structures formed. Other
areas of development in which micro-fabrication has
been employed include biotechnology, optical
technology, mechanical systems and the like. [0004] An
exemplary micro-fabrication technique is shown in
United States patent number 6,334,960 to Willson et
al. Willson et al. disclose a method of forming a
relief image in a structure. The method includes
providing a substrate having a transfer layer. The
transfer layer is covered with a polymehzable fluid
composition. A mold makes mechanical contact with the
polymerizable fluid. The mold includes a relief
structure, and the 



polymehzable fluid composition fills the relief
structure. The polymerizable fluid composition is then
subjected to conditions to solidify and polymerize the
same, forming a solidified polymeric material on the
transfer layer that contains a relief structure
complimentary to that of the mold. The mold is
thenseparated from the solid polymeric material such
that a replica of the relief structure in the mold is
formed in the solidified polymeric material. The
transfer layer and the solidified polymeric material
are subjected to an environment to selectively etch
the transfer layer relative to the solidified
polymeric material such that a relief image is formed
in the transfer layer. The time required and the
minimum feature dimension provided by this technique
is dependent upon, inter alia, the composition of the
polymerizable material. [0005] United States patent
number 5,772,905 to Chou discloses a lithographic
method and apparatus for creating ultra-fine (sub-25
nm) patterns in a thin film coated on a substrate in
which a mold having at least one protruding feature is
pressed into a thin film carried on a substrate. The
protruding feature in the mold creates a recess of the
thin film. The mold is removed from the film. The thin
film then is processed such that the thin film in the
recess is removed, exposing the underlying substrate.
Thus, patterns in the mold are replaced in the thin
film, completing the lithography. The patterns in the
thin film will be, in subsequent processes, reproduced
in the substrate or in another material which is added
onto the substrate. [0006] Yet another imprint
lithography technique is disclosed by Chou et al. in
Ultrafast and Direct Imprint of Nanostructures in
Silicon , Nature, CoI. 417, pp. 835-837, June 2002,
which is referred to as a laser assisted direct
imprinting (LADI) process. In this process, a region
of a substrate is made flowable, e.g., liquefied, by
heating the region with the laser. After the region
has reached a desired viscosity, a mold, having a
pattern thereon, is placed in contact with the region.
The flowable region conforms to the profile of the
pattern and is then cooled, solidifying the pattern
into the substrate. A concern with this technique
involves pattern distortions attributable to the
presence of gases in the flowable region. [0007] It is
desired, therefore, to provide a system to reduce
distortions in patterns formed using imprint
lithographic techniques. BRIEF DESCRIPTION OF THE
DRAWINGS [0008] Fig. 1 is a perspective view of a
lithographic system in accordance with the present
invention;[0009] Fig. 2 is a simplified elevation view
of a lithographic system shown in Fig. 1; [0010] Fig.
3 is a simplified representation of material from
which an imprinting layer, shown in Fig. 2, is
comprised before being polymerized and cross-linked;
[0011] Fig. 4 is a simplified representation of
cross-linked polymer material into which the material
shown in Fig. 3 is transformed after being subjected
to radiation; [0012] Fig. 5 is a simplified elevation
view of a mold spaced-apart from the imprinting layer,
shown in Fig. 1, after patterning of the imprinting
layer; [0013] Fig. 6 is a simplified elevation view of
an additional imprinting layer positioned atop the
substrate shown in Fig. 5 after the pattern in the
first imprinting layer is transferred therein; [0014]
Fig. 7 is a detailed perspective view of a print head
shown in Fig. 1; [0015] Fig. 8 is a cross-sectional
view of a chucking system in accordance with the
present invention; [0016] Fig. 9 is detailed
cross-sectional view of an imprint head shown in Fig.
7; and [0017] Fig. 10 is a bottom-up perspective view
of the imprint head shown in Fig. 9. DETAILED
DESCRIPTION [0018] Fig. 1 depicts a lithographic
system 10 in accordance with one embodiment of the
present invention that includes a pair of spaced-apart
bridge supports 12 having a bridge 14 and a stage
support 16 extending therebetween. Bridge 14 and stage
support 16 are spaced-apart. Coupled to bridge 14 is
an imprint head 18, which extends from bridge 14
toward stage support 16 and provides movement along
the Z-axis. Disposed upon stage support 16 to face
imprint head 18 is a motion stage 20. Motion stage 20
is configured to move with respect to stage support 16
along X- and Y-axes. It should be understood that
imprint head 18 may provide movement along the X- and
Y-axes, as well as in the Z-axis, and motion stage 20
may provide movement in the Z-axis, as well as in the
X and Y axes. An exemplary motionstage device is
disclosed in United States Patent 6,900,881 entitled
"Step and Repeat Imprint Lithography Systems,"
assigned to the assignee of the present invention, and
which is incorporated by reference herein in its
entirety. A radiation source 22 is coupled to
lithographic system 10 to impinge actinic radiation
upon motion stage 20. As shown, radiation source 22 is
coupled to bridge 14 and includes a power generator 23
connected to radiation source 22. Operation of
lithographic system 10 is typically controlled by a
processor 25 that is in data communication therewith.
[0019] Referring to both Figs. 1 and 2, connected to
imprint head 18 is a template 26 having a mold 28
thereon. Mold 28 includes a plurality of features
defined by a plurality of spaced-apart recessions 28a
and protrusions 28b. The plurality of features defines
an original pattern that is to be transferred into a
substrate 30 positioned on motion stage 20. To that
end, imprint head 18 and/or motion stage 20 may vary a
distance "d" between mold 28 and substrate 30. In this
manner, the features on mold 28 may be imprinted into
a flowable region of substrate 30, discussed more
fully below. Radiation source 22 is located so that
mold 28 is positioned between radiation source 22 and
substrate 30. As a result, mold 28 is fabricated from
a material that allows it to be substantially
transparent to the radiation produced by radiation
source 22. [0020] Referring to both Figs. 2 and 3, a
flowable region, such as an imprinting layer 34, is
disposed on a portion of a surface 32 that presents a
substantially planar profile. A flowable region may be
formed using any known technique, such as a hot
embossing process disclosed in United States patent
number 5,772,905, which is incorporated by reference
in its entirety herein, or a laser assisted direct
imprinting (LADI) process of the type described by
Chou et al. in Ultrafast and Direct Imprint of
Nanostructures in Silicon , Nature, CoI. 4 17, pp.
835-837, June 2002. In the present embodiment,
however, a flowable region consists of imprinting
layer 34 being deposited as a plurality of
spaced-apart discrete droplets 36 of a material 36a on
substrate 30, discussed more fully below. An exemplary
system for depositing droplets 36 is disclosed in
United States Patent 6,926,929, entitled "System and
Method for Dispensing Liquids," assigned to the
assignee of thepresent invention, and which is
incorporated by reference herein in its entirety.
Imprinting layer 34 is formed from material 36a that
may be selectively polymerized and cross-linked to
record the original pattern therein, defining a
recorded pattern. An exemplary composition for
material 36a is disclosed in Untied States Patent
7,157,036 entitled "Method to Reduce Adhesion Between
a Conformable Region and a Pattern of a Mold," which
is incorporated by reference in its entirety herein.
Material 36a is shown in Fig. 4 as being cross-linked
at points 36b, forming a cross-linked polymer material
36c. [0021] Referring to Figs. 2, 3 and 5, the pattern
recorded in imprinting layer 34 is produced, in part,
by mechanical contact with mold 28. To that end,
distance "d" is reduced to allow droplets 36 to come
into mechanical contact with mold 28, spreading
droplets 36 so as to form imprinting layer 34 with a
contiguous formation of material 36a over surface 32.
In one embodiment, distance "d" is reduced to allow
sub-portions 34a of imprinting layer 34 to ingress
into and fill recessions 28a. [0022] To facilitate
filling of recessions 28a, material 36a is provided
with the requisite properties to completely fill
recessions 28a, while covering surface 32 with a
contiguous formation of material 36a. In the present
embodiment, sub-portions 34b of imprinting layer 34 in
superimposition with protrusions 28b remain after the
desired, usually minimum, distance "d" has been
reached, leaving sub-portions 34a with a thickness ti,
and sub-portions 34b with a thickness, t2. Thicknesses
'V and "t/ may be any thickness desired, dependent
upon the application. Typically, t i is selected so as
to be no greater than twice the width u of
sub-portions 34a, i.e., ti < 2u, shown more clearly in
Fig. 5. [0023] Referring to Figs. 2, 3 and 4, after a
desired distance "d" has been reached, radiation
source 22 produces actinic radiation that polymerizes
and cross-links material 36a, forming cross-linked
polymer material 36c. As a result, the composition of
imprinting layer 34 transforms from material 36a to
cross-linked polymer material 36c, which is a solid.
Specifically, cross-linked polymer material 36c is
solidified to provide side 34c of imprinting layer 34
with a shape conforming to a shape of a surface 28c of
mold 28, shown moreclearly in Fig. 5. After imprinting
layer 34 is transformed to consist of crosslinked
polymer material 36c, shown in Fig. 4 , imprint head
18, shown in Fig. 2, is moved to increase distance "d"
so that mold 28 and imprinting layer 34 are
spaced-apart. [0024] Referring to Fig. 5, additional
processing may be employed to complete the patterning
of substrate 30. For example, substrate 30 and
imprinting layer 34 may be etched to transfer the
pattern of imprinting layer 34 into substrate 30,
providing a patterned surface 32a, shown in Fig. 6. To
facilitate etching, the material from which imprinting
layer 34 is formed may be varied to define a relative
etch rate with respect to substrate 30, as desired.
The relative etch rate of imprinting layer 34 to
substrate 30 may be in a range of about 1.5: 1 to
about 100: 1. [0025] Alternatively, or in addition to,
imprinting layer 34 may be provided with an etch
differential with respect to photo-resist material
(not shown) selectively disposed thereon. The
photo-resist material (not shown) may be provided to
further pattern imprinting layer 34, using known
techniques. Any etch process may be employed,
dependent upon the etch rate desired and the
underlying constituents that form substrate 30 and
imprinting layer 34. Exemplary etch processes may
include plasma etching, reactive ion etching, chemical
wet etching and the like. [0026] Referring to Figs. 7
and 8, template 26, upon which mold 28 is present, is
coupled to an imprint head housing 18a via a chucking
system 40 that includes a chuck body 42. Chuck body 42
is adapted to retain template 26 upon which mold 28 is
attached employing vacuum techniques. To that end,
chuck body 42 includes one or more recesses 42a that
are in fluid communication with a pressure control
system, such as a fluid supply system 70. Fluid supply
system 70 may include one or more pumps to provide
both positive and negative pressure, as well as a
supply of fluid to facilitate reducing, if not
preventing, trapping of gases, such as air, in
imprinting layer 34, shown in Fig. 5. An exemplary
chucking system is disclosed in United States patent
application number 10/293,224, entitled "Chucking
System For Modulating Shapes of Substrates," assigned
to the assignee of the present invention, and which is
incorporated by reference in its entirety
herein.[0027] As discussed above, during imprinting
template 26 and, therefore, mold 28, is brought into
proximity with substrate 30 before patterning
imprinting material 36a, shown in Fig. 3, is disposed
on a region 77 of substrate 30. Specifically, template
26 is brought within microns of substrate 30, e.g., 15
microns more or less. It has been found desirable to
perform localized control of the atmosphere 78 that is
proximate to both template 26 and region 77. For
example, to avoid the deleterious effects of gases
present in imprinting material 36a, shown in Fig. 3 ,
and/or subsequently trapped in the patterned
imprinting layer 34, shown in Fig. 2, it has been
found beneficial to control the consistency of fluid
in atmosphere 78 and/or the pressure of atmosphere 78.
[0028] Referring to Fig. 9, to facilitate control of
atmosphere 78, chuck body 42 is designed to facilitate
the passage of fluids proximate to mold 28 and imprint
head 18 includes a baffle 100 surrounding template 26.
Specifically, baffle 100 extends from imprint head 18,
terminating in a nadir 102 that lies in a plane in
which a surface 26a lies. In this fashion, mold 28
extends beyond nadir 102 to facilitate contact with
region 77. Chuck body 42 includes one or more
throughways, two of which are shown as 104 and 106.
Apertures 104a and 106a of throughways 104 and 106,
respectively, are disposed in a surface of chuck body
42 disposed between template 26 and baffle 100,
referred to as a peripheral surface 100a. Throughways
104 and 106 place apertures 104a and 106a in fluid
communication with fluid supply system 70, shown in
Fig. 8. Baffle 100 functions to slow the movement of
fluid exiting apertures 104a and 106a away from mold
28. To that end, baffle 100 includes first and second
opposed surfaces 102a and 102b. First opposed surface
102a extends from nadir 102 away from substrate 30 and
faces template 26. Second opposed surface 102b extends
from nadir 102 away from substrate 30 and faces away
from mold 28. Although it is not necessary, first
opposed surface 102a is shown extending obliquely with
respect to second opposing surface 102b. With this
configuration, atmosphere 78 may be controlled by
introduction or evacuation of fluid through apertures
104a and 106a. However, first and second opposed
surfaces 102a and 102b may extend parallel to one
another from nadir 102.[0029] Referring to Figs. 3, 8
and 9, in one embodiment, atmosphere 78 is established
so that the transport of the gases present therein to
either imprinting material 36a in region 77, substrate
3 1, template 26, mold 28, or a combination thereof is
increased. The term transport is defined to mean any
mechanism by which the propagation of gases through
either imprinting material 36a, substrate 3 1,
template 26, mold 28, or a combination thereof is
increased, e.g., increased solubility, increased
diffusion and the like. To that end, fluid supply
system 70 may include a supply of imprinting material
36a. Under control of processor 25, which is in data
communication with fluid supply system 70, imprinting
material 36a may be introduced through apertures 104a
and 106a to saturate atmosphere 78 with imprinting
material 36a. This was found to reduce, if not
completely do away with, the quantity of gases, such
as air, trapped in the imprinting layer 34, shown in
Fig. 5, during imprint processes. This is beneficial
as it was found that the presence of air in imprinting
layer 34, shown in Fig. 5, creates undesirable voids.
Alternatively, it was found that by saturating
atmosphere 78 with carbon dioxide and/or helium the
quantity of air trapped in imprinting layer 34, shown
in Fig. 5, was substantially reduced if not avoided.
It should be understood that a mixture of 



imprinting material 36a, carbon dioxide and/or helium
may be introduced into atmosphere 78 to reduce the
quantity of air trapped in imprinting layer 34, shown
in Fig. 5 . [0030] Referring to Figs. 2, 9 and 10, a
difficulty encountered with respect to introducing
fluids was to ensure that the molecules in the fluid
streams 104b and 106b exiting apertures 104a and 106a,
respectively, traveled to a region of the atmosphere
positioned between mold 28 and droplets 36, and before
contact of droplets 36 with mold 28. This region of
atmosphere 78 is referred to as a processing region
78a. As shown, apertures 104a and 106a are disposed
about peripheral surface 100a, which is spaced-apart
from processing region 78a. Given that the separation
of mold 28 from region 77 is on the order of microns,
the relative dimensions of the molecules in fluid
streams 104b and 106b and the spacing between mold 28
and region 77 makes difficult the ingression of the
aforementioned molecules into processing region
78a.[0031] Referring to Figs. 8 and 9, one manner in
which to overcome the aforementioned difficulty is to
have fluid supply system 70 under control of processor
25. A memory (not shown) is in data communication with
processor 25. The memory (not shown) comprises a
computer-readable medium having a computer-readable
program embodied therein. The computer-readable
program includes instructions to pulse fluid streams
104b and 106b into atmosphere 78 having a desired
mixture of molecules, discussed above. In this manner,
laminar flow of fluid streams 104b and 106b may be
avoided. It is believed that by providing fluid
streams 104b and 106b with turbulent flow, the
probability will be increased that a sufficient
quantity of the molecules contained therein will reach
processing region 78a to reduce, if not avoid, the
presence of gases being trapped in imprinting layer
34. To that end, fluid may be pulsed through both
apertures 104a and 106a, concurrently, or sequentially
pulsed through the same, i.e., first fluid is
introduced through aperture 104a and subsequently
through aperture 106a and then again through 104a,
with the process being repeated for a desired time or
during the entire imprinting process. Furthermore, the
timing of the flow of gas into processing region 78a
is important because it is desired that a sufficient
quantity of molecules contained therein reach
processing region 78a before contact is made between
mold 28 and droplets 36. [0032] Referring to Fig. 9,
alternatively, fluid may be pulsed through one of the
apertures, e.g., aperture 104a, and then evacuated
through the remaining aperture, e.g., aperture 106a.
In this manner, fluid would be drawn across processing
region 78a. It may also be advantageous to pulse the
fluid through both apertures 104a and 106a,
concurrently, then evacuate through both apertures
104a and 106a concurrently. It is desired, however,
that the flow rate of fluid be established to
minimize, if not avoid, movement of droplets 36, shown
in Fig. 2. [0033] To ensure that the fluids exiting
apertures 104a and 106a crosses through processing
region 78a, it may be advantageous to concurrently
pulse fluid through both apertures 104a and 106a
concurrently and then altematingly evacuate through
one of apertures 104a or 106a. Concurrently
introducing the fluid through both apertures 104a and
106aminimizes the time required to saturate atmosphere
78. Alternatingly evacuating the fluid through one of
apertures 104a and 106a ensures that the fluid travels
through processing region 78a. For example, a first
step would include introducing fluid into atmosphere
78 through both apertures 104a and 106a. A second step
would include evacuating the fluid through one of
apertures 104a and 106a, e.g., aperture 104a.
Thereafter, at a third step, fluid would be introduced
into atmosphere 78 through both apertures 104a and
-106a, concurrently. At a fourth step, fluid would be
evacuated through one of apertures 104a and 106a that
was not employed in the previous step to remove fluid,
e.g., aperture 106a. It should be understood that
evacuation may occur through one of apertures 104a and
106a, while fluid is being introduced through the
remaining aperture of apertures 104a and 106a.
Alternatively, evacuation may occur in the absence of
a fluid flow into atmosphere 78. The desired result is
that fluid ingression into atmosphere 78 and fluid
evacuation therefrom occurs so that the desired
concentration of fluid is present. [0034] Referring to
Figs. 9 and 10, in another embodiment, a plurality of
apertures may be disposed about peripheral surface
100a so that each of the apertures of a pair is
disposed opposite one another on opposite sides of
template 26. This is shown by aperture pair 104a and
106a being disposed opposite one another on opposite
sides of template 26. A second aperture pair is shown
as 108a and 110a. Apertures 108a and 110a are disposed
opposite one another on opposite sides of template 26.
[0035] As shown, each of apertures 104a, 106a, 108a
and 110a, are arranged to lie on a common circle with
adjacent apertures being spacedapart therefrom by 90.
In this manner, each of apertures 104a, 106a, 108a and
110a are arranged to facilitate fluid flow in/out of a
different quadrant of chuck body 42. Specifically,
aperture 104a facilitates fluid flow in/out of
quadrant I; aperture 106a facilitates fluid flow
in/out of quadrant II; aperture 108a facilitates fluid
flow in/out of quadrant III; and aperture 110a
facilitates fluid flow in/out of quadrant IV. However,
any number of apertures may be employed, e.g., more
than one per quadrant with differing quadrants having
differing numbers of apertures and arranged in any
spatial arrangementdesired. Each of these arrangements
should facilitate introduction and/or evacuation of a
plurality of flows of fluid streams into atmosphere
78, with a subset of the plurality of flows being
introduced to differing regions about template 26. It
is believed that introduction of the multiple flows of
fluid streams provides a turbulent flow of fluid in
atmosphere 78. This, it is believed, increases the
probability that molecules in the fluid streams would
reach processing region 78a. However, fluid flow into
atmosphere 78 through each of the apertures 104a,
106a, 108a and 110a and evacuation of fluid from
atmosphere 78 therethrough may occur in any manner
discussed above. [0036] In another embodiment, a fluid
stream may be introduced through each of apertures
104a, 106a, 108a and 110a sequentially so that a flow
cell 112 may be created between template 26 and region
77. Flow cell 112 would facilitate ingression of
molecules in the fluid streams into processing region
78a to provide the benefits mentioned above. For
example, first a fluid flow may be introduced through
aperture 104a and then terminated. After termination
of fluid flow through aperture 104a, fluid flow
through aperture 106a is commenced to introduce fluid
into atmosphere 78. Subsequently, fluid flow through
aperture 106a is terminated. After termination of
fluid flow through aperture 106a, fluid flow through
aperture 108a is commenced to introduce fluid into
atmosphere 78. Fluid flow in through aperture 108a is
subsequently terminated. After termination of fluid
flow through aperture 108a, fluid flow through
aperture 110a is commenced to introduce fluid into
atmosphere 78. In this manner, fluid is introduced
into atmosphere 78 through a single quadrant at any
given time. However, it may be desirable to introduce
fluid into more than one quadrant. Although this may
frustrate creation of flow cell 112, it is within
confines of the present invention. [0037]
Alternatively, sequential introduction and evacuation
through apertures 104a, 106a, 108a and 110a may be
undertaken to create flow cell 112. This would include
introducing fluid through one or more of apertures
104a, 106a, 108a and 110a, concurrently. Subsequently,
sequential evacuation may occur through each of
apertures 104a, 106a, 108a and 110a to create flow
cell 112. For example, fluid may be introduced through
allapertures in chuck body 42, concurrently.
Thereafter, fluid may be evacuated from each of
apertures 104a, 106a, 108a and 110a, one at a time.
Before, the concentration in atmosphere 78 of fluid
introduced through apertures 104a, 106a, 108a and 110a
went below a desired level due to evacuation. The
fluid may then be reintroduced through one or all of
apertures 104a, 106a, 108a and 110a again and the
process repeated to create and/or maintain flow cell
112. [0038] The embodiments of the present invention
described above are exemplary. Many changes and
modifications may be made to the disclosure recited
above, while remaining within the scope of the
invention. Therefore, the scope of the invention
should not be limited by the above description, but
instead should be determined with reference to the
appended claims along with their full scope of
equivalents.WHAT IS CLAIMED IS: 1. A method for
reducing gases present in a layer of viscous liquid
positioned on a substrate, said method comprising:
varying a transport of gases proximate to said viscous
liquid to increase said transport of said gases
through either said viscous liquid, said substrate, a
mold assembly spaced-apart from said substrate, or a
combination thereof. 2. The method as recited in claim
1 wherein said transport of said gases further
includes increasing a solubility of said gases in
either said viscous liquid, said substrate, said
template, or a combination thereof. 3 . The method as
recited in claim 1 wherein said transport of said
gases further includes increasing a diffusion of said
gases in either said viscous liquid, said substrate,
said template, or a combination thereof. 4 . The
method as recited in claim 1 further including
controlling an atmosphere proximate to said substrate
by introducing a fluid therein. 5. The method as
recited in claim 1 further including reducing a
pressure of an atmosphere proximate to said substrate.
6. The method as recited in claim 1 wherein varying
further includes saturating an atmosphere proximate to
said viscous liquid with a helium gas. 7. The method
as recited in claim 1 further including solidifying a
pattern into said viscous liquid. 8. A method for
reducing gases present in viscous liquid positioned on
a substrate, said method comprising:defining a
processing region proximate to said substrate by
placing a mold assembly in close proximity with said
viscous liquid, said processing region having an
atmosphere associated therewith; and varying
characteristics of said atmosphere to increase a
transport of gases in said atmosphere, with said
transport of said gases being through either said mold
assembly, said substrate, said liquid, or a
combination thereof. 9 . The method as recited in
claim 8 wherein varying further includes increasing a
solubility of said atmosphere in said viscous liquid,
said substrate, said mold assembly, or a combination
thereof. 10. The method as recited in claim 8 wherein
varying further includes increasing a diffusion of
said atmosphere in said viscous liquid, said mold
assembly, said substrate, or a combination thereof.
11. The method as recited in claim 8 wherein varying
further includes introducing, into said atmosphere, a
gas selected from a set of gasses consisting of carbon
dioxide and helium. 12. The method as recited in claim
11 further including reducing a pressure of said
atmosphere. 13. The method as recited in claim 8
further including forming, from said viscous liquid, a
solidified patterned layer. 14. A method for reducing
gases present in a layer of viscous liquid positioned
on a substrate, said method comprising: placing a mold
assembly in close proximity with said substrate,
defining a processing region therebetween havingvan
atmosphere associated therewith;introducing a fluid
into said atmosphere to increase a transport of said
gases in either said viscous liquid, said mold
assembly, said substrate, or a combination thereof;
and reducing a pressure of said processing region by
applying a vacuum to said processing region. 15. The
method as recited in claim 14 wherein introducing
further includes increasing a solubility of said
atmosphere in said viscous liquid, said substrate,
said mold assembly, or a combination thereof. 16. The
method as recited in claim 14 wherein introducing
further includes increasing diffusion of said
atmosphere in said viscous liquid, said substrate,
said mold assembly, or a combination thereof. 17. A
method for reducing gases present in a layer of
viscous liquid deposited on a substrate, said method
comprising: varying a composition of gases proximate
to said viscous liquid to increase transport of said
gases in either said viscous liquid, said substrate, a
mold assembly spaced-apart from said substrate, or a
combination thereof. 18. The method as recited in
claim 17 wherein varying further includes introducing
into said gases, defining initial gases, an additional
gas having a solubility in said viscous liquid that is
greater than a solubility of said initial gases in
said viscous liquid. 19. The method as recited in
claim 17 wherein varying further includes introducing
into said gases, defining initial gases, an additional
gas having a diffusivity in said viscous liquid that
is greater than a diffusivity of said initial gases in
said viscous liquid. 20. The method as recited in
claim 17 wherein varying further includes controlling
an atmosphere proximate to said substrate by
introducing a fluid, therein, saturated with said
viscous liquid.2 1. The method as recited in claim 17
further including reducing a pressure of an atmosphere
proximate to said substrate. 22. The method as recited
in claim 18 wherein introducing further includes
introducing said additional gas selected from a set of
gases consisting of carbon dioxide and helium. 23. The
method as recited in claim 19 wherein introducing
further includes introducing said additional gas
selected from a set of gases consisting of carbon
dioxide and helium. 24. The method as recited in claim
17 wherein varying further includes saturating an
atmosphere proximate to said viscous liquid with a
helium gas. 


