
CERTAIN NITROGEN CONTAINING BICYCLIC CHEMICAL ENTITIES
FOR TREATING VIRAL INFECTIONS [001] This application
claims the benefit of U.S. provisional patent
application number 61/041,084, filed 3 1 March 2008
and of U.S. provisional patent application number
60/964,223, filed 10 August 2007, each of which is
incorporated herein by reference. [002] Provided are
certain chemical entities, pharmaceutical compositions
and methods of treatment of a member of the
flaviviradae family of viruses such as hepacivirus
(Hepatitis C or HCV). [003] The Flaviviridae family of
viruses is composed of three genera: pestivirus,
flavivirus and hepacivirus (hepatitis C virus). Of
these genera, flaviviruses and hepaciviruses represent
important pathogens of man and are prevalent
throughout the world. There are 38 flaviviruses
associated with human disease, including the dengue
fever viruses, yellow fever virus, and Japanese
encephalitis virus. Flaviviruses cause a range of
acute febrile illnesses and encephalitic and
hemorrhagic diseases. Hepaciviruses currently infect
approximately 2 to 3% of the world population and
cause persistent infections leading to chronic liver
disease, cirrhosis, hepatocellular carcinoma and liver
failure. Human pestiviruses have not been as
extensively characterized as the animal pestiviruses.
However, serological surveys indicate considerable
pestivirus exposure in humans. Pestivirus infections
in man have been implicated in several diseases
including, but not limited to, congenital brain
injury, infantile gastroenteritis and chronic diarrhea
in human immunodeficiency virus (HIV). [004] HCV is a
major causative agent for post-transfusion and for
sporadic hepatitis. Infection by HCV is insidious in a
high proportion of chronically infected (and
infectious) carriers who may not experience clinical
symptoms for many years. [005] At present, the only
acceptable treatment for chronic HCV is interferon
(IFN-alpha) and/or ribavirin and this requires at
least six (6) months of treatment, which can reduce
the viral load and also improve liver function in some
people. [006] IFN-alpha belongs to a family of
naturally occurring small proteins with characteristic
biological effects such as antiviral, immunoregulatory
and anti-tumoral activities. IFN-alpha is an important
regulator of immunological control. Treatment of HCV
with interferon, however, has limited long term
efficacy with a response rate about 25%. In
addition,treatment of HCV with interferon has
frequently been associated with adverse side effects
such as fatigue, fever, chills, headache, myalgias,
arthralgias, mild alopecia, psychiatric effects and
associated disorders, autoimmune phenomena and
associated disorders and thyroid dysfunction. [007]
Ribavirin (1-P-D-ribofuranosyl- 1H-
l,2,-4-triazole-3-carboxamide), an inhibitor of
inosine 5'-monophosphate dehydrogenase (IMPDH),
enhances the efficacy of IFN-alpha in the treatment of
HCV. Despite the introduction of Ribavirin, up to 50%
of the patients do not eliminate the virus with the
current standard therapy of interferon-alpha (IFN) and
Ribavirin. Ribavirin causes significant hemolysis in
10-20% of patients treated at currently recommended
doses, and the drug is both teratogenic and
embryotoxic. By now, standard therapy of chronic
hepatitis C has been changed to the combination of
PEG-IFN (pegylated interferon) plus ribavirin which
leads only to small improvement. [008] Other
approaches are being taken to combat the virus. They
include, for example, application of antisense
oligonucleotides or ribozymes for inhibiting HCV
replication. Furthermore, low-molecular weight
compounds that directly inhibit HCV proteins and
interfere with viral replication are considered as
attractive strategies to control HCV infection. Among
non-structral viral proteins, NS3/4a serine protease,
NS5b RNA dependent RNA polymerase are considered as
prime targets for new drugs. [009] There is a need for
the development of new compounds that combat
hepacivirus. There remains a need for agents with
stronger response rates and fewer side effects in
terms of relief of symptoms, safety, and patient
mortality, both short-term and long-term and an
improved therapeutic index. [010] Provided is at least
one chemical entity selected from compounds of Formula
1 : Formula 1 and pharmaceutically acceptable salts
thereof, whereinW1 is selected from CR1 and NR1' W3 is
selected from CR3 and NR3; W4 is selected from CR4 and
N; W6 is selected from CR6 and N; W is selected from C
and N; W9 is selected from C and N; R is absent or is
selected from hydrogen, halogen, optionally
substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15, -SR15,
-S(O)R16, -S(O)2R16, -S(O)2NR10R1 1, -NR10R1 1 NR1
1C(O)NR 10R1 1, -NR1 1C(S)NR10R1 1, -NR1 1S(O)2R14
-NR1 1C(O)OR13 , -NR1 1C(O)R12 , -C(NR1 NR10R1 1,
-C(O)NR10R1 1, -C(O)OR13 , -CN, -NO2, and -C(O)R12 ; R
is selected from halogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15 , -SR15
, -S(O)R 16 , -S(O)2R16, -S(O)2NR10R1 1, -NR10R1 1,
-NR1 1C(O)NR10R1 1, -NR1 1C(S)NR10R1 1, -NR1 1S(O)2R14
-NR1 1C(O)OR13 , -NR1 1C(O)R 12 , -C(NR1 NR10R1 1,
-C(O)NR10R1 1, -C(O)OR13, -CN, -NO2, and -C(O)R12 ; R3
is absent or is selected from hydrogen, halogen,
optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted cycloalkyl, optionally substituted amino,
optionally substituted heterocycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl,
-OR15, -SR15 , -S(O)R16 , -S(O)2R16 , -S(O)2NR10R1 1,
-NR10R1 1, -NR1 1C(O)NR10R", -NR1 1C(S)NR10R1 1, -NR1
1S(O)2R14 -NR1 1C(O)OR 13 , -NR1 1C(O)R12 , -C(NR1
NR10R1 1, -C(O)NR10R1 1, -C(O)OR13 , -CN, -NO2, and
-C(O)R 12 ; R4 is selected from hydrogen, halogen,
optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted cycloalkyl, optionally substituted 



amino, optionally substituted heterocycloalkyl,
optionally substituted aryl, optionally substituted
heteroaryl, -OR15, -SR15, -S(O)R 16 , -S(O)2R16,
-S(O)2NR10R1 1, -NR10R1 1, -NR1 1C(O)NR10R1 1, -NR1
1C(S)NR10R1 1, -NR1 1S(O)2R14 -NR11C(O)OR13 , -NR1
1C(O)R12 , -C(NR1 NR10R11, -C(O)NR10R1 1, -C(O)OR 13 ,
-CN, -NO2, and -C(O)R12 ; R5 is selected from halogen,
optionally substituted alkyl, optionally substituted
alkenyl,optionally substituted alkynyl, optionally
substituted cycloalkyl, optionally substituted amino,
optionally substituted heterocycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl,
-OR15 , -SR15 , -S(O)R 16 , -S(O)2R16, -S(O)2NR10R1 1,
-NR10R1 1, -NR1 1C(O)NR10R1 1, -NR1 1C(S)NR 10R1 1,
-NR1 1S(O)2R14 -NR1 1C(O)OR13 , -NR1 1C(O)R 12 ,
-C(NR1 NR10R1 1, -C(O)NR10R1 1, -C(O)OR 13 , -CN,
-NO2, and -C(O)R12 ; R6 is selected from hydrogen,
halogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted cycloalkyl, optionally
substituted amino, optionally substituted
heterocycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, -OR15, -SR15,
-S(O)R 16 , -S(O)2R16, -S(O)2NR10R1 1, -NR10R11, -NR1
1C(O)NR10R1 1, -NR1 1C(S)NR 10R1 1, -NR1 1S(O)2R14
-NR1 1C(O)OR13 , -NR1 1C(O)R 12 , -C(NR1 NR10R1 1,
-C(O)NR10R1 1, -C(O)OR 13 , -CN, -NO2, and -C(O)R12 ;
R7 is selected from halogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15 ,
-SR15, -S(O)R 16 , -S(O)2R16, -S(O)2NR10R1 1, -NR10R1
1 , -NR1 1C(O)NR10R1 1, -NR1 1C(S)NR10R1 1, -NR1
1S(O)2R14 -NR11C(O)OR13 , -NR1 1C(O)R 12 , -C(NR1
NR10R1 1, -C(O)NR10R1 1, -C(O)OR 13 , -CN, -NO2, and
-C(O)R12 ; R10 and R1 1 are independently selected
from hydrogen, optionally substituted alkyl,
optionally substituted amino, optionally substituted
alkoxy, optionally substituted cycloalkyl, optionally
substituted heterocycloalkyl, optionally substituted
aryl, and optionally substituted heteroaryl, or R10
and R1 1, taken together with any intervening atoms,
form a ring system selected from optionally
substituted heterocycloalkyl, and optionally
substituted heteroaryl; R12 is selected from hydrogen,
optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; R13 is selected from hydrogen,
optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; R14 is selected from
optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl;R15 is selected from hydrogen,
optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; and R16 is selected from
optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted heterocycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl; provided that if W1 is NR1 and
W3 is NR3, then R3 is absent; if W3 is NR3 and W1 is
NR1, then R1 is absent; at least one of W1, W3,W8, and
W9 is N; no more than four of W1, W3,W4,W6,W8, and W9
are N; and if W1 is N,W4 is N, and W6 is CR6, then W8
is not N; and further provided that the compound of
Formula 1 is not (5-(5-chlorothiophen-2-y
l)-7-(trifluoromethyl)pyrazolo [1,5 - ]pyridin-2-yl)(3
-(3 ,4-
dimethoxyphenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-l
H-pyrazol-l-yl)methanone;
(5-(5-chlorothiophen-2-yl)-7-(trifluoromethyl)pyrazolo
[l,5- ]pyridin-2-yl)(3-(2,5-
dimethylphenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-l//-py
razol-l-yl)methanone; or
(5-(5-chlorothiophen-2-yl)-7-(trifluoromethyl)pyrazolo
[1,5 - ]pyridin-2-yl)(3 -(3 ,4-
dichlorophenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-
1H-pyrazol- 1-yl)methanone. [01 1] Also provided is a
pharmaceutical composition comprising a
pharmaceutically acceptable diluent and a
therapeutically effective amount of at least one
chemical entity described herein. [01 2] Also provided
is a pharmaceutical composition comprising a
pharmaceutically acceptable diluent and a
therapeutically effective amount of at least one
chemical entity chosen from compounds of Formula 1a
Formula Ia and pharmaceutically acceptable salts
thereof, wherein W3 is selected from CR3 and NR3;R2 is
selected from halogen, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted
alkynyl, optionally substituted cycloalkyl, optionally
substituted amino, optionally substituted
heterocycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, -OR15 , -SR15,
-S(O)R 16, -S(O)2R16, -S(O)2NR10R1 1, -NR10R1 1, -NR1
1C(O)NR10R1 1, -NR1 1C(S)NR10R", -NR1 1S(O)2R14 -NR1
1C(O)OR13 , -NR1 1C(O)R 12 , -C(NR")NR 10R",
-C(O)NR10R", -C(O)OR 13 , -CN, -NO2, and -C(O)R12 ; R3
is absent or is selected from halogen, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted cycloalkyl, optionally
substituted amino, optionally substituted
heterocycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, -OR15 , -SR15 ,
-S(O)R16, -S(O)2R16 , -S(O)2NR10R1 1, -NR10R1 1, -NR1
1C(O)NR 10R1 1, -NR1 1C(S)NR10R1 1, -NR1 1S(O)2R14
-NR1 1C(O)OR 13 , -NR1 1C(O)R12 , -C(NR")NR 10R",
-C(O)NR10R1 1, -C(O)OR13 , -CN, -NO2, and -C(O)R12 ;
R5 is selected from halogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15 ,
-SR15, -S(O)R16, -S(O)2R16, -S(O)2NR10R1 1, -NR10R1 1,
-NR1 1C(O)NR10R1 1, -NR1 1C(S)NR10R", -NR1 1S(O)2R14
-NR1 1C(O)OR13 , -NR1 1C(O)R 12 , -C(NR U)NR 10R", 



-C(O)NR10R", -C(O)OR 13 , -CN, -NO2, and -C(O)R12 ; R6
is selected from hydrogen, halogen, optionally
substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15 , -SR15
, -S(O)R16 , -S(O)2R16, -S(O)2NR10R1 1, -NR10R1 1,
-NR1 1C(O)NR10R1 1, -NR1 1C(S)NR10R", -NR1 1S(O)2R14
-NR1 1C(O)OR13 , -NR11C(O)R 12 , -C(NR1 NR10R1 1,
-C(O)NR10R", -C(O)OR 13 , -CN, -NO2, and -C(O)R12 ; R7
is selected from halogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15 , -SR15
, -S(O)R16 , -S(O)2R16, -S(O)2NR10R1 1, -NR10R1 1,
-NR1 1C(O)NR10R1 1, -NR1 1C(S)NR10R", -NR1 1S(O)2R14
-NR1 1C(O)OR13 , -NR1 1C(O)R 12 , -C(NR1 NR10R1 1,
-C(O)NR10R", -C(O)OR 13 , -CN, -NO2, and -C(O)R12 ;
R10 and R1 1 are independently selected from hydrogen,
optionally substituted alkyl,optionally substituted
amino, optionally substituted alkoxy, optionally
substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, and
optionally substituted heteroaryl, or R10 and R1 1,
taken together with any intervening atoms, form a ring
system selected from optionally substituted
heterocycloalkyl, and optionally substituted
heteroaryl; R12 is selected from hydrogen, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; R1 is selected from hydrogen, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; R14 is selected from optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; R15 is selected from hydrogen, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; and R16 is selected from optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl. [01 3] Also provided is a pharmaceutical
composition comprising a pharmaceutically acceptable
diluent and a therapeutically effective amount of at
least one chemical entity chosen from
(5-(5-chlorothiophen-2-yl)-7-(trifluoromethyl)pyrazolo
[l,5- ]pyridin-2-yl)(3-(3,4-
dimethoxyphenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-
1/f-pyrazol- 1-yl)methanone;
(5-(5-chlorothiophen-2-yl)-7-(trifluoromethyl)pyrazolo
[l,5- ]pyridin-2-yl)(3-(2,5-
dimethylphenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-l//-py
razol-l-yl)methanone; or
(5-(5-chlorothiophen-2-yl)-7-(trifluoromethyl)pyrazolo
[l,5- a]pyridin-2-yl)(3-(3,4-
dichlorophenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-l//-py
razol-l-yl)methanone, and pharmaceutically acceptable
salts thereof. [014] Also provided are methods for
treating a viral infection mediated at least in part
by a virus in the flaviviridae family of viruses, such
as HCV, in mammals which methods compriseadministering
to a mammal, that has been diagnosed with said viral
infection or is at risk of developing said viral
infection, a pharmaceutical composition described
herein. [015] Other aspects and embodiments will be
apparent to those skilled in the art from the
following detailed description. [016] As used in the
present specification, the following words and phrases
are generally intended to have the meanings as set
forth below, except to the extent that the context in
which they are used indicates otherwise. [017] The
following abbreviations and terms have the indicated
meanings throughout: HCV: hepacivirus HIV: human
immunodeficiency virus IFN: interferon IMPDH: inosine
5'-monophosphate dehydrogenase mg: milligram kg:
kilogram MDI: metered dose inhaler DPI: dry powder
inhaler nM: nano-Molar wt%: weight percent mM:
micro-Molar EC50 : effective concentration of compound
at 50% inhibition is observed TC 0 : toxic
concentration of compound at which 50% inhibition is
observed b : Hill's coefficient g : gram K: Kelvin
raL: milli-Liter IN: 1Normal concentration AIDS:
Acquired Immunodeficiency syndrome [01 8] It is to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only and
is not intended to limit the scope of the present
specification. In this specification and in the claims
that follow, reference will be made to a number of
terms that shall be defined to have the following
meanings:[019] "Alkyl" refers to monovalent saturated
aliphatic hydrocarbyl groups having from 1 to 10
carbon atoms and, in some embodiments, from 1 to 6
carbon atoms. "Cx-yalkyl" refers to alkyl groups
having from x to y carbon atoms. This term includes,
by way of example, linear and branched hydrocarbyl
groups such as methyl (CH3-), ethyl (CH3CH2-),
^-propyl (CH3CH2CH2-), isopropyl ((CH3)2CH-), /i-butyl
(CH3CH2CH2CH2-), isobutyl ((CH3)2CHCH2-), 



sec-butyl ((CH3)(CH3CH2)CH-), r-butyl ((CH3)3C-),
n-pentyl (CH3CH2CH2CH2CH2-), and neopentyl
((CH3)3CCH2-). [020] "Substituted alkyl" refers to an
alkyl group having from 1 to 5 and, in some
embodiments, 1 to 3 or 1 or 2 substituents selected
from alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, alkoxy, substituted alkoxy, acyl,
acylamino, acyloxy, amino, substituted amino,
aminocarbonyl, aminothiocarbonyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy,
aminosulfonyl, aminosulfonyloxy, aminosulfonylamino,
amidino, aryl, substituted aryl, aryloxy, substituted
aryloxy, arylthio, substituted arylthio, azido,
carboxyl, carboxyl ester, (carboxyl ester)amino,
(carboxyl ester)oxy, cyano, cycloalkyl, substituted
cycloalkyl, cycloalkyloxy, substituted cycloalkyloxy,
cycloalkylthio, substituted cycloalkylthio, guanidino,
substituted guanidino, halo, hydroxy, hydroxyamino,
alkoxyamino, hydrazino, substituted hydrazino,
heteroaryl, substituted heteroaryl, heteroaryloxy,
substituted heteroaryloxy, heteroarylthio, substituted
heteroarylthio, heterocyclic, substituted
heterocyclic, heterocyclyloxy, substituted
heterocyclyloxy, heterocyclylthio, substituted
heterocyclylthio, nitro, spirocycloalkyl, SO3H,
substituted sulfonyl, sulfonyloxy, thioacyl,
thiocyanate, thiol, alkylthio, and substituted
alkylthio, wherein said substituents are as defined
herein. [021] "Alkylidene" or "alkylene" refers to
divalent saturated aliphatic hydrocarbyl groups having
from 1 to 10 carbon atoms and, in some embodiments,
from 1 to 6 carbon atoms. "(Cu-V)alkylene" refers to
alkylene groups having from u to v carbon atoms. The
alkylidene and alkylene groups include branched and
straight chain hydrocarbyl groups. For example "(Ci-
6)alkylene" is meant to include methylene, ethylene,
propylene, 2-methypropylene, pentylene, and the like.
[022] "Substituted alkylidene" or "substituted
alkylene" refers to an alkylidene group having from 1
to 5 and, in some embodiments, 1to 3 or 1 or 2
substituents selected from alkoxy, substituted alkoxy,
acyl, acylamino, acyloxy, amino, substituted amino,
aminocarbonyl, aminothiocarbonyl, aminocarbonylamino,
aminothiocarbonylamino,
aminocarbonyloxy,aminosulfonyl, aminosulfonyloxy,
aminosulfonylamino, amidino, aryl, substituted aryl,
aryloxy, substituted aryloxy, arylthio, substituted
arylthio, azido, carboxyl, carboxyl ester, (carboxyl
ester)amino, (carboxyl ester)oxy, cyano, cycloalkyl,
substituted cycloalkyl, cycloalkyloxy, substituted
cycloalkyloxy, cycloalkylthio, substituted
cycloalkylthio, guanidino, substituted guanidino,
halo, hydroxy, hydroxyamino, alkoxyamino, hydrazino,
substituted hydrazino, heteroaryl, substituted
heteroaryl, heteroaryloxy, substituted heteroaryloxy,
heteroarylthio, substituted heteroarylthio,
heterocyclic, substituted heterocyclic,
heterocyclyloxy, substituted heterocyclyloxy,
heterocyclylthio, substituted heterocyclylthio, nitro,
oxo, thione, spirocycloalkyl, SO3H, substituted
sulfonyl, sulfonyloxy, thioacyl, thiocyanate, thiol,
alkylthio, and substituted alkylthio, wherein said
substituents are as defined herein. [023] "Alkenyl"
refers to a linear or branched hydrocarbyl group
having from 2 to 10 carbon atoms and in some
embodiments from 2 to 6 carbon atoms or 2 to 4 carbon
atoms and having at least 1 site of vinyl unsaturation
(>C=C<). For example, (Cx-Cy)alkenyl refers to alkenyl
groups having from x to y carbon atoms and is meant to
include for example, ethenyl, propenyl,
1,3-butadienyl, and the like. [024] "Substituted
alkenyl" refers to alkenyl groups having from 1 to 3
substituents and, in some embodiments, 1 or 2
substituents selected from alkoxy, substituted alkoxy,
acyl, acylamino, acyloxy, alkyl, substituted alkyl,
alkynyl, substituted alkynyl, amino, substituted
amino, aminocarbonyl, aminothiocarbonyl,
aminocarbonylamino, aminothiocarbonylamino,
aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy,
aminosulfonylamino, amidino, aryl, substituted aryl,
aryloxy, substituted aryloxy, arylthio, substituted
arylthio, carboxyl, carboxyl ester, (carboxyl
ester)amino, (carboxyl ester)oxy, cyano, cycloalkyl,
substituted cycloalkyl, cycloalkyloxy, substituted
cycloalkyloxy, cycloalkylthio, substituted
cycloalkylthio, guanidino, substituted guanidino,
halo, hydroxy, heteroaryl, substituted heteroaryl,
heteroaryloxy, substituted heteroaryloxy,
heteroarylthio, substituted heteroarylthio,
heterocyclic, substituted heterocyclic,
heterocyclyloxy, substituted heterocyclyloxy,
heterocyclylthio, substituted heterocyclylthio, nitro,
SO3H, substituted sulfonyl, sulfonyloxy, thioacyl,
thiol, alkylthio, and substituted alkylthio, wherein
said substituents are defined herein and with the
proviso that any hydroxy or thiol substitution is not
attached to a vinyl (unsaturated) carbon atom. [025]
"Alkynyl" refers to a linear monovalent hydrocarbon
radical or a branched monovalent hydrocarbon radical
containing at least one triple bond. The term
"alkynyl" is alsomeant to include those hydrocarbyl
groups having one triple bond and one double bond. For
example, (C2-C6)alkynyl is meant to include ethynyl,
propynyl, and the like. [026] "Substituted alkynyl"
refers to alkynyl groups having from 1 to 3
substituents and, in some embodiments, from 1 or 2
substituents selected from alkoxy, substituted alkoxy,
acyl, acylamino, acyloxy, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, amino, substituted
amino, aminocarbonyl, aminothiocarbonyl,
aminocarbonylamino, aminothiocarbonylamino,
aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy,
aminosulfonylamino, amidino, aryl, substituted aryl,
aryloxy, substituted aryloxy, arylthio, substituted
arylthio, carboxyl, carboxyl ester, (carboxyl
ester)amino, (carboxyl ester)oxy, cyano, cycloalkyl,
substituted cycloalkyl, cycloalkyloxy, substituted
cycloalkyloxy, cycloalkylthio, substituted
cycloalkylthio, guanidino, substituted guanidino,
halo, hydroxy, heteroaryl, substituted heteroaryl,
heteroaryloxy, substituted heteroaryloxy,
heteroarylthio, substituted heteroarylthio,
heterocyclic, substituted heterocyclic,
heterocyclyloxy, substituted heterocyclyloxy,
heterocyclylthio, substituted heterocyclylthio, nitro,
SO3H, substituted sulfonyl, sulfonyloxy, thioacyl,
thiol, alkylthio, and substituted alkylthio, wherein
said substituents are as defined herein and with the
proviso that any hydroxy or thiol substitution is not
attached to an acetylenic carbon atom. [027] "Alkoxy"
refers to the group -O-alkyl wherein alkyl is defined
herein. Alkoxy includes, by way of example, methoxy,
ethoxy, n-propoxy, isopropoxy, "-butoxy, -butoxy,
seobutoxy, and r-pentoxy. [028] "Substituted alkoxy"
refers to the group -O-(substituted alkyl) wherein
substituted alkyl is as defined herein. [029] "Acyl"
refers to the groups H-C(O)-, alkyl-C(O)-, substituted
alkyl-C(O)-, alkenyl-C(O)-, substituted alkenyl-C(O)-,
alkynyl-C(O)-, substituted alkynyl-C(O)-, 



cycloalkyl-C(O)-, substituted cycloalkyl-C(O)-,
aryl-C(O)-, substituted aryl-C(O)-, substituted
hydrazino-C(O)-, heteroaryl-C(O)-, substituted
heteroaryl-C(O)-, heterocyclic-C(O)-, and substituted
heterocyclic-C(O)-, wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, substituted hydrazino, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic are as defined herein. Acyl includes the
"acetyl" group CH3C(O)-. [030] "Acylamino" refers to
the groups -NR20C(O)alkyl, -NR20C(O)substituted alkyl,
-NR20C(O)cycloalkyl, -NR20C(O)substituted cycloalkyl,
-NR20C(O)alkenyl,-NR20C(O)substituted alkenyl,
-NR20C(O)alkynyl, -NR20C(O)substituted alkynyl,
-NR20C(O)aryl, -NR20C(O)substituted aryl,
-NR20C(O)heteroaryl, -NR20C(O)substituted heteroaryl,
-NR20C(O)heterocyclic, and -NR20C(O)substituted
heterocyclic wherein R20 is hydrogen or alkyl and
wherein alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic are as defined herein. [031]
"Acyloxy" refers to the groups alkyl-C(O)O-,
substituted alkyl-C(O)O-, alkenyl-C(0)O, substituted
alkenyl-C(0)O, alkynyl-C(O)O-, substituted
alkynyl-C(O)O-, aryl-C(O)O-, substituted aryl-C(O)O-,
cycloalkyl-C(O)O-, substituted cycloalkyl-C(O)O-,
heteroaryl-C(0)0-, substituted heteroaryl-C(O)O-,
heterocyclic-C(O)O-, and substituted
heterocyclic-C(O)O- wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic are as
defined herein. [032] "Amino" refers to the group
-NH2. [033] "Substituted amino" refers to the group
-NR2 1R22 where R2 1 and R22 are independently
selected from hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, heteroaryl, substituted
heteroaryl, heterocyclic, substituted heterocyclic,
-SO2-alkyl, -SO2-substituted alkyl, -SO2-alkenyl,
-SO2-substituted alkenyl, -SO2-cycloalkyl,
-SO2-substituted cylcoalkyl, -SO2-aryl,
-SO2-substituted aryl, -Sq 2-heteroaryl,
-SO2-substituted heteroaryl, -SO2-heterocyclic, and
-SO2-substituted heterocyclic and wherein R2 1 and R
are optionally joined together with the nitrogen bound
thereto to form a heterocyclic or substituted
heterocyclic group, provided that R ' and R22 are both
not hydrogen, and wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic are as
defined herein. When R is hydrogen and R22 is alkyl,
the substituted amino group is sometimes referred to
herein as alkylamino. When R2 1 and R22 are alkyl, the
substituted amino group is sometimes referred to
herein as dialkylamino. When referring to a
monosubstituted amino, it is meant that either R2 1 or
R22 is hydrogen but not both. When referring to a
disubstituted amino, it is meant that neither R2 1 nor
R22 are hydrogen. [034] "Hydroxyamino" refers to the
group -NHOH.[035] "Alkoxyamino" refers to the group
-NHO-alkyl wherein alkyl is defined herein. [036]
"Aminocarbonyl" refers to the group -C(O)NR23R24 where
R23 and R24 are independently selected from hydrogen,
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic, hydroxy, alkoxy, substituted
alkoxy, amino, substituted amino, and acylamino, and
where R23 and R24 are optionally joined together with
the nitrogen bound thereto to form a heterocyclic or
substituted heterocyclic group, and wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic are as defined herein. [037]
"Aminothiocarbonyl" refers to the group -C(S)NR23R24
where R23 and R24 are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic and where
R23 and R24 are optionally joined together with the
nitrogen bound thereto to form a heterocyclic or
substituted heterocyclic group, and wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic are as defined herein. [038]
"Aminocarbonylamino" refers to the group
-NR20C(O)NR23R24 where R20 is hydrogen or alkyl and
R23 and R24 are independently selected from hydrogen,
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic and where R23 and R24 are
optionally joined together with the nitrogen bound
thereto to form a heterocyclic or substituted
heterocyclic group, and wherein alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic are as defined herein. [039]
"Aminothiocarbonylamino" refers to the group
-NR20C(S)NR23R24 where R20 is hydrogen or alkyl and
R23 and R24 are independently selected from hydrogen,
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocyclic, and
substitutedheterocyclic and where R23 and R24 are
optionally joined together with the nitrogen bound
thereto to form a heterocyclic or substituted
heterocyclic group, and wherein alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic are as defined herein. [040]
"Aminocarbonyloxy" refers to the group -0-C(O)NR 23R24
where R23 and R24 are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic and where
R23 and R24 are optionally joined together with the
nitrogen bound thereto to form a heterocyclic or
substituted heterocyclic group, and wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, 



substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic are as defined herein. [041]
"Aminosulfonyl" refers to the group -SO2NR23R24 where
R23 and R24 are independently selected from hydrogen,
alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic and where R23 and R24 are
optionally joined together with the nitrogen bound
thereto to form a heterocyclic or substituted
heterocyclic group, and wherein alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic are as defined herein. [042]
"Aminosulfonyloxy" refers to the group -0-SO 2NR23R24
where R23 and R24 are independently selected from
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic and where
R23 and R24 are optionally joined together with the
nitrogen bound thereto to form a heterocyclic or
substituted heterocyclic group, and wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic are as defined herein. [043]
"Aminosulfonylamino" refers to the group
-NR20-SO2NR23R24 where R20 is hydrogen or alkyl and
R23 and R24 are independently selected from hydrogen,
alkyl, substituted alkyl,alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic and where R23 and R24 are optionally
joined together with the nitrogen bound thereto to
form a heterocyclic or substituted heterocyclic group,
and wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, substituted cycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic are as
defined herein. [044] "Amidino" refers to the group
-C(=NR25)NR23R24 where R25, R23, and R24 are
independently selected from hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic and where R23 and R24 are optionally
joined together with the nitrogen bound thereto to
form a heterocyclic or substituted heterocyclic group,
and wherein alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, substituted cycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic are as
defined herein. [045] "Aryl" or "Ar" refers to an
aromatic group of from 6 to 14 carbon atoms and no
ring heteroatoms and having a single ring (e.g.,
phenyl) or multiple condensed (fused) rings (e.g.,
naphthyl or anthryl). For multiple ring systems,
including fused, bridged, and spiro ring systems
having aromatic and non-aromatic rings that have no
ring heteroatoms, the term "Aryl" or "Ar" applies when
the point of attachment is at an aromatic carbon atom
(e.g., 5,6,7,8 tetrahydronaphthalene-2-yl is an aryl
group as its point of attachment is at the 2-position
of the aromatic phenyl ring). [046] "Substituted aryl"
refers to aryl groups which are substituted with 1 to
8 and, in some embodiments, 1 to 5, 1 to 3, or 1 or 2
substituents selected from alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, alkoxy, substituted alkoxy, acyl, acylamino,
acyloxy, amino, substituted amino, aminocarbonyl,
aminothiocarbonyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy,
aminosulfonyl, aminosulfonyloxy, aminosulfonylamino,
amidino, aryl, substituted aryl, aryloxy, substituted
aryloxy, arylthio, substituted arylthio, azido,
carboxyl, carboxyl ester, (carboxyl ester)amino,
(carboxyl ester)oxy, cyano, cycloalkyl, substituted
cycloalkyl, cycloalkyloxy, substituted cycloalkyloxy,
cycloalkylthio, substituted cycloalkylthio, guanidino,
substituted guanidino, halo, hydroxy,hydroxyamino,
alkoxyamino, hydrazino, substituted hydrazino,
heteroaryl, substituted heteroaryl, heteroaryloxy,
substituted heteroaryloxy, heteroarylthio, substituted
heteroarylthio, heterocyclic, substituted
heterocyclic, heterocyclyloxy, substituted
heterocyclyloxy, heterocyclylthio, substituted
heterocyclylthio, nitro, SO3H, substituted sulfonyl,
sulfonyloxy, thioacyl, thiocyanate, thiol, alkylthio,
and substituted alkylthio, wherein said substituents
are defined herein. [047] "Aryloxy" refers to the
group -O-aryl, where aryl is as defined herein, that
includes, by way of example, phenoxy and naphthyloxy.
[048] "Substituted aryloxy" refers to the group
-O-(substituted aryl) where substituted aryl is as
defined herein. [049] "Arylthio" refers to the group
-S-aryl, where aryl is as defined herein. [050]
"Substituted arylthio" refers to the group
-S-(substituted aryl), where substituted aryl is as
defined herein. [051] "Azido" refers to the group -N3.
[052] "Hydrazino" refers to the group -NHNH2. [053]
"Substituted hydrazino" refers to the group
-NR26NR27R28 where R26, R27, and R28 are independently
selected from hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, aryl, substituted aryl, carboxyl ester,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted
heterocyclic, -SO2-alkyl, -SO2-substituted alkyl,
-SO2-alkenyl, -SO2-substituted alkenyl,
-SO2-cycloalkyl, -SO2-substituted cylcoalkyl,
-SCVaryl, -SO2-substituted aryl, -SO2-heteroaryl,
-SO2-substituted heteroaryl, -SO2-heterocyclic, and
-SO2-substituted heterocyclic and wherein R27 and R28
are optionally joined, together with the nitrogen
bound thereto to form a heterocyclic or substituted
heterocyclic group, provided that R27 and R28 are both
not hydrogen, and wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic are as
defined herein. [054] "Cyano" or "carbonitrile" refers
to the group -CN. [055] "Carbonyl" refers to the
divalent group -C(O)- which is equivalent to -C(=O)-. 



[056] "Carboxyl" or "carboxy" refers to -COOH or salts
thereof. [057] "Carboxyl ester" or "carboxy ester"
refers to the groups -C(O)O-alkyl,-C(O)O-substituted
alkyl, -C(O)O-alkenyl, -C(O)O-substituted alkenyl,
-C(O)O-alkynyl, -C(O)O-substituted alkynyl,
-C(O)O-aryl, -C(O)O-substituted aryl,
-C(O)O-cycloalkyl, -C(O)O-substituted cycloalkyl,
-C(O)O-heteroaryl, -C(O)O-substituted heteroaryl,
-C(O)O-heterocyclic, and -C(O)O-substituted
heterocyclic wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic are as
defined herein. [058] "(Carboxyl ester)amino" refers
to the group -NR20-C(O)O-alkyl,
-NR20-C(O)O-substituted alkyl, -NR20-C(O)O-alkenyl,
-NR20-C(O)O-substituted alkenyl, -NR20-C(O)O-alkynyl,
-NR20-C(O)O-substituted alkynyl, -NR20-C(O)O-aryl,
-NR20-C(O)O-substituted aryl, -NR20-C(O)O-cycloalkyl,
-NR20-C(O)O-substituted cycloalkyl,
-NR20-C(O)O-heteroaryl, -NR20-C(O)O-substituted
heteroaryl, -NR20-C(O)O-heterocyclic, and
-NR20-C(O)O-substituted heterocyclic wherein R20 is
alkyl or hydrogen, and wherein alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic are as defined herein. [059] "(Carboxyl
este xy" refers to the group -O-C(O)O-alkyl,
-O-C(O)O-substituted alkyl, -O-C(O)O-alkenyl,
-O-C(O)O-substituted alkenyl, -O-C(O)O-alkynyl,
-O-C(O)O-substituted alkynyl, -O-C(O)O-aryl,
-O-C(O)O-substituted aryl, -O-C(O)O-cycloalkyl,
-O-C(O)O-substituted cycloalkyl, -O-C(O)O-heteroaryl,
-O-C(O)O-substituted heteroaryl,
-O-C(O)O-heterocyclic, and -O-C(O)O-substituted
heterocyclic wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic are as
defined herein. [060] "Cycloalkyl" refers to a
saturated or partially saturated cyclic group of from
3 to 14 carbon atoms and no ring heteroatoms and
having a single ring or multiple rings including
fused, bridged, and spiro ring systems. For multiple
ring systems having aromatic and non-aromatic rings
that have no ring heteroatoms, the term "cycloalkyl"
applies when the point of attachment is at a
non-aromatic carbon atom (e.g.
5,6,7,8,-tetrahydronaphthalene-5-yl). The term
"Cycloalkyl" includes cycloalkenyl groups. Examples of
cycloalkyl groups include, for instance, adamantyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl, and
cyclohexenyl. "Cu-Vcycloalkyl"refers to cycloalkyl
groups having u to v carbon atoms. [061]
"Cycloalkenyl" refers to a partially saturated
cycloalkyl ring having at least one site of >C=C< ring
unsaturation. [062] "Cycloalkylene" refer to divalent
cycloalkyl groups as defined herein. Examples of
cycloalkyl groups include those having three to six
carbon ring atoms such as cyclopropylene,
cyclobutylene, cyclopentylene, and cyclohexylene.
[063] "Substituted cycloalkyl" refers to a cycloalkyl
group, as defined herein, having from 1 to 8, or 1 to
5, or in some embodiments 1 to 3 substituents selected
from oxo, thione, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
alkoxy, substituted alkoxy, acyl, acylamino, acyloxy,
amino, substituted amino, aminocarbonyl,
aminothiocarbonyl, aminocarbonylamino,
aminothiocarbonylamino, aminocarbonyloxy,
aminosulfonyl, aminosulfonyloxy, aminosulfonylamino,
amidino, aryl, substituted aryl, aryloxy, substituted
aryloxy, arylthio, substituted arylthio, azido,
carboxyl, carboxyl ester, (carboxyl ester)amino,
(carboxyl ester)oxy, cyano, cycloalkyl, substituted
cycloalkyl, cycloalkyloxy, substituted cycloalkyloxy,
cycloalkylthio, substituted cycloalkylthio, guanidino,
substituted guanidino, halo, hydroxy, hydroxyamino,
alkoxyamino, hydrazino, substituted hydrazino,
heteroaryl, substituted heteroaryl, heteroaryloxy,
substituted heteroaryloxy, heteroarylthio, substituted
heteroarylthio, heterocyclic, substituted
heterocyclic, heterocyclyloxy, substituted
heterocyclyloxy, heterocyclylthio, substituted
heterocyclylthio, nitro, SO3H, substituted sulfonyl,
sulfonyloxy, thioacyl, thiocyanate, thiol, alkylthio,
and substituted alkylthio, wherein said substituents
are as defined herein. The term "substituted
cycloalkyl" includes substituted cycloalkenyl groups.
[064] "Cycloalkyloxy" refers to -O-cycloalkyl wherein
cycloalkyl is as defined herein. [065] "Substituted
cycloalkyloxy refers to -O-(substituted cycloalkyl)
wherein substituted cycloalkyl is as defined herein.
[066] "Cycloalkylthio" refers to -S-cycloalkyl wherein
cycloalkyl is as defined herein. [067] "Substituted
cycloalkylthio" refers to -S-(substituted cycloalkyl).
[068] "Guanidino" refers to the group -NHC(=NH)NH2.
[069] "Substituted guanidino" refers to
-NR29C(=NR29)N(R29)2 where each R29 is independently
selected from hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclyl, and substituted heterocyclyl
and two R29 groups attached to a common guanidino
nitrogen atom are optionally joined together with the
nitrogen boundthereto to form a heterocyclic or
substituted heterocyclic group, provided that at least
one R29 is not hydrogen, and wherein said substituents
are as defined herein. [070] "Halo" or "halogen"
refers to fluoro, chloro, bromo, and iodo. [071]
"Haloalkyl" refers to substitution of alky1groups with
1 to 5 or in some embodiments 1 to 3 halo groups.
[072] "Haloalkoxy" refers to substitution of alkoxy
groups with 1 to 5 or in some embodiments 1 to 3 halo
groups. [073] "Hydroxy" or "hydroxyl" refers to the
group -OH. [074] "Heteroaryl" refers to an aromatic
group of from 1 to 14 carbon atoms and 1 to 6
heteroatoms selected from oxygen, nitrogen, and sulfur
and includes single ring (e.g. imidazolyl) and
multiple ring systems (e.g. benzimidazol-2-yl and
benzimidazol-6-yl). For multiple ring systems,
including fused, bridged, and spiro ring systems
having aromatic and non-aromatic rings, the term
"heteroaryl" applies if there is at least one ring
heteroatom and the point of attachment is at an atom
of an aromatic ring (e.g.
l,2,3,4-tetrahydroquinolin-6-yl and 5,6,7,8-
tetrahydroquinolin-3-yl). In one embodiment, the
carbon, nitrogen and/or the sulfur ring atom(s) of the
heteroaryl group are optionally oxidized to provide
for the C=O, N-oxide (N O), sulfinyl, or sulfonyl
moieties. More specifically the term heteroaryl
includes, but is not limited 



to, pyridyl, furanyl, thienyl, thiazolyl,
isothiazolyl, triazolyl, imidazolyl, isoxazolyl,
pyrrolyl, pyrazolyl, pyridazinyl, pyrimidinyl,
benzofuranyl, tetrahydrobenzofuranyl, isobenzofuranyl,
benzothiazolyl, benzoisothiazolyl, benzotriazolyl,
indolyl, isoindolyl, benzoxazolyl, quinolyl,
tetrahydroquinolinyl, isoquinolyl, quinazolinonyl,
benzimidazolyl, benzisoxazolyl, or benzothienyl. [075]
"Substituted heteroaryl" refers to heteroaryl groups
that are substituted with from 1 to 8 or in some
embodiments 1 to 5, or 1 to 3, or 1 or 2 substituents
selected from the substituents defined for substituted
aryl. [076] "Heteroaryloxy" refers to -O-heteroaryl
wherein heteroaryl is as defined herein. [077]
"Substituted heteroaryloxy refers to the group
-O-(substituted heteroaryl) wherein substituted
heteroaryl is as defined herein. [078]
"Heteroarylthio" refers to the group -S-heteroaryl
wherein heteroaryl is as defined herein. [079]
"Substituted heteroarylthio" refers to the group
-S-(substituted heteroaryl) whereinsubstituted
heteroaryl is as defined herein. [080] "Aromatic"
indicates that each of ring atoms is essentially in
the same plane and has a p-orbital perpendicular to
the ring plane, and in which (4n+2) p electrons, when
n is 0 or a positive integer, are associated with the
ring to comply with Huckel's rule. Aromatic ring
systems may be depicted as a circle, which represents
the (4n+2) p electrons, enclosed by an outer cyclic
structure, such as, a hexagon or pentagon. For
example, each of the rings in the compound of Formula
1 is aromatic. [081] "Heterocyclic" or "heterocycle"
or "heterocycloalkyl" or "heterocyclyl" refers to a
saturated or partially saturated cyclic group having
from 1 to 14 carbon atoms and from 1to 6 heteroatoms
selected from nitrogen, sulfur, phosphorus or oxygen
and includes single ring and multiple ring systems
including fused, bridged, and spiro ring systems. For
multiple ring systems having aromatic and/or
non-aromatic rings, the terms "heterocyclic",
"heterocycle", "heterocycloalkyl", or "heterocyclyl"
apply when there is at least one ring heteroatom and
the point of attachment is at an atom of a
non-aromatic ring (e.g.
l,2,3,4-tetrahydroquinoline-3-yl,
5,6,7,8-tetrahydroquinoline-6-yl, and
decahydroquinolin-6-yl). In one embodiment, the
nitrogen, phosphorus and/or sulfur atom(s) of the
heterocyclic group are optionally oxidized to provide
for the N-oxide, phosphinane oxide, sulfinyl, sulfonyl
moieties. More specifically the heterocyclyl includes,
but is not limited to, tetrahydropyranyl, piperidinyl,
N-methylpiperidin-3-yl, piperazinyl,
N-methylpyrrolidin-3-yl, 3-pyrrolidinyl,
2-pyrrolidon-l-yl, morpholinyl, and pyrrolidinyl. A
prefix indicating the number of carbon atoms (e.g., C
-Ci0) refers to the total number of carbon atoms in
the portion of the heterocyclyl group exclusive of the
number of heteroatoms. [082] "Substituted
heterocyclic" or "Substituted heterocycle" or
"substituted heterocycloalkyl" or "substituted
heterocyclyl" refers to heterocyclic groups, as
defined herein, that are substituted with from 1 to 5
or in some embodiments 1 to 3 of the substituents as
defined for substituted cycloalkyl. [083]
"Heterocyclyloxy" refers to the group -O-heterocycyl
wherein heterocyclyl is as defined herein. [084]
"Substituted heterocyclyloxy" refers to the group
-O-(substituted heterocycyl) wherein substituted
heterocyclyl is as defined herein. [085]
"Heterocyclylthio" refers to the group -S-heterocycyl
wherein heterocyclyl is asdefined herein. [086]
"Substituted heterocyclylthio" refers to the group
-S-(substituted heterocycyl) wherein substituted
heterocyclyl is as defined herein. [087] Examples of
heterocycle and heteroaryl groups include, but are not
limited to, azetidine, pyrrole, imidazole, pyrazole,
pyridine, pyrazine, pyrimidine, pyridazine, pyridone,
indolizine, isoindole, indole, dihydroindole,
indazole, purine, quinolizine, isoquinoline,
quinoline, phthalazine, naphthylpyridine, quinoxaline,
quinazoline, cinnoline, pteridine, carbazole,
carboline, phenanthridine, acridine, phenanthroline,
isothiazole, phenazine, isoxazole, phenoxazine,
phenothiazine, imidazolidine, imidazoline, piperidine,
piperazine, indoline, phthalimide,
1,2,3,4-tetrahydroisoquinoline,
4,5,6,7-tetrahydrobenzo[b]thiophene, thiazole,
thiazolidine, thiophene, benzo[b]thiophene,
morpholine, thiomorpholine (also referred to as
thiamorpholine), 1,1-dioxothiomorpholine, piperidine,
pyrrolidine, and tetrahydrofuran. [088] "Nitro" refers
to the group -NO2. [089] "Oxo" refers to the atom
(=0). [090] "Oxide" refers to products resulting from
the oxidation of one or more heteroatoms. Examples
include N-oxides, sulfoxides, and sulfones. [091]
"Spirocycloalkyl" refers to a 3 to 10 member cyclic
substituent formed by replacement of two hydrogen
atoms at a common carbon atom with an alkylene group
having 2 to 9 carbon atoms, as exemplified by the
following structure wherein the methylene group shown
here attached to bonds marked with wavy lines is
substituted with a spirocycloalkyl group: [092]
"Sulfonyl" refers to the divalent group -S(O)2- .
[093] "Substituted sulfonyl" refers to the group
-SO2-alkyl, -SO2-substituted alkyl, -SO2-alkenyl,
-SO2-substituted alkenyl, -SO2-alkynyl,
-SO2-substituted alkynyl, -SO2-cycloalkyl,
-SO2-substituted cylcoalkyl, -Sq 2-aryl,
-SO2-substituted aryl, -SO2-heteroaryl,
-SO2-substituted heteroaryl, -SO2-heterocyclic,
-SO2-substituted heterocyclic, wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted
heterocyclic are as defined herein. Substituted
sulfonyl includes groups such as methyl-SO2-,
phenyl-SO2-, and4-methylphenyl-SO2- . [094]
"Sulfonyloxy" refers to the group -OSO2-alkyl,
-OSO2-substituted alkyl, -OSO2-alkenyl,
-OSO2-substituted alkenyl, -OSO2-cycloalkyl,
-OSO2-substituted cylcoalkyl, -OSO2-aryl,
-OSO2-substituted aryl, -OSO2-heteroaryl,
-OSO2-substituted heteroaryl, -OSO2-heterocyclic,
-OSO2-substituted heterocyclic, wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted
heterocyclic are as defined herein. 



[095] "Thioacyl" refers to the groups H-C(S)-,
alkyl-C(S)-, substituted alkyl-C(S)-, alkenyl-C(S)-,
substituted alkenyl-C(S)-, alkynyl-C(S)-, substituted
alkynyl-C(S)-, cycloalkyl-C(S)-, substituted
cycloalkyl-C(S)-, aryl-C(S)-, substituted aryl-C(S)-,
heteroaryl-C(S)-, substituted heteroaryl-C(S)-,
heterocyclic-C(S)-, and substituted
heterocyclic-C(S)-, wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic are as
defined herein. [096] "Thiol" refers to the group -SH.
[097] "Alkylthio" refers to the group -S-alkyl wherein
alkyl is as defined herein. [098] "Substituted
alkylthio" refers to the group -S-(substituted alkyl)
wherein substituted alkyl is as defined herein. [099]
Thiocarbonyl" refers to the divalent group -C(S)-
which is equivalent to -C(=S)-. [01 00] "Thione"
refers to the atom (=S). [0101] "Thiocyanate" refers
to the group -SCN. [0102] "Compound" and "compounds"
as used herein refers to a compound encompassed by the
generic formulae disclosed herein, any subgenus of
those generic formulae, and any forms of the compounds
within the generic and subgeneric formulae, including
the racemates, stereoisomers, and tautomers of the
compound or compounds. [01 03] "Racemates" refers to a
mixture of enantiomers. [0104] "Solvate" or "solvates"
of a compound refer to those compounds, where
compounds is as defined above, that are bound to a
stoichiometric or non-stoichiometric amount of a
solvent. Solvates of a compound includes solvates of
all forms of the compound. In certaine mbodiments,
solvents are volatile, non-toxic, and/or acceptable
for administration to humans intrace amounts. Suitable
solvates include water. [01 05] "Stereoisomer" or
"stereoisomers" refer to compounds that differ in the
chirality of one or more stereocenters. Stereoisomers
include enantiomers and diastereomers. [01 06]
"Tautomer" refer to alternate forms of a compound that
differ in the position of a proton, such as enol-keto
and imine-enamine tautomers, or the tautomeric forms
of heteroaryl groups containing a ring atom attached
to both a ring -NH- moiety and a ring =N- moiety such
as pyrazoles, imidazoles, benzimidazoles, triazoles,
and tetrazoles. [0107] "Pharmaceutically acceptable
salt" refers to pharmaceutically acceptable salts
derived from a variety of organic and inorganic
counter ions well known in the art and include, by way
of example only, sodium, potassium, calcium,
magnesium, ammonium, and tetraalkylammonium, and when
the molecule contains a basic functionality, salts of
organic or inorganic acids, such as hydrochloride,
hydrobromide, tartrate, mesylate, acetate, maleate,
and oxalate. Suitable salts include those described in
P. Heinrich Stahl, Camille G. Wermuth (Eds.), Handbook
of Pharmaceutical Salts Properties, Selection, and
Use; 2002. [01 08] "Patient" refers to mammals and
includes humans and non-human mammals. [0109]
"Treating" or "treatment" of a disease in a patient
refers to 1) preventing the disease from occurring in
a patient that is predisposed or does not yet display
symptoms of the disease; 2) inhibiting the disease or
arresting its development; or 3) ameliorating or
causing regression of the disease. [01 10] Unless
indicated otherwise, the nomenclature of substituents
that are not explicitly defined herein are arrived at
by naming the terminal portion of the functionality
followed by the adjacent functionality toward the
point of attachment. For example, the substituent
"arylalkyloxycabonyl" refers to the group
(aryl)-(alkyl)-O-C(O)-. [01 11] It is understood that
in all substituted groups defined above, polymers
arrived at by defining substituents with further
substituents to themselves (e.g., substituted aryl
having a substituted aryl group as a substituent which
is itself substituted with a substituted aryl group,
which is further substituted by a substituted aryl
group etc.) are not intended for inclusion herein. In
such cases, the maximum number of such substitutions
is three. For example, serial substitutions of
substituted aryl groups with two other substituted
aryl groups are limited to -substituted
aryl-(substituted aryl)-substituted aryl. [01 12]
Similarly, it is understood that the above definitions
are not intended to includeimpermissible substitution
patterns (e.g., methyl substituted with 5 fluoro
groups). Such impermissible substitution patterns are
well known to the skilled artisan. [01 13] Provided is
at least one chemical entity selected from compounds
of Formula 1: Formula 1 and pharmaceutically
acceptable salts thereof, wherein W1 is selected from
CR1 and NR1; W3 is selected from CR3 and NR3; W4 is
selected from CR4 and N; W6 is selected from CR6 and
N; W is selected from C and N; W9 is selected from C
and N; R1 is absent or is selected from hydrogen,
halogen, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted cycloalkyl, optionally
substituted amino, optionally substituted
heterocycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, -OR15 , -SR15 ,
-S(O)R16 , -S(O)2R16, -S(O)2NR10R1 1, -NR10R1 1, -NR1
1C(O)NR 10R", -NR1 1C(S)NR10R1 1, -NR1 1S(O)2R14 -NR1
1C(O)OR13 , -NR1 1C(O)R12 , -C(NR1 NR10R1 1,
-C(O)NR10R1 1, -C(O)OR13 , -CN, -NO2, and -C(O)R12 ;
R2 is selected from halogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15 ,
-SR15, -S(O)R16, -S(O)2R16, -S(O)2NR10R1 1, -NR10R1 1,
-NR1 1C(O)NR10R11, -NR1 1C(S)NR10R1 1, -NR1 1S(O)2R14
-NR1 1C(O)OR13 , -NR1 1C(O)R 12 , -C(NR1 NR10R1 1,
-C(O)NR10R1 1, -C(O)OR13 , -CN, -NO2, and -C(O)R12 ;
R3 is absent or is selected from hydrogen, halogen,
optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted cycloalkyl,optionally substituted amino,
optionally substituted heterocycloalkyl, optionally
substituted aryl, optionally substituted heteroaryl,
-OR15 , -SR15 , -S(O)R16 , -S(O)2R16 , -S(O)2NR10R1 1,
-NR10R1 1, 



-NR1 1C(O)NR10R1 1, -NR1 1C(S)NR10R", -NR1 1S(O)2R14
-NR1 1C(O)OR 13 , -NR1 1C(O)R12 , -C(NR1 NR10R",
-C(O)NR 10R", -C(O)OR13 , -CN, -NO2, and -C(O)R 12 ; R
is selected from hydrogen, halogen, optionally
substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15 , -SR15
, -S(O)R16 , -S(O)2R16, -S(O)2NR10R1 1, -NR10R1 1,
-NR1 1C(O)NR10R1 1, -NR1 1C(S)NR10R1 1, -NR11S(O)2R14
-NR1 1C(O)OR13 , -NR1 1C(O)R 12 , -C(NR11 NR10R1 1,
-C(O)NR10R", -C(O)OR 13 , -CN, -NO2, and -C(O)R12; R5
is selected from halogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15 , -SR15
, -S(O)R16 , -S(O)2R16, -S(O)2NR10R1 1 , -NR10R1 1,
-NR1 1C(O)NR10R1 1, -NR1 1C(S)NR10R", -NR1 1S(O)2R14
-NR1 1C(O)OR13 , -NR1 1C(O)R 12 , -C(NR11 NR10R1 1,
-C(O)NR10R", -C(O)OR 13 , -CN, -NO2, and -C(O)R12 ; R6
is selected from hydrogen, halogen, optionally
substituted alkyl, optionally substituted alkenyl,
optionally substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15 , -SR15
, -S(O)R16, -S(O)2R16 , -S(O)2NR10R1 1, -NR10R1 1,
-NR1 1C(O)NR10R1 1, -NR1 1C(S)NR10R", -NR1 1S(O)2R14
-NR1 1C(O)OR13 , -NR1 1C(O)R 12, -C(NR11JNR10R1 1,
-C(O)NR10R1 1, -C(O)OR 13 , -CN, -NO2, and -C(O)R12 ;
R7 is selected from halogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted
cycloalkyl, optionally substituted amino, optionally
substituted heterocycloalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -OR15, -SR15,
-S(O)R16, -S(O)2R16 , -S(O)2NR10R1 1, -NR10R1 1, -NR1
1C(O)NR10R1 1, -NR1 1C(S)NR10R", -NR1 1S(O)2R14 -NR1
1C(O)OR13 , -NR1 1C(O)R 12, -C(NR11JNR10R1 1,
-C(O)NR10R", -C(O)OR 13 , -CN, -NO2, and -C(O)R12 ;
R10 and R1 1 are independently selected from hydrogen,
optionally substituted alkyl, optionally substituted
amino, optionally substituted alkoxy, optionally
substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl, and
optionally substitutedheteroaryl, or R10 and R1' ,
taken together with any intervening atoms, form a ring
system selected from optionally substituted
heterocycloalkyl, and optionally substituted
heteroaryl; R12 is selected from hydrogen, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; R13 is selected from hydrogen, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; R14 is selected from optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; R15 is selected from hydrogen, optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; and R16 is selected from optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; provided that if W1 is NR1 and W3 is NR3,
then R3 is absent; if W3 is NR3 and W1 is NR1, then R1
is absent; at least one of W1, W3, W8, and W9 is N; no
more than four of W1,W3,W4, W6,W8, and W9 are N; and
if W1 is N, W4 is N, and W6 is CR6, then W8 is not N;
and further provided that the compound of Formula 1 is
not (5-(5-chlorothiophen-2-y
l)-7-(trifluoromethyl)pyrazolo [1,5- ]pyridin-2-yl)(3
-(3 ,4-
dimethoxyphenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-l
H-pyrazol-l-yl)methanone;
(5-(5-chlorothiophen-2-yl)-7-(trifluoromethyl)pyrazolo
[l,5- ]pyridin-2-yl)(3-(2,5-
dimethylphenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-l
H-pyrazol-l-yl)methanone; or
(5-(5-chlorothiophen-2-yl)-7-(trifluoromethyl)pyrazolo
[l,5- a]pyridin-2-yl)(3-(3,4-
dichlorophenyl)-5-(2-hydroxyphenyl)-4,5-dihydro-l
H-pyrazol-l-yl)methanone. [01 14] In some embodiments,
the compound of Formula 1 is selected from the
followingcompounds:[01 15] In some embodiments, the
compound of Formula 1 is selected from the following
compounds: [01 16] In some embodiments, the compound
of Formula 1 is selected from the following
compounds:[01 17] In some embodiments, the compound of
Formula 1 is selected from the following compounds:
[01 18] In some embodiments, the compound of Formula 1
is selected from the following compounds: [01 19] In
some embodiments, the compound of Formula 1 is [01 20]
In some embodiments, R2 is selected from optionally
substituted alkyl, -NR1 1S(O)2R14 , -NR1 1C(O)NR10R1
1, -NR1 1C(O)OR13 -C(O)NR10R1 1, and -C(O)OR13 .[01
21] In some embodiments, R2 is lower alkyl substituted
with -NR10R1 where R10 and R1' are as described
herein. In some embodiments, R2 is -CH2-NR10R1' ,
where R10 and R1' are as described herein. [0122] In
some embodiments, R2 is lower alkyl substituted with
-NR10R1' and R10 and R1 1, together with any
intervening atoms, form an optionally substituted
heterocycloalkyl, as described herein. In some
embodiments, R2 is -CH2-NR10R1 1 and R10 and R1 1,
together with any intervening atoms, form an
optionally substituted heterocycloalkyl, as described
herein. [01 23] In some embodiments, R2 is lower alkyl
substituted with -C(O)NR10R1 , where R10 and R1 1 are
as described herein. In some embodiments, R2 is
-CH2-C(O)NR 10R1 1, where R10 and R11are as described
herein. [0124] In some embodiments, R2 is -C(O)NR10R1
1. 



[0125] In some embodiments, R1 is selected from lower
alkyl and hydrogen. In some embodiments, R10 is
selected from optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted
heterocycloalkyl, and optionally substituted aryl. In
some embodiments, R10 is -(CR17R18)nR19 , wherein R17
and R18are independently selected from hydrogen,
carboxy, optionally substituted aminocarbonyl, lower
carboxy ester, and lower alkyl; n is 0, 1 or 2; and
R19 is chosen from optionally substituted aryl and
optionally substituted heteroaryl. In some
embodiments, R10 is benzyl, thiophen-2-yl-ethyl,
thiophen-3-yl-methyl, furan-2-yl-methyl, and
furan-3-yl-methyl, each of which is optionally
substituted. In some embodiments, R1 1 is selected
from lower alkyl and hydrogen. [01 26] In some
embodiments, R10 and R1', together with any
intervening atoms, form an optionally substituted
heterocycloalkyl. In some embodiments, R10 and R1 1,
together with any intervening atoms, form a
substituted 3- to 7-membered nitrogen containing
heterocycloalkyl which optionally further includes one
or two additional heteroatoms chosen from N, O, S,
S(O), S(O)2, and P(O), wherein said 3- to 7-membered
nitrogen containing heterocycloalkyl is substituted
with a group -Y-R30 and optionally substituted with a
second group R3 1, wherein Y is a bond or is selected
from -NR10-, -NR1 1SO2-, -O-, -S-, -C(O)NR10 -, and
-S(O)2R10-; R30 is selected from optionally
substituted alkyl, optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; andR3 1 is selected from halogen,
optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally
substituted alkoxy, -OH, -SH, -NO2, -NR10R1 1,
-C(O)NR10R1 1, -C(O)OR 13 , -SO2NR10R", -NR1 1C(S)NR
10R1 1, -NR1 1C(O)NR10R1 1, -CN, -NR1 1SO2R14 , and
-NR1 1CO2R13 . [0127] In some embodiments, R1 and R1
1, together with any intervening atoms, form a
substituted 3- to 7-membered nitrogen containing
heterocycloalkyl which optionally further includes one
or two additional heteroatoms chosen from N, O, S,
S(O), S(O)2, and P(O), wherein said 3- to 7-membered
nitrogen containing heterocycloalkyl is substituted
with a group -Y-R30 and optionally substituted with a
second group R3 1, wherein Y is a bond or is selected
from -0-, -S-, -C(O)NR10-, and -S(O)2R10-; R30 is
selected from optionally substituted cycloalkyl,
optionally substituted heterocycloalkyl, optionally
substituted aryl, and optionally substituted
heteroaryl; and R3 1 is selected from halogen,
optionally substituted alkyl, optionally substituted
alkenyl, optionally substituted alkynyl, optionally
substituted cycloalkyl, optionally substituted
heterocycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally
substituted alkoxy, -NO2, -NR10R1 1, -C(O)NR10R1 1,
-C(O)OR13 , -SO2NR10R1 1, -NR1 1C(S)NR10R1 1, -NR1
1C(O)NR10R1 1, -CN, -NR1 1SO2R14 , and -NR1 1CO2R13 .
[0128] In some embodiments, Y is a bond or is selected
from -NR10- and -0-. In some embodiments, Y is a bond
or is -0-. In some embodiments, Y is a bond. [0129] In
some embodiments, R30 is selected from optionally
substituted aryl and optionally substituted
heteroaryl. In some embodiments, R3 is selected from
phenyl, thiophen-2-yl, thiophen-3-yl, furan-2-yl,
furan-3-yl, thiazol-2-yl, thiazol-4-yl, thiazol-5-yl,
pyrazol-4-yl, imidazol-4-yl, and imidazol-2-yl. In
some embodiments, R30 is selected from phenyl,
thiophen- 2-yl, thiophen-3-yl, furan-2-yl, and
furan-3-yl. In some embodiments, R is phenyl. In some
embodiments, R30 is optionally substituted alkyl. In
some embodiments, R30 is optionally substituted lower
alkyl. In some embodiments, R30 is lower alkyl. In
some embodiments, R3 is methyl. [01 30] In some
embodiments, R2 is -C(O)NR10R1' and R10 and R1
together with any intervening atoms, form a
pyrrolidinyl, piperidinyl, piperazinyl,
5,6-dihydropyridin-l(2H)-yl,
4,5-dihydro-lH-pyrazol-l-yl,
2,5-dihydro-lH-pyrrol-l-yl, or azetidinyl ring,
wherein said ring issubstituted with a group -Y-R30
and optionally substituted with a second group R3 1 as
described above. [01 31] In some embodiments, R2 is
lower alkyl substituted with -C(O)NR10R1' and R10 and
R , together with any intervening atoms, form a
pyrrolidinyl, piperidinyl, piperazinyl, 5,6-
dihydropyridin-l(2H)-yl, 4,5-dihydro-lH-pyrazol-l-yl,
2,5-dihydro-lH-pyrrol-l-yl, or azetidinyl ring,
wherein said ring is substituted with a group -Y-R30
and optionally substituted with a second group R as
described above. In some embodiments, R is -CH2-
substituted with -C(O)NR10R1 1 and R10 and R1 1,
together with any intervening atoms, form a
pyrrolidinyl, piperidinyl, piperazinyl,
5,6-dihydropyridin-l(2H)-yl,
4,5-dihydro-lH-pyrazol-l-yl, 2,5-dihydrolH-
pyrrol-1-yl, or azetidinyl ring, wherein said ring is
substituted with a group -Y-R30 and optionally
substituted with a second group R3 1 as described
above. [0132] In some embodiments, R2 is optionally
substituted heteroaryl. In some embodiments, R is
isoxazol-5-yl or [l,2,4]oxadiazol-5-yl, each of which
is optionally substituted. In some embodiments, R2 is
isoxazol-5-yl or [l,2,4]oxadiazol-5-yl, each of which
is optionally substituted with a group chosen from
optionally substituted aryl and optionally substituted
alkyl. In some embodiments, R2 is isoxazol-5-yl or
[l,2,4]oxadiazol-5-yl, each of which is optionally
substituted with a group chosen from optionally
substituted phenyl, optionally substituted benzyl, and
optionally substituted phenoxymethyl. In some
embodiments, R2 is isoxazol-5-yl or
[l,2,4]oxadiazol-5-yl, each of which is optionally
substituted with a group chosen from phenyl, benzyl,
and phenoxymethyl. [0133] In some embodiments, R3 is
selected from optionally substituted alkyl and
halogen. In some embodiments, R3 is selected from
lower alkyl and halogen. In some embodiments, R3 is
halogen. In some embodiments, R3 is selected from
chlorine and bromine. In some embodiments, R3 is
chlorine. In some embodiments, R3 is hydrogen. [0134]
In some embodiments, R4 is selected from hydrogen,
optionally substituted alkyl, -NR1 1SO2R14 , -NR1
1C(O)NR10R1 1, -NR1 1CO2R13 -S(O)NR10R1 1, -NR1
1C(O)NR1V -CN, -NO2, and -C(O)R12 . In some
embodiments, R1 1 is hydrogen. In some embodiments,
R10 is selected from optionally substituted alkyl and
optionally substituted cycloalkyl. [0135] In some
embodiments, R4 is selected from hydrogen and
optionally substituted lower 



alkyl. In some embodiments, R4 is hydrogen. [0136] In
some embodiments, R4 is -CN.[0137] In some
embodiments, R5 is selected from optionally
substituted cycloalkyl, optionally substituted aryl,
optionally substituted heteroaryl, and optionally
substituted heterocycloalkyl. In some embodiments, R5
is selected from optionally substituted cycloalkyl,
optionally substituted aryl, and optionally
substituted heteroaryl. In some embodiments, R5 is
selected from optionally substituted aryl and
optionally substituted heteroaryl. In some
embodiments, R5 is selected from pyrid-3-yl,
pyrazol-4-yl, phenyl, furan-2-yl, furan-3-yl,
thiophen-2-yl, and thiophen-3-yl, each of which is
optionally substituted. In some embodiments, R5 is
selected from phenyl, furan-2-yl, furan-3-yl,
thiophen-2-yl, and thiophen-3-yl, each of which is
optionally substituted. In some embodiments, R5 is
selected from phenyl, furan-2-yl, furan-3-yl,
thiophen-2-yl, and thiophen-3-yl, each of which is
optionally substituted with one or two groups chosen
from lower alkyl, halogen, morpholinyl,
trifluoromethyl, and lower alkoxy. In some
embodiments, R5 is selected from phenyl,
3-fluorophenyl, furan-2-yl, furan-3-yl, thiophen-2-yl,
and thiophen-3-yl. [0138] In some embodiments, R6 is
selected from hydrogen, halogen, optionally
substituted alkyl, -OR15 , -S(O)NR 10R1 1, -C(O)R12 ,
-NO2, -C(O)NR10R1 1, and -NR10R1 1. In some
embodiments, R6 is selected from hydrogen, halogen,
optionally substituted alkyl, -S(O)NR10R1 1, -C(O)R12
, -NO2, -C(O)NR10R1 1, and -NR10R1 1 . In some
embodiments, R1 1 is hydrogen. In some embodiments,
R10 is selected from optionally substituted alkyl and
optionally substituted cycloalkyl. In some
embodiments, R10 and R1 1, taken together with any
intervening atoms, form an optionally substituted
heterocycloalkyl ring. [0139] In some embodiments, R6
is selected from hydrogen, halogen, and optionally
substituted alkyl. In some embodiments, R6 is selected
from hydrogen and halogen. In some embodiments, R6 is
hydrogen. [0140] In some embodiments, R7 is selected
from halogen, optionally substituted alkyl, optionally
substituted cycloalkyl, optionally substituted alkoxy,
heterocycloalkyl, optionally substituted aryl,
-SO2NR10R1 1, and -NR10R1 1. In some embodiments, R7
is selected from halogen, optionally substituted
alkyl, optionally substituted cycloalkyl, optionally
substituted alkoxy, heterocycloalkyl, optionally
substituted aryl, and -NR10R11 . In some embodiments,
R7 is selected from optionally substituted alkyl,
optionally substituted cycloalkyl, optionally
substituted alkoxy, and -NR10R1 1. In some
embodiments, R7 is selected from optionally
substituted alkyl, optionally substituted alkoxy, and
-NR10R1 1. In some embodiments, R7 isselected from
optionally substituted lower alkoxy and optionally
substituted lower alkyl. [0141] In some embodiments,
R7 is polyhalogenated lower alkoxy. In some
embodiments, R7 selected from trifluoromethoxy and
difluorochloromethoxy. [0142] In some embodiments, R7
is polyhalogenated lower alkyl. In some embodiments,
R7 is polyhalogenated methyl. In some embodiments, R7
is selected from trifluoromethyl and
difluorochloromethyl. In some embodiments, R7 is
trifluoromethyl. [0143] In some embodiments, R7is
-NR10R11. In some embodiments, R1 1 is hydrogen. In
some embodiments, R10 is optionally substituted lower
alkyl. In some embodiments, R10 is methyl. In some
embodiments, R10 is 2-hydroxyethyl. [0144] In some
embodiments, the compound of Formula 1 is chosen from
the compounds set forth in Table 1, Table 2, and Table
3. Table 1:METHODS AND APPARATUSFOR PACKAGING
ELECTRONIC COMPONENTS PRIORITY [0001] This application
claims priority to United Patent Application number
11/998,600, filed November 30, 2007, titled " Methods
and Apparatus For Packaging Electronic Components".
FIELD OF THE INVENTION [0002] This invention relates
to methods and apparatus for packaging electronic
components, such as the organic light emitting diodes
(OLEDs) used in display devices. BACKGROUND OF THE
INVENTION [0003] OLED-based displays are currently
being considered for use in many applications which
presently employ liquid crystal displays (LCDs).
OLED-based displays can provide brighter and clearer
images than liquid crystal displays and also need less
power. However, OLEDs are susceptible to damage
resulting from exposure to oxygen and moisture. Such
exposure may lead to a reduction in the useful life of
the light emitting device. Therefore, hermetic sealing
is one of basic requirements for long term performance
of OLEDs. [0004] Efforts have been made to
hermetically seal OLED-based displays with organic
materials, such as epoxy resins. An alternate
technology with substantially better performance has
been developed by Corning Incorporated, the assignee
of this application. n accordance with this approach,
a frit-containing paste is made by mixing glass
particles, filler particles, e.g., crystalline
particles, and a vehicle, e.g., a vehicle comprising
one or more solvents and one or more binders and/or
dispersing aids. The paste is dispensed on a first
substrate (e.g., a first glass sheet) and is sintered
using, for example, a high temperature furnace to
produce a sintered frit pattern. [0005] The resulting
assembly, known as a frit cover glass or simply a
cover, is combined with a second substrate (e.g., a
second glass sheet) carrying one or more OLED devices.
The cover and the second substrate are sealed together
by exposing the sintered frit pattern to laser energy.
In particular, a laser beam is scanned (traversed)
over the sintered frit pattern to locally raise the
temperature of the sintered frit above its softening
point. In this way, the sintered frit adheres to the
second substrate and forms a strong seal between
thecover and the second substrate. Since the sintered
frit is a glass and ceramic material, as opposed to an
organic material, the penetration of oxygen and
moisture through the frit seal is much slower than
through the epoxy seals previously used to encapsulate
OLED devices. [0006] The sealing of larger size OLED
devices, such as full-size TVs having a diagonal of,
for example, 14 inches or larger, is more challenging
than sealing smaller OLED 



devices, such as those used in cell phones, PDAs and
other mobile electronic devices. For a typical small
OLED device, a sintered frit with a sealing width of
around 0.7-1.0 mm has proved sufficient. In
particular, these sealing widths have been found to
provide a sufficient moisture and oxygen barrier to
allow a typical display to operate successfully for
1-3 years. In addition, such sealing widths provide
sufficient mechanical strength for these smaller
devices. The small sealing widths are also compatible
with the limited space available on small OLED devices
for sealing. For example, for a typical small OLED
device, the edge area that can b e dedicated to
sealing has a width of only 1.0-1.5 millimeters.
[0007] In comparison to small devices, larger size
OLED devices such as TVs require longer service times
and have more demanding mechanical requirements. As a
consequence, a need has arisen for large size packages
for sensitive electronic components, such as OLEDs,
which have seals that are stronger and/or provide
greater protection from influx of water and oxygen.
The present invention addresses this need. SUMMARY OF
THE INVENTION [0008] In accordance with a first
aspect, the invention provides a packaging method
comprising: (A) providing a first substrate (12), a
second substrate (16), a wall (14) that separates the
first and second substrates (12,16), and at least one
temperature sensitive element (18,28,36) that is
disposed between the first and second substrates
(12,16), said wall (14) comprising a sintered glass
frit having a melting temperature Tf t-meit and said
at least one temperature sensitive element (18,28,36)
having a degradation temperature Tdegrade, said wall
(14) being bonded to said first substrate (12) and in
contact with said second substrate (16); (B) impinging
a laser beam having a diameter Dbeam on the wall (14);
and(C) traversing the beam along a length of the wall
(14) at a speed S to heat the wall (14) and seal at
least a portion of the width (42) of the wall (14) to
the second substrate (16); wherein: (i) the minimum
distance (44) between an edge of the at least one
temperature sensitive element (18,28,36) and an edge
of the portion of the wall (14) sealed to the second
substrate (16) at any location along the wall is Lm1n
; (ii) the minimum width (40) of the portion of the
wall (14) sealed to the second substrate (16) at any
location along the wall is Wseai-min ; and (iii)
Dbeam, Lmn, Wseai-min, Tfht-meit, Tdegrade, and S
satisfy the relationships: (a) Wseal-mn  2 mm, (b)
Dbeam > W s eal-min, (c) S  ( 11 mm/sec)'(D beam/2 mm)
(0.2 mm/L min)'(65 oC/T degrade)2, and (d) S < ( 130
mm/sec>(D beam/2 mmH450C/T frit-melt )2 . [0009] In
accordance with a second aspect, the invention
provides a package comprising a first glass substrate
(12), a second glass substrate (16), a wall (14) that
separates the first and second substrates (12,16), and
at least one element (18,28,36) that is sensitive to
oxygen and/or moisture and is hermetically sealed
between the first and second substrates (12,16) by the
wall (14), said wall (14) comprising a sintered glass
frit having a melting temperature Tfpt-meit and said
at least one element (18,28,36) having a degradation
temperature Tdegrade, wherein: (i) at least a portion
of the width (42) of the wall (14) is laser sealed to
the second substrate (16); (ii) the minimum width (40)
of the portion of the wall (14) sealed to the second
substrate (16) at any location along the wall is
Wseai-m n; (iii) the minimum distance (44) between an
edge of the at least one element (18,28,36) and an
edge of the portion of the wall (14) sealed to the
second substrate (16) at any location along the wall
is Lm1n ; and (iv) Wseai-mm, Um, and Tfht-meit satisfy
the relationships: (a) WSeai-m,n > 2 mm; (b) 0.2 mm <
Lmin < 2.0 mm; and (c) T fpt-melt  6.0 T degrade[0010]
In certain embodiments of the first and second aspects
of the invention, Wseai-mn is less than or equal to 7
millimeters. Preferably, Wseai-m n is less than or
equal to 6 millimeters and greater than or equal to 3
millimeters, e.g., Wseai-m n approximately equals 5
millimeters. [0011] In accordance with a third aspect,
the invention provides a package comprising a first
glass substrate (12), a second glass substrate (16), a
wall (14) that comprises a sintered glass frit and
separates the first and second substrates (12,16), and
at least one element (18,28,36) that is sensitive to
oxygen and/or moisture and is hermetically sealed
between the first and second substrates (12,16) by the
wall (14), wherein the wall (14) comprises a plurality
of isolated compartments (32), each compartment (32)
comprising a plurality of sub-walls (30) which are
arranged so that oxygen and/or moisture can readily
pass through the compartment only if at least two of
the sub-walls (30) are breached. [0012] hi accordance
with a fourth aspect, the invention provides a package
comprising a first glass substrate (12), a second
glass substrate (16), a wall (14) that separates the
first and second substrates (12,16), and at least one
element (18,28,36) that is sensitive to oxygen and/or
moisture and is hermetically sealed between the first
and second substrates (12,16) by the wall (14),
wherein the wall (14) comprises a plurality of
sub-walls (30) that comprise a sintered glass frit and
a sub-wall (34) that (i) comprises an organic
material, e.g., an epoxy resin, and (ii) is located
between two of the sub-walls that comprise a sintered
fri t hi certain embodiments, the sub-wall that
comprises an organic material does not contact the
sub-walls that comprise a sintered glass frit. [0013]
The reference numbers used in the above summaries of
the various aspects of the 



invention are only for the convenience of the reader
and are not intended to and should not be interpreted
as limiting the scope of the invention. More
generally, it is to be understood that both the
foregoing general description and the following
detailed description are merely exemplary of the
invention and are intended to provide an overview or
framework for understanding the nature and character
of the invention. [0014] Additional features and
advantages of the invention are set forth in the
detailed description which follows, and in part will
be readily apparent to those skilled in the art from
that description or recognized by practicing the
invention as described herein. The accompanying
drawings are included to provide a further
understanding of the invention, and are incorporated
in and constitute a part of this specification. It is
to be understood that the various features of the
invention disclosed in this specification and in the
drawings can be used in any and all combinations.BRIEF
DESCRIPTION OF THE DRAWINGS [0015] Fig. 1 is a
schematic, cross sectional, side view of a display
device according to an embodiment of the present
invention. [0016] Fig. 2 is a cross sectional side
view of a glass sheet with a sintered frit pattern
bonded thereto in accordance with an embodiment of the
present invention. [0017] Fig. 3 is a top view of the
glass sheet of FIG. 2 showing the sintered frit
pattern as having the shape of a frame. [0018] Fig. 4
is a schematic diagram showing various geometric
relationships relevant to the present invention.
[0019] Fig. 5A is a plot showing the relationship
between laser power and laser scanning speed for three
different sintered frit widths. The vertical axis in
this figure is laser power in watts and the horizontal
axis is scanning velocity in millimeters/second.
[0020] Fig. 5B is a plot showing the relationship
between laser power and sintered frit width for four
different laser scanning speeds. The vertical axis in
this figure is laser power in watts and the horizontal
axis is sintered frit width in millimeters. [0021]
Fig. 6 is a schematic diagram illustrating a thermal
management system that can be used in connection with
certain embodiments of the present invention. [0022]
Fig. 7 is a schematic diagram of an embodiment of the
invention employing a single sintered frit wall.
[0023] Fig. 8 is a schematic diagram of an embodiment
of the invention employing a sintered frit wall
composed of nested sub-walls. [0024] Fig. 9 is a
schematic diagram of an embodiment of the invention
employing a wall comprising nested sub-walls composed
of a sintered frit and a sub-wall composed of an
organic material. [0025] Fig. 10 is a schematic
diagram of an embodiment of the invention employing a
wall having isolated compartments which can mitigate
leaking due to a local defect. DETAILED DESCRIPTION OF
THE INVENTION AND ITS PREFERRED EMBODIMENTS [0026] As
discussed above, in accordance with certain of its
aspects, the present invention relates to packaging of
temperature sensitive elements, e.g., OLEDs, by laser
sealing wherein the resulting seal has a wider width
(i.e., a larger Wseai-m,n) so as to provide the
package with greater strength and a longer useful
life.[0027] Fig. 1 is a schematic, cross-sectional,
side view of a hermetically sealed OLED display
device, generally designated by reference numeral 10,
comprising a first substrate 12, a sintered frit
pattern 14, a second substrate 16, at least one OLED
element 18, and at least one electrode 20 in
electrical contact with the OLED element. Typically,
OLED element 18 is in electrical contact with an anode
electrode and a cathode electrode. Electrode 20 in
Fig. 1 is intended to represent either electrode.
Although only a single OLED element is shown for
simplicity, display device 10 may have many OLED
elements disposed therein. The typical OLED element 18
includes one or more organic layers (not shown) and
anode/cathode electrodes. However, it should be
readily appreciated by those skilled in the art that
any known OLED element 18 or future OLED element 18
can be used in display device 10. hi addition, it
should be appreciated that another type of thin film
device can be housed in the packages of the invention
besides OLED element 18. For example, thin film
sensors, photovoltaic cells, and the like may be
fabricated using the present invention. [0028] hi one
embodiment, first substrate 12 is a transparent, thin
glass sheet produced using the fusion process, e.g.,
Corning Incorporated's Code 1737, EAGLE2000(r) or
EAGLE XG(tm) glasses, or the fusion glasses produced
by Nippon Electric Glass Co., NHTechno, and Samsung
Corning Precision Glass Co. Alternatively, first
substrate 12 can be produced by other processes, e.g.,
the float process used by Asahi Glass Co. to produce
OAlO glass and OA21 glass. Second substrate 16 may be
made of the same glass as first substrate 12 or it may
be a non-transparent substrate. [0029] Prior to
sealing first substrate 12 to second substrate 16, a
frit-containing paste is deposited on a major surface
of first substrate 12 in a predetermined pattern,
which is typically placed approximately 1 mm away from
the free edges 13 of first substrate 12 as a line, or
a plurality of connected lines, and is typically
deposited in the shape of a closed frame or wall. As
used herein, the word "wall" is used in the sense of a
barrier between the inside of the package and the
outside atmosphere. As such, it can have a variety of
shapes, e.g., circular, square, rectangular,
triangular, etc. As will be discussed below, in
certain embodiments of the invention, the wall can be
composed of sub-walls (see Figs. 8- 10). [0030]
Preferably, after being deposited on first substrate
12, the frit-containing paste is sintered prior to
being sealed to second substrate 16. To accomplish
this, the deposited paste can, for example, be heated
so that it becomes attached to first substrate 12, and
then the substrate/heated paste combination can be
placed in a furnace which sinters the paste(also
referred to in the art as "firing" or "consolidating"
the paste) to form the desired assembly of sintered
frit pattern 14 bonded to first substrate 12.
Alternatively, the initial heating step can be
omitted, with the substrate/paste pattern combination
being directly 



placed into a furnace for sintering. As a still
further alternative, the sintering can be performed by
heating just the paste pattern and the surrounding
substrate, rather than the entire glass sheet. This
localized heating can be performed on the entire paste
pattern simultaneously or on sequential portions hi
general, the furnace approach with an initial heating
step is preferred since during the initial heating,
organic components of the vehicle, e.g., organic
binder materials, are burned out. The sintering
temperature and time will, of course, depend on the
composition of the paste, specifically, the
composition of the paste's glass particles. [0031]
After sintered frit pattern 14 is formed, it can be
ground, if necessary and desired, so that the height
variation along the frit line does not exceed about
2-4 microns, with a typical target height H being 10
microns to greater than 20 microns, depending on the
application for device 10; however, more typically
height H is about 14-16 microns. If the height
variation is larger, a gap, which may be formed
between the sintered frit pattern and second substrate
16 when glass sheet 12 and substrate 16 are joined,
may not close when the sintered frit pattern 14 melts
during laser sealing (see below), or the gap may
introduce stresses which can crack one or both of the
substrates, particularly during cooling. An adequate
but not overly thick frit height H allows the laser
sealing to be performed from the backside of first
substrate 12. If sintered frit pattern 14 is too thin,
it does not leave enough material to absorb the laser
radiation, resulting in failure. If the pattern is too
thick, it will be able to absorb enough energy at the
surface of the first substrate to melt, but will
prevent the necessary energy needed to melt the
sintered frit from reaching the region of the frit
proximate substrate 16. This usually results in poor
or spotty bonding of the first and second substrates.
[0032] If the sintered frit pattern 14 is ground, the
assembly of first substrate 12 and its attached
sintered frit pattern 14 may go through a mild
ultrasonic cleaning environment to remove any debris
that may have accumulated. During cleaning, the
temperature can be kept low to avoid degradation of
the sintered frit pattern 14. After cleaning (if
performed), a final processing step can be performed
to remove residual moisture. For example, the assembly
can be placed in a vacuum oven at a temperature of
100C for 6 or more hours. After removal from the oven,
the assembly can be placed in a clean room box to
deter accumulation of dust and debris.[0033] The
sealing process includes placing the assembly of first
substrate 12 and sintered frit pattern 14 on top of
substrate 16, with one or more OLEDs 18 and one or
more electrodes 20 deposited on the substrate 16, in
such a manner that the sintered frit pattern, the one
or more OLEDs, and the electrodes are sandwiched
between the first and second substrates 12 and 16
separated by the thickness of the frit pattern. Mild
pressure can be applied to the first and second
substrates 16 to keep them in contact during the
sealing process. [0034] A laser beam is then directed
onto frit pattern 14 through first substrate 12.
Alternatively, if substrate 16 is transparent at the
sealing wavelength, sealing may be performed through
substrate 16, or through both substrates. In each
case, the beam or beams are traversed over the
sintered frit pattern to locally heat the pattern such
that the glass component of the sintered frit melts
and forms a hermetic seal which connects and bonds
substrate 12 to substrate 16. The gap between
substrates 12 and 16 resulting from the presence of
the sintered frit seal 14 forms a hermetic envelope or
package for OLED element 18. In particular, the
package comprises the two substrates which form the
faces of the package and the sintered frit 14 which
forms the wall of the package. The hermetic seal of
the package protects OLED(s) 18 by preventing oxygen
and moisture in the ambient environment from entering
into OLED display 10. [0035] The laser beam or beams
used during bonding can be defocused, for example, to
make the temperature gradient within the sintered frit
pattern more gradual. It should be noted that if the
gradient is too steep (focus is too tight), OLED
display 10 may exhibit cracking and subsequent
failure. The sintered frit pattern generally needs a
warm up and cool down phase during melting. In
addition, prior to use, the assembly of the first
substrate 12 and sintered frit pattern 14 is
preferably stored in an inert atmosphere to prevent
re-adsorption of O2 and H2O before melting. [0036]
Further details regarding the formation of
hermetically-sealed packages by traversing a laser
beam over a sintered frit pattern can be found in
commonly- assigned U.S. Patent Application
Publications Nos. 2006/0082298, 2007/0128965,
2007/0128966, and 2007/0128967, the contents of which
in their entireties are incorporated herein by
reference. [0037] Similarly, suitable compositions for
the sintered glass frit which forms the wall of the
package can be found in commonly-assigned U.S. Patent
Application Publication No. 2005/0001545, entitled
"Glass Package that is Hermetically Sealed with a Frit
and Method of Fabrication," which is a
continuation-in-part of U.S. Patent No. 6,998,776, the
contentsof both of which in their entirety are
incorporated herein by reference. A presently
preferred glass for the glass component of the
sintered frit comprises: 22.92 mole% Sb2O3, 46.10
mole% V2O5, 0.97 mole% TiO2, 0.97 mole% Al2O3, 2.61
mole% Fe2O3, and 26.43 mole P2O5; a presently
preferred ceramic for the filler particles of the
sintered frit comprises: 50 mole% SiO2, 25 mole%
Al2O3, and 25 mole% Li2O. Other sintered glass frits,
now known or subsequently developed, can, of course,
be used in the practice of the invention. [0038] As
discussed above, large size displays, i.e., displays
having a diagonal of at least 14 inches, present
challenges to the existing processes for sealing
OLEDs. Larger displays have longer seal lengths which
means that there are more chances for water and oxygen
to penetrate through the barrier provided by the seal.
Importantly, OLED display degradation does not happen
uniformly over all of the display area, but primarily
next to leak locations. Therefore, the degradation
rate of an OLED display is about the same as the area
next to leak locations, which is the seal perimeter.
Larger OLED devices have larger seal perimeters. In
particular, for typical display aspect ratios, the
ratio of the 



display area to its perimeter is proportional to the
display size. [0039] One way to decrease water and
oxygen permeability rates is to increase the width of
the seal. In general terms, the permeability rate
scales exponentially with seal width for a seal
composed of a sintered glass frit. Thus, given that
the lifetime of a small OLED, e.g., an OLED for use in
a cell phone, is on the order of 1-2 years with a
0.7-1.0 mm seal width, then the lifetime of a device
having a sintered frit whose minimum seal width is 5
mm will be on the order of about 50 years. Moreover,
the wider sealing width will also improve the overall
mechanical strength of the device. [0040] One approach
for increasing the effective width of a sintered frit
seal is to use a wall composed of multiple sub-walls
nested within one another (see, for example, Figs. 8-
10, where reference number 14 represents the wall and
reference number 30 represents sintered glass frit
sub-walls). The sub-walls can, for example, have a
width in the previously used 0.7-1.0 mm range. The
presence of these multiple sub-walls increases both
the hermeticity of the package and its strength.
[0041] Unfortunately, in connection with the present
invention, it was discovered that multiple
sintered-frit sub-walls in and of themselves present
significant sealing challenges. Specifically, it was
found that although one of the sub-walls could be
laser sealed using the techniques employed with small
OLED packages, when laser sealing was performed on
another sub-wall, the heat generated by the laser
damaged the seal of the first sub-wall.In particular,
sealing of the second sub-wall was found to delaminate
the neighboring first sub-wall, probably as the result
of thermal expansion. Thus, in terms of laser sealing,
it was discovered that a nested set of sintered- frit
sub-walls need to be treated as one thick wall with
all of the sub- walls being sealed together at one
time. [0042] Fig. 4 is a schematic diagram showing
various geometric relationships relevant to the
present invention. In this figure, reference number 36
represents a temperature sensitive element, e.g., an
OLED, and reference number 14 represents the wall of
the assembled package for the temperature sensitive
element. Wall 14 can be 1) a single sintered glass
frit (see, for example, Figs. 1 and 7), 2) a plurality
of sintered-frit sub-walls (see, for example, Figs. 8
and 10 where the sintered-frit sub-walls are
identified by the reference number 30), or 3) a
combination of sintered-frit sub-walls and one or more
additional sub-walls composed of an organic material,
e.g., an epoxy resin (see, for example, Fig. 9 where
the sintered-frit sub-walls are identified b y the
reference number 30 and the sub-wall composed o f an
organic material is identified by the reference number
34). [0043] In Fig. 4, the overall width of wall 14 is
illustrated by line 42 and the sealed width is
illustrated by line 40, where the sealed width is the
portion of the wall which becomes laser sealed to the
second substrate. As shown in Fig. 4, wall 14 does not
include subwalls. If sub-walls are used, the overall
width is simply the distance between the innermost
edge of the innermost sub-wall and the outermost edge
of the outermost subwall and the sealed width is the
distance between the innermost and outermost locations
where the wall becomes laser sealed to the second
substrate. [0044] Sealed width 40 can b e equal to
overall width 42 or, as shown in Fig. 4, smaller than
the overall width so as to leave unsealed portions 38.
Also, the sealed width can b e uniform, as shown in
Fig. 4, or can vary along the length of the wall. In
either case, the sealed width is characterized b y a
minimum value, i.e., Wseai-m n- For the uniform sealed
width case illustrated in Fig. 4 , Wseai-m n is equal
to the length of line 40; for the general case,
WSeai-m n is the smallest transverse width of the
sealed portion of the wall at any place along the
length of the wall. [0045] Fig. 4 also shows the
spatial relationship between the temperature sensitive
component 36 and the wall 14. In particular, reference
number 44 shows the minimum distance Lmin between an
edge of the temperature sensitive element and an edge
of the portion of the wall sealed to the second
substrate. As shown in Fig. 4, the spacing between the
temperature sensitive element and the sealed portion
of the wall is constant, itbeing understood that this
spacing may be different at different locations along
the wall depending on the configuration of the wall
and the layout of the temperature sensitive element or
elements within the package defined by the wall. For
cases in which the spacing varies, Lmin is smallest
spacing anywhere along the length of the wall. [0046]
In connection with the laser sealing of sintered glass
frits having widths in the 0.7- 1.0 mm range, certain
combinations of laser power and sealing speed have
been found acceptable. For example, a laser beam with
a Gaussian intensity distribution has been found
suitable, provided the beam diameter is 1.8 times the
width of the sintered glass frit. For the 0.7-1.0 mm
sintered-frits, this relationship provides a uniform
temperature distribution across the sintered frit and
effective heating/cooling rates along the sintered
frit. (It should be noted that as used herein, beam
diameter (Dbeam) is determined using the 1/e2
definition of beam size of the ISO 11146 standard.
That is, the boundaries of the laser beam are defined
as the locations at which beam intensity has fallen to
1/e2 of its peak value.) [0047] With larger beam
diameters and larger sintered- frit widths, the amount
of time each individual location in the longitudinal
direction is heated changes significantly. In
particular, to have the same linear heating rate, a
larger laser spot size requires a higher scanning
speed. Looked at another way, sealing at the same
scanning speed for a 1.8 mm beam size and a 9 mm beam
size would mean effectively decreasing the linear
heating rate by 5 times. These considerations suggest
that a sealed frit width of 5 mm would require a laser
spot size of 9 mm with significantly higher power and
sealing speed ~ 5 times faster than that for 1mm frit
with 1.8 mm spot size. [0048] More generally, a change
in the width of the sealed wall changes power
requirements for the laser, scanning speed, and most
importantly thermal management, since the amount of
heat supplied to the package in comparison to a
thinner wall becomes much larger. In addition, changes
in beam shape also become relevant in reducing the
adverse effects of the sealing process on the
temperature sensitive element(s) being 



packaged. [0049] In general, speed and power are
linked since the temperature required to melt the
sintered-frit and thus form a seal with the second
substrate is the same regardless of power and speed.
However, at lower speeds more heat diffusion occurs,
leading to a wider heated area in the glass and thus a
greater possibility of damage to the temperature
sensitive element(s) which are being packaged.[0050]
Figs. 5A and 5B show the results of experiments and
calculations performed with different beam sizes and
sintered-frit widths to determine the relationship
between laser power and laser scanning speed. In Fig.
5A the horizontal axis is scanning speed in
millimeters/second and the vertical axis is laser
power in watts required to heat the frit to its
melting temperature; in Fig. 5B the horizontal axis is
sintered-frit width in millimeters and the vertical
axis is again laser power in watts required to heat
the frit to its melting temperature hi Fig. 5B, the
plotted values for sintered-frit widths greater than 5
millimeters and powers greater than 800 watts are
calculated values based on the measurements obtained
for the smaller widths and lower powers. [0051] Fig.
5B also includes horizontal line 22 and vertical line
24. Horizontal line 22 represents a practical upper
limit on laser power based on the power of lasers that
are currently commercially available, i.e., a laser
power in the range of 3000-4000 watts. Although
available, such high power lasers are expensive and
thus in terms of cost effectiveness, lasers having a
power that is less than or equal to 1000 watts are
preferred. Vertical line 24 shows that when this
criterion is applied, the width of the sintered-frit
which is being laser sealed is preferably less than
about 7 millimeters. [0052] In view of the foregoing,
it can be seen that larger sintered-frit widths need
higher laser powers and faster scanning speeds. In
particular, sealing larger sintered-frit widths
require faster scanning speeds to avoid thermal stress
in the glass, as well as damage to temperature
sensitive element(s) within the package. [0053] In
general terms, the local temperature during laser
sealing scales linearly with power density and speed
to the power 0.5. Experimentally, it has been found
that a Gaussian-shaped beam with a diameter at least
1.5 (preferably, at least 1.8) times larger than the
sintered-frit width gives a good quality, uniform
seal, provided the temperatures achieved at the center
and the edge of the sintered-frit are high enough to
melt the glass component of the sintered frit. For a 5
mm frit, this results in a 9 mm Gaussian beam. For
other beam shapes, the beam width can be similarly
determined. [0054] For example, a Gaussian beam can be
converted into a flat top beam using beam shaping
equipment, e.g., a Newport refractive beam shaper,
Catalog Number GBS-NIR-H (Newport Corporation, Irvine,
California). For a 9 mm Gaussian beam and a 5 mm
sintered frit, the ratio of the temperature at the
center of the sintered frit to the temperature at its
edge can be estimated as: 1 edge' 1 center ~ "center'
"edge (.^center 3edge)[0055] For the above parameters,
Tedge/Tcenter for a Gaussian beam is equal to 0.48 and
this has been found to give a good quality seal. In
the case of a flat top beam, Pcenter = Pedge- As a
result, the beam diameter can be significantly
smaller, e.g., acemer/aedge can be approximately 1.15.
This means that for round flat top beam, the beam
diameter only needs to be 1.05 (preferably, 1.15-1.2)
times larger than the width of the sintered- frit.
This is a significant savings in power for the same
power density as a Gaussian beam. [0056] The above
relationship can also be derived using the following,
somewhat more general, relationship: T edge/T Center ~
(Pcen ter/Pe dge)(D beam/a) a 5(F(Dg,Df,h)), [0057]
where, as above, P is power density, Dbeamis beam
diameter, a is length of the segment of the beam
diameter at the frit edge, and F(Dg,Df,h) is a
diffusion function, where Dg is thermal diffusivity
for the glass substrate, Df is thermal diffusivity for
the sintered frit, and h is frit width. In the case of
a Gaussian beam with a diameter of 9 mm and a sintered
frit width of 5 mm, the above relationship gives an
estimate for Tedge as 0.6- 0.7 Of T enter- [0058] In
the case of a flat top beam, F(Df,Dg,h) will b e about
the same as for a Gaussian beam. Dbearr/ a needs to b
e about 2, meaning that the beam diameter for the flat
top beam can be reduced to Dbearr/ h = 1.05
(preferably, 1.15) instead of Dbea h = 1.5
(preferably, 1.8) for a Gaussian beam. [0059] As
indicated above, for wider sintered-frits, the
requirements for a larger beam diameter and the same
linear speed of frit exposure mean that higher power
densities and faster translation speeds need to be
used. A relationship between translation speed
(scanning speed) and other parameters of the system
can be obtained as follows. [0060] In order to obtain
a good seal without generating excessive heat damage,
the following relationship is preferably satisfied:
Kl*T frit(edge)< t0 5 < K2*T glass(x), [0061] where t
is exposure time, K l and K2 are scaling coefficients,
which depend on the laser power density and its
distribution, Tfm(edge) is the temperature o f the
sintered frit at its edge needed to achieve melting,
and Tgiass(x) is the temperature of the glass
substrate at a distance x from the edge of the
sintered frit which needs to be low enough so as not
to damage the temperature sensitive element(s) being
packaged. As expressed in this relationship, the
exposure time of the frit b y the laser needs to b e
long enough to melt the frit all the way through its
thickness, and short enough so that the glass at a
distance x from edge of the sintered frit does not get
too hot.[0062] Typical values are Tfrit(edge)> 450C,
Tglass(x=0.2 mm)< 85C (i.e., a delta T from room
temperature equal to 65C). The exposure time is simply
related to the diameter of the beam t = where Dbeam is
the beam diameter and S is the scanning speed of the
laser over the sintered frit. In order for a 15 micron
frit to be melted throughout its height, t needs to
greater than about 15 milliseconds (preferably, 25
milliseconds, which corresponds to a scanning speed of
75 mm/s for a 2 mm beam diameter). To keep the glass
cool enough at x>0.2 mm, t needs to be smaller than
180 milliseconds. This gives a range at any given beam
diameter for the speed requirements. This range is
applicable to 



various systems since the thermal diffusivity of a
typical sintered frit and a typical glass substrate
will have the same order of magnitude and the frit
thickness, e.g., 15-20 microns, can be expected to be
smaller than the distance of the heat sensitive
element from the edge of the sintered frit (e.g., 200
um). [0063] Using the above relationship, one can
determine that to seal a 5 mm frit with a 9 mm beam
diameter, the speed needs to be slower than 360 mm/s
and faster than 50 mm/s, while for a 3 mm frit with
5.4 mm spot size, the speed range is 216 to 30 mm/s.
[0064] The relationship between the scanning speed S
and the parameters of the system can be further
quantified by explicitly including in the speed
determination the distance between the edge of the
sealed portion of the frit and the temperature
sensitive element, the degradation temperature of that
element, and the melting temperature of the sintered
frit. When that is done, the following relationships
are obtained: S  ( 11 mm/sec) (Dbeam/2 mm) (0.2 mm/L
mm) (65 oC/T degrade)2, and S < (130 mm/sec>(Dbea m/2
mm) (450 oC/Tfpt-meit)2. Preferably, S < (80 mm/secHD
beam/2 mm) (450 oC/T frit-melt)2. [0065] As shown in
Fig. 5, higher speeds require higher laser powers in
order to reach the same temperature at the sintered
frit. The relationship between power density P and
scanning speed S at the same spot size can be written:
P/(S)5 = constant [0066] From this relationship, it
can be seen that an increase in speed by factor of 4
requires an increase in P by factor of 2. [0067] As
can be seen, the above relationships for S take into
account the degradation temperature of the one or more
elements, e.g., OLEDs, being packaged. To further
reduce the chances of thermal damage, it can be
beneficial to use thermal sinking for first and second
substrates. An example of such thermal sinking is
shown in Fig. 6 where, forexample, plate 26 can be
composed of aluminum and plate 24 can be composed of
silica. Similarly, it is preferable to mask the laser
beam so that only the portion needed to heat the wall
14 reaches the package. [0068] Turning to Figs. 7-10,
these figures illustrate various constructions for the
wall of the package. In these figures, the reference
number 28 represents the one or more temperature
sensitive elements, e.g., OLEDs being housed in the
package. [0069] Fig. 7 shows the approach in which a
single thick wall is used to provide the hermetic
seal. Fig. 8 shows an alternate approach wherein the
overall width of the wall is still thick but rather
than achieving the thickness through the use of a
single wall, multiple sub-walls, e.g., two sub-walls
as illustrated in Fig. 8, are used. [0070] Fig. 9
shows a further approach in which sub-walls composed
of a sintered glass frit are used in combination with
a sub-wall composed of an organic material. The
organic material is preferably an epoxy resin but
other materials, such as a UV curable acrylic resin,
can be used in the practice of this aspect of the
invention. The sub-wall composed of an organic
material is preferably sandwiched between sub-walls
composed of a sintered glass frit as shown in Fig. 9,
but other arrangements can be used if desired, e.g.,
the subwall composed of an organic material can be the
innermost or outermost sub-wall. Also, although the
use of a single sub-wall composed of an organic
material is shown in Fig. 9, multiple sub-walls of
this type can be used if desired. When a sub-wall
composed of an organic material is used, the laser
beam used to seal the sub-walls composed of the
sintered glass frit should be masked so that it does
not impinge on the organic material. [0071] Fig. 10
shows a wall which includes multiple sub-walls 30
arranged to form isolated compartments 32. In this
way, oxygen and/or moisture can readily pass through
one of the compartments only if at least two of the
sub-walls of that compartment are breached. Other
configurations besides the one shown in Fig. 10 can be
used in the practice of this aspect of the invention.
For example, the angled sub-walls can intersect the
parallel sub-walls at 90, thus forming a ladder-like
or honeycomb-type structure along the length of wall.
Also, rather than a single layer of isolated
compartments, multiple layers can be used to provide
even greater protection against localized failures of
the wall. [0072] From the foregoing it can be seen
that the preferred embodiments of the various aspects
of the invention provide a number of benefits
including: longer product lifetimes due to lower rates
of moisture and oxygen permeation, higher mechanical
strength since strength is related to the width of the
sealed frit, and/or combinations of sintered frit and
organic seals to provide both a hermetic barrier and
high mechanical strength.[0073] A variety of
modifications which do not depart from the scope and
spirit of the invention will be evident to persons of
ordinary skill in the art from the foregoing
disclosure. As just one example, although the
invention has been described in terms of sealing of
packages for use with large OLED-based displays, it
can also be used with small displays or with other
types of temperature sensitive elements, if desired.
The following claims are intended to cover the
specific embodiments set forth herein as well as such
modifications, variations, and equivalents.What is
claimed is: 1. A packaging method comprising: (A)
providing a first substrate, a second substrate, a
wall that separates the first and second substrates,
and at least one temperature sensitive element that is
disposed between the first and second substrates, said
wall comprising a sintered glass frit having a melting
temperature Tfpt-meit and said at least one
temperature sensitive element having a degradation
temperature Tdegrade, said wall being bonded to said
first substrate and in contact with said second
substrate; (B) impinging a laser beam having a
diameter Dbeam on the wall; and (C) traversing the
beam along a length of the wall at a speed S to heat
the wall and seal at least a portion of the width of
the wall to the second substrate; wherein: (i) the
minimum distance between an edge of the at least one
temperature sensitive element and an edge of the
portion of the wall sealed to the second substrate at
any 



location along the wall is Lm1n; (ii) the minimum
width of the portion of the wall sealed to the second
substrate at any location along the wall is Wseai-min
; and (iii) Dbeam, Lmn, Wseai-m n, Tfht-meit,
Tdegrade, and S satisfy the relationships: (a)
WSeai-m,n  2 mm, (b) Dbeam W sea l-min, (c) S  ( 11
mm/secHDbeam/2 mm) (0.2 mm/L min)'(65C/T degrade)2,
and (d) S < (130 mm/sec)-(D beam/2 mm>(450 oC/T
frit-meit)2. 2. The method of Claim 1 wherein: S < (80
mm/sec>(D beam/2 mm)-(450 oC/Tf pt-mei,)2. 3. The
method of Claim 1 wherein Wseai-m n  mm. 4. The method
of Claim 1 wherein 3 mm < Wseai-m n  6 mm. 5. The
method of Claim 1 where Wseai-m n approximately equals
5 mm. 6. The method of Claim 1 wherein the wall
comprises a plurality of nested subwalls, each of
which comprise the sintered glass frit. 7. The method
of Claim 6 wherein the wall comprises a nested
sub-wall which comprises an epoxy resin. 8. The method
of Claim 1 wherein the wall comprises a plurality of
isolated compartments.9. The method of Claim 1 wherein
the wall comprises filler particles embedded in the
sintered glass frit. 10. The method of Claim 1 wherein
5 mm/sec < S < 100 mm/sec. 11. The method of Claim 1
wherein the laser beam is a Gaussian beam and
Dbeam/WSeai-m.n is greater than 1.5. 12. The method of
Claim 1 wherein the laser beam is a flat-top beam and
Dbeam/Wseai-min i s greater than 1.05. 13. The method
of Claim 1 wherein the at least one temperature
sensitive element is an organic light emitting diode.
14. A package comprising a first glass substrate, a
second glass substrate, a wall that separates the
first and second substrates, and at least one element
that is sensitive to oxygen and/or moisture and is
hermetically sealed between the first and second
substrates by the wall, said wall comprising a
sintered glass frit having a melting temperature
Tfpt-meit and said at least one element having a
degradation temperature Tdegrade> wherein: (i) at
least a portion of the width of the wall is laser
sealed to the second substrate; (ii) the minimum width
of the portion of the wall sealed to the second
substrate at any location along the wall is Wseai-m n;
(iii) the minimum distance between an edge of the at
least one element and an edge of the portion of the
wall sealed to the second substrate at any location
along the wall is Lm1n ; and (iv) WSeai-m n, Lmn, and
Tfht-meit satisfy the relationships: (a) Wseai-mm > 2
mm; (b) 0.2 m m < Lmm  2.0 mm; and (c) T fpt-melt  6.0
Tdegrade- 15. The package of Claim 14 wherein the at
least one temperature sensitive element is an
OLED-based display having a diagonal which is equal to
or greater than 14 inches. 16. A package comprising a
first glass substrate, a second glass substrate, a
wall that comprises a sintered glass frit and
separates the first and second substrates, and at
least one element that is sensitive to oxygen and/or
moisture and is hermetically sealed between the first
and second substrates by the wall, wherein the wall
comprises a plurality of isolated compartments, each
compartment comprising a plurality o f sub-walls which
are arranged sothat oxygen and/or moisture can readily
pass through the compartment only if at least two of
the sub-walls are breached. 17. The package of Claim
16 wherein the element is an organic light emitting
diode. 18. A package comprising a first glass
substrate, a second glass substrate, a wall that
separates the first and second substrates, and at
least one element that is sensitive to oxygen and/or
moisture and is hermetically sealed between the first
and second substrates by the wall, wherein the wall
comprises a plurality of sub-walls that comprise two
sub-walls comprised of sintered glass frit and a
sub-wall that (i) is comprised of an organic material
and (ii) is located between the two sub-walls
comprised of a sintered frit. 19. The package of Claim
18 wherein the organic material is an epoxy resin. 20.
The package of Claim 18 wherein the element is an
organic light emitting diode. 


