
COMPOUNDS AND METHODS FOR INHIBITING MITOTIC
PROGRESSION (Attorney Docket No. MPI04-043P2RNWO M)
BACKGROUND OF THE INVENTION Field of the Invention
[001] This invention relates to compounds and methods
for the treatment of cancer. In particular, the
invention provides compounds that inhibit Aurora
kinase enzymes, pharmaceutical compositions comprising
the compounds, and methods of using the compounds for
the treatment of cancer. Background of the Invention
[002] According to the American Cancer Society, an
estimated 1.4 million Americans were newly-diagnosed
with cancer in 2004 and about 560,000 victims died
from the disease. While medical advance have improved
cancer survival rates, there is a continuing need for
new and more effective treatment. [003] Cancer is
characterized by uncontrolled cell reproduction.
Mitosis is a stage in the cell cycle during which a
series of complex events ensure the fidelity of
chromosome separation into two daughter cells. Several
current cancer therapies, including the taxanes and
vinca alkaloids, act to inhibit the mitotic machinery.
Mitotic progression is largely regulated by
proteolysis and by phosphorylation events that are
mediated by mitotic kinases. Aurora kinase family
members (e.g., Aurora A, Aurora B, Aurora C) regulate
mitotic progression through modulation of centrosome
separation, spindle dynamics, spindle assembly
checkpoint, chromosome alignment, and cytokinesis
(Dutertre et al., Oncogene, 21: 6175 (2002); Berdnik
et al, Curr. Biol, 12: 640 (2002)). Overexpression
and/or amplification of Aurora kinases have been
linked to oncogenesis in several tumor types including
those of colon and breast (Warner et al, MoI. Cancer
Ther., 2: 589 (2003); Bischoff et al, EMBO, 17: 3062
(1998); Sen et al, Cancer Res., 94: 1320 (2002)).
Moreover, Aurora kinase inhibition in tumor cells
results in mitotic arrest and apoptosis, suggesting
that these kinases are important targets for cancer
therapy (Ditchfield, / . Cell Biol, 161: 267 (2003);
Harrington et al, Nature Med., 1 (2004)). Given the
central role of mitosis in the progression of
virtually all malignancies, inhibitors of the Aurora
kinases are expected to have application across a
broad range of human tumors. There is thus a need for
new Aurora kinase inhibitors.DESCRIPTION OF THE
INVENTION [004] This invention provides compounds that
inhibit Aurora kinase. These compounds are useful for
inhibiting Aurora kinase in vitro or in vivo, and are
especially useful for the treatment of cell
proliferative disorders, including cancer. The Aurora
kinase inhibitors of the invention have the formula
(A): or a pharmaceutically acceptable salt thereof,
wherein Ring A, Ring C, and each of the variables Ra,
Re, R R , R", Ry, and G have the values described
below. R is hydrogen, or R and R together form a bond.
R is hydrogen, or R forms a bond with either R or R .
Each of R* and Ry independently is hydrogen, fluoro,
or an optionally substituted C16 aliphatic; or Rx and
Ry, taken together with the carbon atom to which they
are attached, form an optionally substituted 3- to
6-membered cycloaliphatic ring; or R" and Rb together
form a bond. G is hydrogen, an optionally substituted
aliphatic, or Ring Bwhen R is hydrogen; and G is
hydrogen, -OR , -N(R )2, -SR , an optionally
substituted aliphatic, or Ring B when R and R together
form a bond. Ring A is a substituted or unsubstituted
5- or 6-membered aryl, heteroaryl, cycloaliphatic, or
heterocyclyl ring. Ring B is a substituted or
unsubstituted aryl, heteroaryl, cycloaliphatic, or
heterocyclyl ring.Ring C is a substituted or
unsubstituted aryl, heteroaryl, heterocyclyl, or
cycloaliphatic ring. Ra is hydrogen, -C(O)R1, -CO2R1,
-SO2R1, or a C1 3 aliphatic having 0-2 substituents
independently selected from R3 or R7. Re is hydrogen,
-OR5, -N(R4)2, -SR5, -NR4C(O)R5, -NR4C(O)N(R4) ,
-NR4CO2R6, -N(R4)SO2R6, -N(R^SO2N(R4) ,, or a C1 3
aliphatic optionally substituted with R3 or R7. R is
C16 aliphatic or an optionally substituted aryl,
heteroaryl, or heterocyclyl group. Each R
independently is selected from the group consisting of
-halo, -OH, -0(C 1 3 alkyl), -CN, -N(R4)2, -C(O)(C1-3
alkyl), -CO2H, -CO2(C1-3 alkyl), -C(O)NH 2, and
-C(O)NH(C 1-3 alkyl). Each R4 independently is
hydrogen or an optionally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group; or two R on the
same nitrogen atom, taken together with the nitrogen
atom, form an optionally substituted 5- to 6-membered
heteroaryl or 4- to 8-membered heterocyclyl ring
having, in addition to the nitrogen atom, 0-2 ring
heteroatoms selected from N, O, and S. Each R
independently is hydrogen or an optionally substituted
aliphatic, aryl, heteroaryl, or heterocyclyl group. ,
6 . Each R independently is an optionally substituted
aliphatic or aryl group. Each R independently is an
optionally substituted aryl, heterocyclyl, or
heteroaryl group. [005] The invention further provides
pharmaceutical compositions comprising a compound of
formula (A), as well as uses of the claimed compounds
for inhibiting Aurora kinase activity and for treating
Aurora kinase-mediated disorders. [006] Compounds of
this invention include those described generally
above, and are further illustrated by the classes,
subclasses, and species disclosed herein. Terms used
herein shall be accorded the following defined
meanings, unless otherwise indicated. 



[007] As used herein, the term "Aurora kinase" refers
to any one of a family of related serine/threonine
kinases involved in mitotic progression. A variety of
cellularproteins that play a role in cell division are
substrates for phosphorylation by Aurora kinase
enzymes, including, without limitation, histone H3, p
53, CENP-A, myosin II regulatory light chain, protein
phosphatase-l, TPX-2, INCENP, survivin, topoisomerase
II alpha, vimentin, MBD-3, MgcRacGAP, desmin, Ajuba,
XIEg5 (in Xenopus), NdclOp (in budding yeast), and
D-TACC (in Drosophila). Aurora kinase enzymes also are
themselves substrates for autophosphorylation, e.g.,
at Thr288. Unless otherwise indicated by context, the
term "Aurora kinase" is meant to refer to any Aurora
kinase protein from any species, including, without
limitation, Aurora A, Aurora B, and Aurora C,
preferably Aurora A or B. Preferably, the Aurora
kinase is a human Aurora kinase. [008] The term
"Aurora kinase inhibitor" or "inhibitor of Aurora
kinase" is used to signify a compound having a
structure as defined herein, which is capable of
interacting with an Aurora kinase and inhibiting its
enzymatic activity. Inhibiting Aurora kinase enzymatic
activity means reducing the ability of an Aurora
kinase to phosphorylate a substrate peptide or
protein. In various embodiments, such reduction of
Aurora kinase activity is at least about 50%, at least
about 75%, at least about 90%, at least about 95%, or
at least about 99%. In various embodiments, the
concentration of Aurora kinase inhibitor required to
reduce an Aurora kinase enzymatic activity is less
than about 1 mM, less than about 500 nM, less than
about 100 nM, or less than about 50 nM. [009] In some
embodiments, such inhibition is selective, i.e., the
Aurora kinase inhibitor reduces the ability of an
Aurora kinase to phosphorylate a substrate peptide or
protein at a concentration that is lower than the
concentration of the inhibitor that is required to
produce another, unrelated biological effect, e.g.,
reduction of the enzymatic activity of a different
kinase. In some embodiments, the Aurora kinase
inhibitor also reduces the enzymatic activity of
another kinase, preferably one that is implicated in
cancer. [010] The term "about" is used herein to mean
approximately, in the region of, roughly, or around.
When the term "about" is used in conjunction with a
numerical range, it modifies that range by extending
the boundaries above and below the numerical values
set forth. In general, the term "about" is used herein
to modify a numerical value above and below the stated
value by a variance of 10%. [011] As used herein, the
term "comprises" means "includes, but is not limited
to."[012] The term "aliphatic", as used herein, means
straight-chain, branched or cyclic C112 hydrocarbons
which are completely saturated or which contain one or
more units of unsaturation, but which are not
aromatic. For example, suitable aliphatic groups
include substituted or unsubstituted linear, branched
or cyclic alkyl, alkenyl, or alkynyl groups and
hybrids thereof, such as (cylcoalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl. In various
embodiments, the aliphatic group has 1 to 12, 1 to 8,
1 to 6, 1 to 4, or 1 to 3 carbons. [013] The terms
"alkyl", "alkenyl", and "alkynyl", used alone or as
part of a larger moiety, refer to a straight and
branched chain aliphatic group having from 1 to 12
carbon atoms. For purposes of the present invention,
the term "alkyl" will be used when the carbon atom
attaching the aliphatic group to the rest of the
molecule is a saturated carbon atom. However, an alkyl
group may include unsaturation at other carbon atoms.
Thus, alkyl groups include, without limitation,
methyl, ethyl, propyl, allyl, propargyl, butyl,
pentyl, and hexyl. [014] For purposes of the present
invention, the term "alkenyl" will be used when the
carbon atom attaching the aliphatic group to the rest
of the molecule forms part of a carbon-carbon double
bond. Alkenyl groups include, without limitation,
vinyl, 1-propenyl, 1-butenyl, 1-pentenyl, and
1-hexenyl. [015] For purposes of the present
invention, the term "alkynyl" will be used when the
carbon atom attaching the aliphatic group to the rest
of the molecule forms part of a carbon-carbon triple
bond. Alkynyl groups include, without limitation,
ethynyl, 1-propynyl, 1-butynyl, 1-pentynyl, and
1-hexynyl. [016] The terms "cycloaliphatic",
"carbocycle", "carbocyclyl", "carbocyclo", or
"carbocyclic", used alone or as part of a larger
moiety, refer to a saturated or partially unsaturated
cyclic aliphatic ring system having from 3 to about 14
members, wherein the aliphatic ring system is
optionally substituted. Cycloaliphatic groups include,
without limitation, cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
cycloheptyl, cycloheptenyl, cyclooctyl, cyclooctenyl,
and cyclooctadienyl. In some embodiments, the
cycloalkyl has 3 to 6 carbons. The terms
"cycloaliphatic", "carbocycle", "carbocyclyl",
"carbocyclo", or "carbocyclic" also include aliphatic
rings that are fused to one or more aromatic or
nonaromatic rings, such as decahydronaphthyl or
tetrahydronaphthyl, where the radical or point of
attachment is on the aliphatic ring.[017] The terms
"haloaliphatic", "haloalkyl", "haloalkenyl" and
"haloalkoxy" refer to an aliphatic, alkyl, alkenyl or
alkoxy group, as the case may be, substituted with one
or more halogen atoms. As used herein, the term
"halogen" or "halo" means F, Cl, Br, or I . [018] The
terms "aryl" and "ar-", used alone or as part of a
larger moiety, e.g., "aralkyl", "aralkoxy", or
"aryloxyalkyl", refer to a C6 to C14 aromatic moiety
comprising one to three aromatic rings, which are
optionally substituted. Preferably, the aryl group is
a CM0 aryl group. Aryl groups include, without
limitation, phenyl, naphthyl, and anthracenyl. The
term "aryl", as used herein, also includes groups in
which an aromatic ring is fused to one or more
heteroaryl, cycloaliphatic, or heterocyclyl rings,
where the radical or point of attachment is on the
aromatic ring. Nonlimiting examples of such fused ring
systems include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
carbazolyl, acridinyl, phenazinyl, phenothiazinyl,
phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, fluorenyl, indanyl,
phenanthridinyl, 



tetrahydronaphthyl, indolinyl, phenoxazinyl,
benzodioxanyl, and benzodioxolyl. An aryl group may be
mono-, bi-, tri-, or polycyclic, preferably mono-,
bi-, or tricyclic, more preferably mono- or bicyclic.
The term "aryl" may be used interchangeably with the
terms "aryl group", "aryl ring", and "aromatic ring".
[019] An "aralkyl" or "arylalkyl" group comprises an
aryl group covalently attached to an alkyl group,
either of which independently is optionally
substituted. Preferably, the aralkyl group is C6 10
aryl(C1 )alkyl, including, without limitation, benzyl,
phenethyl, and naphthylmethyl . [020] The terms
"heteroaryl" and "heteroar-", used alone or as part of
a larger moiety, e.g., heteroaralkyl, or
"heteroaralkoxy", refer to aromatic groups having 5 to
14 ring atoms, preferably 5, 6, 9, or 10 ring atoms;
having 6, 10, or 14 p electrons shared in a cyclic
array; and having, in addition to one or more carbon
atoms, from one to four heteroatoms. The term
"heteroatom" refers to nitrogen, oxygen, or sulfur,
and includes any oxidized form of nitrogen or sulfur,
and any quaternized form of a basic nitrogen.
Heteroaryl groups include, without limitation,
thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
indolizinyl, purinyl, naphthyridinyl, and pteridinyl.
The terms "heteroaryl" and "heteroar-", as used
herein, also include groups in which a heteroaromatic
ring is fused to one or more aryl, cycloaliphatic, or
heterocyclyl rings, wherethe radical or point of
attachment is on the heteroaromatic ring. Nonlimiting
examples include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
4H-quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and
pyrido[2,3-b]-l,,4-oxazin- 3(4H)-one. A heteroaryl
group may be mono-, bi-, tri-, or polycyclic,
preferably mono-, bi-, or tricyclic, more preferably
mono- or bicyclic. The term "heteroaryl" may be used
interchangeably with the terms "heteroaryl ring",
"heteroaryl group", or "heteroaromatic", any of which
terms include rings that are optionally substituted.
The term "heteroaralkyl" refers to an alkyl group
substituted by a heteroaryl, wherein the alkyl and
heteroaryl portions independently are optionally
substituted. [021] As used herein, the terms
"heterocycle", "heterocyclyl", "heterocyclic radical",
and "heterocyclic ring" are used interchangeably and
refer to a stable 3- to 7-membered monocyclic, or to a
fused 7- to 10-membered or bridged 6- to 10-membered
bicyclic heterocyclic moiety that is either saturated
or partially unsaturated, and having, in addition to
carbon atoms, one or more, preferably one to four,
heteroatoms, as defined above. When used in reference
to a ring atom of a heterocycle, the term "nitrogen"
includes a substituted nitrogen. As an example, in a
saturated or partially unsaturated ring having 0-3
heteroatoms selected from oxygen, sulfur or nitrogen,
the nitrogen may be N (as in 3,4-
dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or +NR
(as in N-substituted pyrrolidinyl). [022] A
heterocyclic ring can be attached to its pendant group
at any heteroatom or carbon atom that results in a
stable structure, and any of the ring atoms can be
optionally substituted. Examples of such saturated or
partially unsaturated heterocyclic radicals include,
without limitation, tetrahydrofuranyl,
tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl,
piperidinyl, pyrrolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, decahydroquinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl,
diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and
quinuclidinyl. The terms "heterocycle",
"heterocyclyl", "heterocyclyl ring", "heterocyclic
group", "heterocyclic moiety", and "heterocyclic
radical", are used interchangeably herein, and also
include groups in which a heterocyclyl ring is fused
to one or more aryl, heteroaryl, or cycloaliphatic
rings, such as indolinyl, 3H-indolyl, chromanyl,
phenanthridinyl, or tetrahydroquinolinyl, where the
radical or point of attachment is on the heterocyclyl
ring. A heterocyclyl group may be mono-, bi-, tri-, or
polycyclic, preferably mono-, bi-, or tricyclic, more
preferably mono- or bicyclic. The term
"heterocyclylalkyl"refers to an alkyl group
substituted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally
substituted. [023] As used herein, the term "partially
unsaturated" refers to a ring moiety that includes at
least one double or triple bond between ring atoms.
The term "partially unsaturated" is intended to
encompass rings having multiple sites of unsaturation,
but is not intended to include aryl or heteroaryl
moieties, as herein defined. [024] The term "linker
group" or "linker" means an organic moiety that
connects two parts of a compound. Linkers typically
comprise an atom such as oxygen or sulfur, a unit such
as -NH-, -CH2-, -C(O)-, -C(O)NH-, or a chain of atoms,
such as an alkylene chain. The molecular mass of a
linker is typically in the range of about 14 to 200,
preferably in the range of 14 to 96 with a length of
up to about six atoms. In some embodiments, the linker
is a C16 alkylene chain. [025] The term "alkylene"
refers to a bivalent alkyl group. An "alkylene chain"
is a polymethylene group, i.e., -(CH2)n-, wherein n is
a positive integer, preferably from 1 to 6, from 1 to
4, from 1 to 3, from 1 to 2, or from 2 to 3. A
substituted alkylene chain is a polymethylene group in
which one or more methylene hydrogen atoms is replaced
with a substituent. Suitable substituents include
those described below for a substituted aliphatic
group. An alkylene chain also may be substituted at
one or more positions with an aliphatic group or a
substituted aliphatic group. [026] An alkylene chain
also can be optionally interrupted by a functional
group. An alkylene chain is "interrupted" by a
functional group when an internal methylene unit is
replaced with the functional group. Examples of
suitable "interrupting functional groups" include
-C(R*)=C(RL)-, -C C-, -O-, -S-, -S(O)-, -S(O)2-,
-S(O)2N(R+)-, -N(R*)-, -N(R+)CO-, -N(R+)C(O)N(R+)-,
-N(R+)CO2-, -C(O)N(R+)-, -C(O)-, -C(O)-C(O)-, -CO2-,
-OC(O)-, -OC(O)O-, 



-OC(O)N(R+)-, -C(NR+)=N, -C(OR*)=N-, -N(R+)-N(R>, or
-N(R+)S(O)2- . Each R+, independently, is hydrogen or
an optionally substituted aliphatic, aryl, heteroaryl,
or heterocyclyl group, or two R+ on the same nitrogen
atom, taken together with the nitrogen atom, form a
5-8 membered aromatic or non-aromatic ring having, in
addition to the nitrogen atom, 0-2 ring heteroatoms
selected from N, O, and S. Each R* independently is
hydrogen or an optionally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group.Each RL
independently is hydrogen -CO2R*, -C(O)N(R+).,, or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group. [027] Examples of C3 6 alkylene
chains that have been "interrupted" with -Oinclude
-CH2OCH2-, -CH2O(CH2V, -CH2O(CH2)3-, -CH2O(CH2)4-,
-(CHJ 2OCH2-, -(CH2)2O(CH2)2-, -(CH2)2O(CH2)3-,
-(CH2)3O(CH2)-, -(CH2)3O(CH2)2- , and -(CH2)P(CH 2)-.
Other examples of alkylene chains that are
"interrupted" with functional groups include
-CH2GCH2-, -CH2G(CH2)2-, -CH2G(CH2V , -CH2G(CH2V ,
-(CH 2GCH2-, -(CHJ 2G(CH2V , -(CHJ 2G(CH2V , -(CHJ
3G(CHJ-, -(CHJ 3G(CHJ 2- , and -(CH2 4G(CH2)-, wherein
G is one of the "interrupting" functional groups
listed above. [028] The term "substituted", as used
herein, means that one or more hydrogens of the
designated moiety are replaced, provided that the
substitution results in a stable or chemically
feasible compound. A stable compound or chemically
feasible compound is one in which the chemical
structure is not substantially altered when kept at a
temperature from about -80 0C to about +40 0C, in the
absence of moisture or other chemically reactive
conditions, for at least a week, or a compound which
maintains its integrity long enough to be useful for
therapeutic or prophylactic administration to a
patient. The phrase "one or more substituents", as
used herein, refers to a number of substituents that
equals from one to the maximum number of substituents
possible based on the number of available bonding
sites, provided that the above conditions of stability
and chemical feasibility are met. [029] An aryl
(including the aryl moiety in aralkyl, aralkoxy,
aryloxyalkyl and the like) or heteroaryl (including
the heteroaryl moiety in heteroaralkyl and
heteroaralkoxy and the like) group may contain one or
more substituents. Examples of suitable substituents
on the unsaturated carbon atom of an aryl or
heteroaryl group include -halo, -NO2, -CN, -R*,
-C(R*)=C(R*)(RL), -CC-RL, -OR*, -SR, -S(O)R0, -SO2R0,
-SO3R*, -SO2N(R+V -N(R+)2, -NR+C(O)R*, -NR+C(O)N(R+) ,
-NR+CO2R0, -O-CO2R*, -OC(O)N(R+V -Q-C(O)R*, -CO2R*,
-C(O)-C(O)R*, -C(O)R*, -C(O)N(R+V
-C(O)N(R+)C(=NR+)-N(R+)2, -N(R+)C(=NR+)-N(R+)-C(O)R*,
-C(=NR+)-N(R+)2, -C(=NR+)-OR*, -N(R+)-N(R+)2,
-N(R+)C(=NR+)-N(R+V -NR+SO2R0, -NR+SO2N(R+) ,
-P(O)(R*)2, -P(O)(OR*)2, -0-P(O)-OR*, and
-P(O)(NR+)-N(R+V or two adjacent substituents, taken
together with their intervening atoms, form a 5-6
membered unsaturated or partially unsaturated ring
having 0-3 ringatoms selected from the group
consisting of N, O, and S. In such substituents, R is
an optionally substituted aliphatic or aryl group, and
R+, R*, and RL are as defined above. [030] An
aliphatic group or a non-aromatic heterocyclic ring
may be substituted with one or more substituents.
Examples of suitable substituents on the saturated
carbon of an aliphatic group or of a non-aromatic
heterocyclic ring include, without limitation, those
listed above for the unsaturated carbon of an aryl or
heteroaryl group and the following: =O, =S, =C(R*)2,
=N-NHR*, =N-N(R% =N-OR*, =N-NHC(O)R*, =N-NHCO 2R,
=N-NHSO2R, or =N-R*, where each R* and R is as defined
above. [031] Suitable substituents on the nitrogen
atom of a non-aromatic heterocyclic ring include -R*,
-N(R*)2, -C(O)R*, -CO2R*, -C(O)-C(O)R* -C(O)CH2C(O)R*,
-SO2R*, -SO2N(R*)2, -C(=S)N(R*)2, -C(=NH)-N(R% and
-NR*SO2R*; wherein each R* is as defined above. [032]
It will be apparent to one skilled in the art that
certain compounds of this invention may exist in
tautomeric forms, all such tautomeric forms of the
compounds being within the scope of the invention.
Unless otherwise stated, structures depicted herein
are also meant to include all stereochemical forms of
the structure; i.e., the R and S configurations for
each asymmetric center. Therefore, single
stereochemical isomers as well as enantiomeric and
diastereomeric mixtures of the present compounds are
within the scope of the invention. By way of example,
the compounds of formula (A) wherein R is hydrogen can
have R or S configuration at the carbon atom bearing
Ring B. Both the R and the S stereochemical isomers,
as well as all mixtures thereof, are included within
the scope of the invention. [033] Unless otherwise
stated, structures depicted herein are also meant to
include compounds which differ only in the presence of
one or more isotopically enriched atoms. For example,
compounds having the present structure except for the
replacement of a hydrogen atom by a deuterium or
tritium, or the replacement of a carbon atom by a C-
or u C-enriched carbon are within the scope of the
invention. [034] Unless otherwise stated, structures
depicted herein are also meant to include solvated and
hydrated forms of the depicted compounds. Also
included within the scope of the invention are
pharmaceutically acceptable salts of compounds of
formula (L), as well as solvated and hydrated forms of
such salts.[035] Some embodiments of the invention
relate to compounds of formula (A) where Re is
hydrogen, -OR 5, -N(R 4)2, -SR 5, -KR 4C(O)R 5, -NR
4C(O)N(R 4) ,, -NR 4CO2R6, -N(R 4)SO 2R6, -N(R 4)SO
2N(R 4)2, or a C1 3 aliphatic optionally substituted
with R3 or R7. In some embodiments, Re is hydrogen or
a C1 3 aliphatic optionally substituted with one R or
R . In certain embodiments, Re is hydrogen. [036] In
some embodiments, Rx and Ry are each independently
selected from hydrogen, fluoro, or a C1 6 aliphatic
optionally substituted with one or two R . In some
other embodiments, R and Ry, taken together with the
carbon atom to which they are attached, form an
optionally substituted 3- to 6-membered cycloaliphatic
ring. In some other embodiments, Rx and R together
form a bond. In some embodiments, Rx and Ry are each
hydrogen. In certain embodiments, Rx, Ry, and Re are
each hydrogen. 



[037] Some embodiments of the invention relate to
compounds of formula (A) wwhheerree Rn iiss
hhyyddrrooggeenn,, R iiss hhyyddrrooggeenn oorr R
aanndd RR"" ttooggeetther form a bond, and G is
hydrogen, an optionally substituted aliphatic, or Ring
B. [038] Some other embodiments relate to compounds of
formula (A), where R l and R together form a bond, and
G is hydrogen, -SR , -OR , -N(R 4)2, or an optionally
substituted aliphatic. In such embodiments, G
preferably is hydrogen, -OR , -N (R 2, or an
optionally substituted aliphatic. More preferably, G
is -H, -OH, -NH 2, -0(C 1 3 alkyl), -NH(C 1-3 alkyl),
-N(C 1-3 alkyl)., C1-3 alkyl, C 1-3 fluoroalkyl, -O-I
L R7, -N(C 1-3 alkyl)-l R7, or-l R7, where L1 is a
covalent bond or C1-3 alkylene. [039] Other
embodiments of the invention relate to a subgenus of
the compounds of formula (A) characterized by formula
[A-I):or a pharmaceutically acceptable salt thereof,
where the variables Re, R", and Ry are as defined
above for formula (A). Values and preferred values for
Rings A, B, and C in formulae (A) and (A-T) are
described below. [040] Ring A is a substituted or
unsubstituted 5- or 6-membered aryl, heteroaryl,
cycloaliphatic, or heterocyclyl ring. Examples of Ring
A include furano, dihydrofurano, thieno,
dihydrothieno, cyclopenteno, cyclohexeno, 2H-pyrrolo,
pyrrolo, pyrrolino, pyrrolidine oxazolo, thiazolo,
imidazolo, imidazolino, imidazolidino, pyrazolo,
pyrazolino, pyrazolidino, isoxazolo, isothiazolo,
oxadiazolo, triazolo, thiadiazolo, 2H-pyrano,
4Hpyrano, benzo, pyridino, piperidino, dioxano,
morpholino, dithiano, thiomorpholino, pyridazino,
pyrimidino, pyrazino, piperazino, and triazino, any of
which groups may be substituted or unsubstituted.
Preferred values for Ring A include, without
limitation, substituted or unsubstituted rings
selected from the group consisting of furano, thieno,
pyrrolo, oxazolo, thiazolo, imidazolo, pyrazolo,
isoxazolo, isothiazolo, triazolo, benzo, pyridino,
pyridazino, pyrimidino, and pyrazino. [041] Ring A may
be substituted or unsubstituted. In some embodiments,
each substitutable saturated ring carbon atom in Ring
A is unsubstituted or is substituted with =O, =S,
=C(R5)2, =N-N(R4)2, =N-OR5, =N-NHC(O)R 5, =N-NHCO 2R6,
=N-NHSO2R6, =N-R5 or -R , where R , R , R , and R are
as defined below. Each substitutable unsaturated ring
carbon atom in Ring A is unsubstituted or substituted
with -Rb. Each substitutable ring nitrogen atom in
Ring A is unsubstituted or is substituted with -R9 ,
and one ring nitrogen atom in Ring A optionally is
oxidized. Each R9b independently is -C(O)R5,
-C(O)N(R4)2, -CO2R6, -SO2R6, -SO2N(R4) ,, or a C1 4
aliphatic optionally substituted with R3 or R7.[042]
Each R independently is R , an optionally substituted
aliphatic, or an optionally substituted aryl,
heterocyclyl, or heteroaryl group; or two adjacent R ,
taken together with the intervening ring atoms, form
an optionally substituted fused 4- to 8-membered
aromatic or non-aromatic ring having 0-3 ring
heteroatoms selected from the group consisting of O,
N, and S. [043] Each R2b independently is -halo, -NO2,
-CN, - R R5) , - R R XR10), -C C-R5, -CC-R10, -OR5,
-SR6, -S(O)R6, -SO2R6, -SO2N(R4)2, -N(R4)2,
-NR4C(O)R5, -NR4C(O)N(R4) , -NR4CO2R6, -O-CO2R5,
-OC(O)N(R4)2, -O-C(O)R5, -CO2R5, -C(O)-C(O)R5,
-C(O)R5, -C(O)N(R4)2, -C(-NR 4)-N(R4)2, -Q=NR 4VOR5,
-N(RVN(R 4) , N(R4)C(=NR4)-N(R4)2, -N(R4)SO2R6,
-N(R4)SO2N(R4)2, -P(O)(R5)2, or -P(O)(OR5)2. [044]
Each R independently is selected from the group
consisting of -halo, -OH, -0(C 1 3 alkyl), -CN, -N(R4)
, -C(O)(C1-3 alkyl), -CO2H, -CO2(C1 3 alkyl),
-C(O)NH2, and -C(O)NH(C1-3 alkyl). -.4 . [045] Each R
independently is hydrogen or an optionally substituted
aliphatic, aryl, heteroaryl, or heterocyclyl group; or
two R on the same nitrogen atom, taken together with
the nitrogen atom, form an optionally substituted 5-
to 6-membered heteroaryl or 4- to 8-membered
heterocyclyl ring having, in addition to the nitrogen
atom, 0-2 ring heteroatoms selected from N, O, and S.
[046] Each R5 independently is hydrogen or an
optionally substituted aliphatic, aryl, heteroaryl, or
heterocyclyl group; , 6 . [047] Each R independently
is an optionally substituted aliphatic or aryl group;
[048] Each R-.7 independently is an optionally
substituted aryl, heterocyclyl, or heteroaryl group;
[049] Each R10 independently is -CO2R5 or -C(O)N(R4)2.
[050] In some embodiments, each R independently is
selected from the group consisting of C1 aliphatic,
C1-6 fluoroaliphatic, -R2b, -R715, -T1-R2b, and -T'-R
; or two adjacent R , taken together with the
intervening ring atoms, form an optionally substituted
fused 4- to 8-membered aromatic or non-aromatic ring
having 0-3 ring heteroatoms selected from thegroup
consisting of O, N, and S. The variable R2 is as
described above, and T1 and R are described below. T1
is a Cj_6 alkylene chain optionally substituted with R
or R , wherein T1or a portion thereof optionally forms
part of a 3- to 7-membered ring. Each R independently
is selected from the group consisting of -halo, -OH,
-0(C 1 3 alkyl), -CN, -N(R4 2, -C(O)(C1 3 alkyl),
-CO2H, -CO2(C1-3 alkyl), -C(O)NH2, and -C(O)NH(C1-3
alkyl). Each R independently is a C13 aliphatic
optionally substituted with R or R , or two
substituents R on the same carbon atom, taken together
with the carbon atom to which they are attached, form
a 3- to 6-membered carbocyclic ring. Each R
independently is an optionally substituted aryl,
heteroaryl, or heterocyclyl group. [051] In some
embodiments, Ring A is substituted with 0-3, 0-2, or
0-1 substituents R , wherein the substituents R may be
the same or different. In some embodiments, each R
independently is selected from the group consisting of
C1-3 aliphatic, R , R , -T -R , and - 



T R71 , where T1 is a C1-3 alkylene chain optionally
substituted with fluoro. In some embodiments, two
adjacent R , taken together with the intervening ring
carbon atoms, form an optionally substituted fused 4-
to 8-membered aromatic or non-aromatic ring having 0-3
ring heteroatoms selected from the group consisting of
O, N, and S. In some embodiments, each R independently
is selected from the group consisting of C1-3
aliphatic, R , and -T -R , where T is a C1-3 alkylene
chain, optionally substituted with fluoro. In some
such embodiments, each R2 independently is selected
from the group consisting of -halo, -NOv
-C(R5)=C(R5)2, -C C-R5, -OR5, and -N(R4)2. [052] In
some embodiments, Ring A is substituted by 0-2
substituents R . In some such embodiments, each R
independently is C13 aliphatic or R , and each R
independently is selected from the group consisting of
-halo, -NO2, -C(R5J=C(R )2, -CC-R , -OR , and -N(R )2.
In some embodiments, each Rb i.ndependently is
selected from the group consisting of -halo, C13
aliphatic, C 5 . 1-3 fluoroaliphatic, and -OR , where
R is hydrogen orC13 aliphatic. In certain preferred
embodiments, Ring A is substituted with 0, 1, or 2
substituents, preferably 0 or 1 substituents,
independently selected from the group consisting of
chloro, fluoro, bromo, methyl, trifluoromethyl, and
methoxy. [053] Certain examples of Ring A moieties are
shown in Table 1. For ease of viewing, the optional
substituents R on ring carbon atoms and R on ring
nitrogen atoms are not shown. Table 1. Examples of
Ring A Moieties A-I A-2 A-3 A-4 A-5 A-6 A-7 A-8 A-9
A-10 A-Il A-12 A-17 A-18 A-19 A-20 A-21 A-22 A-23
A-24A-25 A-26 A-27 A-28 A-29 A-30 A-31 A-32 A-37 A-38
A-39 A-40 A-41 A-42 A-43 A-44 A-45 A-46 A-47 [054] In
some embodiments, two adjacent R on one of the above
Ring A moieties, taken together with the intervening
ring atoms, form an optionally substituted fused 4- to
8-membered aromatic or nonaromatic fused ring, so that
Ring A is a bicyclic moiety. Certain examples of such
bicyclic moieties are shown in Table 2, any of which
moieties optionally is substituted on any
substitutable ring carbon atom and any substitutable
ring nitrogen atom.Table 2. Examples of Bicyclic Ring
A Moieties A-48 A-49 A-50 A-51 A-52 A-53 A-54 A-55
A-60 A-61 A-62 A-63 A-64 [055] In some embodiments,
the invention relates to a compound of formula (B):or
a pharmaceutically acceptable salt thereof, wherein
Ring A is substituted with 0-3 R . Rings B and C and
the variables Re, R", and Ry are as defined above for
formula (A). [056] In certain such embodiments, Ring A
has the formula A-i: A-i wherein each of R and R
independently is hydrogen or R . In some embodiments,
each of R and R independently is selected from the
group consisting of hydrogen, -halo, C13 aliphatic,
C13 fluoroaliphatic, and -OR , where R is hydrogen or
C13 aliphatic. In certain embodiments, each of R and R
independently is selected from the group consisting of
hydrogen, chloro, fluoro, bromo, methyl,
trifluoromethyl, and methoxy. In some other
embodiments, R and R , taken together with the
intervening ring carbon atoms, form an optionally
substituted fused 4- to 8-membered aromatic or
non-aromatic ring having 0-3 ring heteroatoms selected
from the group consisting of O, N, and S. [057] In the
compounds of formulae (A), (A-T), and (B) above, Ring
B is a mono-, bi-, or tricyclic ring system. In some
embodiments, the point of attachment for Ring B to the
rest of the formula is on an aryl or heteroaryl ring
of the Ring B moiety. In other embodiments, the point
of attachment is on an heterocydyl or cycloaliphatic
ring. Preferably, Ring B is mono- or bicyclic. [058]
Each substirutable saturated ring carbon atom in Ring
B is unsubstituted or is substituted with =O, =S,
=C(R5)2, =N-N(R4)2, =N-OR5, =N-NHC(O)R 5, =N-NHCO2R6,
=N-NHSO2R6, =N-R5 or -Rc. Each substirutable
unsaturated ring carbon atom in Ring B is
unsubstituted or substituted with -Rc. Each
substirutable ring nitrogen atom in Ring B is
unsubstituted or is substituted with -R c, and one
ring nitrogen atom in Ring B optionally is oxidized.
Each R9c independently is -C(O)R5, -C(O)N(R4)2,
-CO2R6, -SO2R6, -SO2N(R4) , or a C1 aliphatic
optionally substituted with R3 or R7. Ring B may be
unsubstituted or may be substituted on any one or more
of its component rings, wherein the substituents may
be the same or different. In some embodiments, Ring B
is substituted with 0-2 independentlyselected Rc and
0-3 independently selected R c or C16 aliphatic
groups. The variables R , R , R5, R6, and R7 are as
defined above for Ring A, and Rc and R c are defined
below. [059] Each Rc independently is R2c, an
optionally substituted C1-6 aliphatic, or an
optionally substituted aryl, heteroaryl, or
heterocyclyl group. [060] Each R2c independently is
-halo, -NO2, -CN, -C(RVC(R 5)2, -C(R 5)=C(R 5)(R 10),
-CC-R5, -CC-R10, -OR5, -SR6, -S(O)R6, -SO2R6,
-SO2N(R4)2, -N(R4)2, -NR4C(O)R5, -NR4C(O)N(R4) ,
-NR4CO2R6, -O-CO2R5, -OC(O)N(R4)2, -O-C(O)R5, -CO2R5,
-C(O)-C(O)R5, -C(O)R5, -C(O)N(R4)2, -C(=NR4)-N(R4)2,
-C(=NR4)-OR5, -N(R4 -N(R4) , -N(R4)C(=NR4)-N(R4)2,
-N(R4)SO2R6, -N(R4)SO2N(R4)2, -P(O)(R5)2, or
-P(O)(OR5)2. [061] In some embodiments, each Rc
independently is selected from the group consisting of
C1 aliphatic, R c, R c, -T -R c, and -T -R L, where R
is as described above and T and R7c are described
below. 



T is a C1 alkylene chain optionally substituted with R
or R , wherein T or a portion thereof optionally forms
part of a 3- to 7-membered ring. Each R3 independently
is selected from the group consisting of -halo, -OH,
-0(C 1 3 alkyl), -CN, -N(R4)2, -C(O)(C1-3 alkyl),
-CO2H, -CO2(C1-3 alkyl), -C(O)NH2, and -C(O)NH(C 1-3
alkyl). Each R independently is a C1-3 aliphatic
optionally substituted with R or R , or two
substituents R on the same carbon atom, taken together
with the carbon atom to which they are attached, form
a 3- to 6-membered carbocyclic ring. Each R c
independently is an optionally substituted aryl,
heterocyclyl, or heteroaryl group. [062] In some
embodiments, each Rc independently is selected from
the group consisting of C1-3 aliphatic, R c, R c, -T
-R c, and -T -R c, where T is a C1-3 alkylene chain
optionally substituted with fluoro. In some
embodiments, each Rc independently is selected from
the group consisting of C1-3 aliphatic, R2c, and
-T1-R2c, where T1 is a C1-3 alkylene chainoptionally
substituted with fluoro. In some such embodiments,
each R c independently is selected from the group
consisting of -halo, -NO2, -C(R5)=QR 5)2, -CC-R5,
-OR5, and -N(R4) . [063] In some embodiments, Ring Bis
a substituted or unsubstituted mono- or bicyclic aryl
or heteroaryl ring selected from the group consisting
of furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, triazolyl, thiadiazolyl, phenyl, pyridyl,
pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl,
indolizinyl, indolyl, isoindolyl, indazolyl,
benzo[b]furanyl, benzo[b]thienyl, benzimidazolyl,
benzthiazolyl, benzoxazolyl, purinyl, quinolyl,
isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl,
quinoxalinyl, naphthyridinyl, and pteridinyl. [064] In
some embodiments, Ring Bis a monocyclic 5- or
6-membered aryl or heteroaryl ring, substituted with
0-2 independently selected Rc and 0-2 independently
selected R c or C1 6 aliphatic groups. In certain such
embodiments, Ring Bis a substituted or unsubstituted
phenyl or pyridyl ring. [065] In some embodiments,
Ring Bis substituted with 0-2 substituents Rc. In some
such embodiments, each Rc independently is C13
aliphatic or R c, and each R c independently is
selected from the group consisting of -halo, -NO2,
-C(R )=C(R )2, -CC-R , -OR , and -N(R4)2. In some
embodiments, each Rc independently is selected from
the group consisting of -halo, C1 aliphatic, C1 3
haloaliphatic, and -OR , where R is hydrogen or C13
aliphatic. In certain preferred embodiments, Ring Bis
substituted with 0, 1, or 2 substituents,
independently selected from the group consisting of
chloro, fluoro, bromo, methyl, trifluoromethyl, and
methoxy. [066] In some embodiments, Ring Bhas the
formula B-i: B-i wherein each of Rc and -Rn cc
independently is hydrogen or Rc. In some embodiments,
each of R and R independently is selected from the
group consisting of hydrogen, -halo, C13 aliphatic,
C1-3 fluoroaliphatic, and -OR , where R is hydrogen or
C1-3 aliphatic. In certainembodiments, each of Rc and
Rc5 independently is selected from the group
consisting of hydrogen, chloro, fluoro, bromo, methyl,
trifluoromethyl, and methoxy. [067] In the compounds
of formulae (A), (A-I), and (B) above, Ring C is a
substituted or unsubstituted mono-, bi-, or tricyclic
ring system. In some embodiments, the point of
attachment for Ring C to the rest of the formula is on
an aryl or heteroaryl ring of the Ring C moiety. In
other embodiments, the point of attachment is on a
heterocyclyl or cycloaliphatic ring. Preferably, Ring
C is mono-, or bicyclic. [068] Each substitutable
saturated ring carbon atom in Ring C is unsubstituted
or is substituted with =O, =S, =C(R5)2, =N-N(R4)2,
-N-OR 5, =N-NHC(O)R 5, =N-NHCO 2R6, =N-NHSO2R6, =N-R5
or -Rd. Each substitutable unsaturated ring carbon
atom in Ring C is unsubstituted or substituted with -R
. Each substitutable ring nitrogen atom in Ring C is
unsubstituted or is substituted with -R , and one ring
nitrogen atom in Ring C optionally is oxidized. Each
R9d independently is -C(O)R5, -C(O)N(R4)2, -CO2R6,
-SO2R6, -SO2N(R4)2, or a C14 aliphatic optionally
substituted with R or R . Ring C may be unsubstituted
or may be substituted on any one or more of its
component rings, wherein the substituents may be the
same or different. In some embodiments, Ring C is
substituted with 0-2 independently selected R and 0-3
independently selected R or C16 aliphatic groups. The
variables R , R , R , R , and R are as described above
for Rings A and B. The variables R and R are described
below. [069] Each R independently is R , an optionally
substituted aliphatic, or an optionally substituted
aryl, heteroaryl, or heterocyclyl group. [070] Each
R2d independently is -halo, -NO2, -CN, -C(R5)=C(R5)2,
-C(R5)-C(R 5)2(R10), -CC-R5, -C C-R10, -OR5, -SR6,
-S(O)R6, -SO2R6, -SO2N(R4)2, -N(R4)2, -NR4C(O)R5,
-NR4C(O)N(R4) , -NR4CO2R6, -O-CO2R5, -OC(O)N(R4)2,
-O-C(O)R5, -CO2R5, -C(O)-C(O)R5, -C(O)R5, -C(O)N(R4)2,
-C(=NR4)-N(R4)2, -C(=NR4)-OR5, -N(R 4)-N(R\,
-N(R4)C(=NR4)-N(R4)2, -N(R4)SO2R6, -N(R4)SO2N(R4)2,
-P(O)(R5)2, or -P(O)(OR5)2. Additionally, R2d can be
-SO3R5, -C(O)N(R 4)C(=NRVN(R 4)2 or
-N(R4)C(=NR4)-N(R4)-C(O)R5.[071] In some embodiments,
each Rd independently is selected from the group
consisting of C1 6 aliphatic, R2d, R7d, -'f-R 2'1,
-1*-R7d, -V-T3-R2d, and -V-T3-R7d, wherein R2d is as
described above, and T , "T,V, and R7 are described
below. T2 is a C1 6 alkylene chain optionally
substituted with R or R , wherein the alkylene chain
optionally is interrupted by -C(R5)=C(R5)-, -CC-, -O-,
-S-, -S(O)-, -S(O)2-, -SO2N(R4)-, -N(R 4)-,
-N(R4)C(O)-, -NR4C(O)N(R4)-, -N(R CO2-, -C(O)N(R4)-,
-C(O)-, -C(O)-C(O)-, -CO2-, -OC(O)-, -OC(O)O-,
-OC(O)N(R4)-, -N(R4)-N(R4)-, -N(R4)SO2-, or
-SO2N(R4)-, and wherein T2 or a portion thereof
optionally forms part of a 3-7 membered ring. T is a
C1 alkylene chain optionally substituted with R or R ,
wherein the alkylene 



chain optionally is interrupted by -C(R5)=C(R5)-,
-CC-, -O-, -S-, -S(O)-, -S(O)2-, -SO2N(R4)-, N(R4)-,
-N(R4)C(O)-, -NR4C(O)N(R4)-, -N(R )CO2-, -C(O)N(R4)-,
-C(O)-, -C(O)-C(O)-, -CO2-, -OC(O)-, -OC(O)O-,
-OC(O)N(R4)-, -N(R4)-N(R4)-, -N(R4)SO2-, or -SO2N(R
)-, and wherein T3 or a portion thereof optionally
forms part of a 3-7 membered ring. V is -C(R5)=C(R5)-,
-CC-, -O-, -S-, -S(O)-, -S(O)2-, -SO2N(R4)-, -N(R 4)-,
-N(R4)C(O)-, -NR4C(O)N(R4)-, -N(R4 CO2-, -C(O)N(R4)-,
-C(O)-, -C(O)-C(O)-, -CO2-, -OC(O)-, -OC(O)O-,
-OC(O)N(R4)-, -C(NR4)=N-, -C(OR5)=N-, -N(R4)-N(R4)-,
-N(R4)SO2-, -N(R4)SO2N(R4)-, -P(O)(R5)-,
-P(O)(OR5)-O-, -P(O)-O-, or -P(O)(NR5)-N(R5)-. Each
R3b independently is a C1 aliphatic optionally
substituted with R3 or R7, or two substituents R on
the same carbon atom, taken together with the carbon
atom to which they are attached, form a 3- to
6-membered carbocyclic ring. Each R7 independently is
an optionally substituted aryl, heterocyclyl, or
heteroaryl group. [072] In some embodiments, each R
independently is selected from the group consisting of
-halo, -OR5, -N(R4)., -N(R4)C(O)-, -CO2R5, -C(O)N(R
)2, and -SO2N(RJ 2. In some other embodiments, each
R2d independently is -halo, -OR5, -N(R4) ,,
-N(R4)C(O)-, -CO2R5, -C(O)N(R4)2, and -SO2N(R4) ,
-C(O)N(R4)C(=NR4)-N(R4)2 or
-N(R4)C(=NR4)-N(R4)-C(O)R5.[073] In some embodiments,
T2 is a C16 alkylene chain, which optionally is
substituted with one or two substituents R
independently selected from the group consisting of
-halo, -C1 aliphatic, -OH, and -O(C1 aliphatic), or
two substituents R3b on the same carbon atom, taken
together with the carbon atom to which they are
attached, form a 3- to 6-membered carbocyclic ring. In
some embodiments, T optionally is interrupted by -CC-,
-O-, -C(O)-, -C(O)N(R4)-, -N(R4)C(O)- or -N(R4)-.
[074] In some embodiments, V is -C(R5 C(R5)-, -OC-,
-O-, -N(R4)-, -C(O)-, -N(R4)C(O)-, or -C(O)N(R4)-. In
some embodiments, T3 is a C1 4 alkylene chain, which
optionally is substituted with one or two R
independently selected from the group consisting of
-halo, -C13 aliphatic, -OH, and -0(C 1 3 aliphatic),
or two substituents R on the same carbon atom, taken
together with the carbon atom to which they are
attached, form a 3- to 6-membered carbocyclic ring. In
some embodiments, T is a C1 4 alkylene chain, which
optionally is interrupted by -C C-, -O-, -C(O)-,
-C(O)N(R4)-, -N(R4)C(O)- or -N(R4)-. [075] In some
embodiments, each R independently is selected from the
group consisting of C1 3 aliphatic, RM, R7d, -f'-R 2",
-T*-R7d, -V-'f-R 2", and -V-'f-R 7 , where R2d is
selected from the group consisting of -halo, -OR5,
-N(R4)2, -N(R4)C(O)-, -CO2R5, -C(O)N(R4)2, and
-SO2N(R4) . Additionally, R2d can be -SO3R5,
-C(O)N(R4)C(=NR4)-N(R4)2 or
-N(R4)C(=NR4)-N(R4)-C(O)R5. [076] In some embodiments,
Ring C is substituted with at least one R7d selected
from the group consisting of: N- ann d any of which
groups optionally is substituted on any substitutable
ring carbon or ring nitrogen atom. [077] In some
embodiments, Ring C is substituted with at least one
-T-R or -T -R , where:T2 is a C16 alkylene chain,
wherein T2 optionally is substituted with one or two
substituents R independently selected from the group
consisting of -halo, -C13 aliphatic, -OH, and -0(C 1 3
aliphatic), or two substituents R on the same carbon
atom, taken together with the carbon atom to which
they are attached, form a 3- to 6-membered carbocyclic
ring, and wherein T2 optionally is interrupted by
-CsC-, -O-, -C(O)-, -NR4C(O)R5, -N(R4)C(O)- or
-N(R4)-; and R2d is selected from the group consisting
of -halo, -OR5, -N(R4)2, -N(R4)C(O)-, -CO2R5,
-C(O)N(R4)2, -SO2N(RJ 2, -C(O)N(R4)C(=NR4)-N(R4)2, and
-N(R 4)C(=NR 4)-N(RVC(O)R 5. [078] In certain such
embodiments, Ring C is substituted with one -T-R or -T
-R , and optionally one other substituent selected
from the group consisting of hydrogen, -halo, C13
aliphatic, and -OR5, where R5 is hydrogen or C13
aliphatic. In some embodiments, T2 is a C1 6 alkylene
chain, which optionally is interrupted by -C(O)N(R4)-
or -N(R4)C(O)-. [079] In some embodiments, Ring C is
substituted with at least one -V-T3-R2d or -V-'f-R 7",
where: V is -N(R4)-, -O-, -C(O)N(R4)-, -C(O)-, or
-CC-; T is a C1 4 alkylene chain, which is optionally
substituted by one or two substituents R independently
selected from the group consisting of -halo, -C13
aliphatic, -OH, and -0(C 13 aliphatic), or two
substituents R3b on the same carbon atom, taken
together with the carbon atom to which they are
attached, form a 3- to 6-membered carbocyclic ring;
and R2d is selected from the group consisting of
-halo, -OR5, -N(R4)2, -NR4C(O)R5, -CO2R5, -C(O)N(R4)2,
and -SO2N(R4)2. [080] In certain such embodiments,
Ring C is substituted with one -V-T3-R2d or -V-T3-R7d,
and optionally one other substituent selected from the
group consisting of hydrogen, -halo, C13 aliphatic,
and -OR5, where R5 is hydrogen or C13 aliphatic. [081]
In some embodiments, Ring C is substituted with -V-T-R
, where V is -C(O)N(R4)-, T3 is a C alkylene chain,
and RM is -N(R4)2. Each R4 independently is hydrogen
or C13 aliphatic, or -N(R4)2 is an optionally
substituted 5- to 6-memberedheteroaryl or 4- to
8-membered heterocyclyl ring having, in addition to
the nitrogen, 0-2 ring heteroatoms selected from N, O,
and S. In certain such embodiments, -N(R4)2 is an
optionally substituted heterocyclyl selected from the
group consisting of piperidinyl, piperazinyl, and
morpholinyl. In certain other such embodiments, -N(Rj
2 is an optionally substituted heterocyclyl selected
from pyrrolidinyl and azetidinyl. [082] In other
embodiments, Ring C is substituted with -V-T3-R7d,
where V is 



-C(O)N(R4)- T3 is a C2 4 alkylene chain, and R d is an
optionally substituted 4- to 8-membered heterocyclyl
or an optionally substituted 5- to 6-membered
heteroaryl. In certain such embodiments, R is selected
from the group consisting of pyridyl, pyridazinyl,
pyrimidinyl, pyrazinyl, pyrrolyl, oxazolyl,
imidazolyl, and pyrazolyl. In certain other such
embodiments, R is a 6- to 8-membered bicyclic
heterocyclyl. [083] In some embodiments, Ring C is
substituted with one or two substituents independently
selected from the group consisting of C13 aliphatic,
-halo, -OR , -CO2R , -C(O)N(R4)2, and -SO2N(R4)2.
Additional selections possible for Ring C substituents
in these embodiments include -NR4C(O)R5,
-C(O)N(R4)C(=NR4)-N(R4)2 and
-N(R4)C(=NR4)-N(R4)-C(O)R5. In some embodiments, Ring
C is substituted with at least one substituent
selected from the group consisting of -CO2R5,
-C(O)N(R4)2, -C(=NR4)N(R4)2, -C(O)N(R4)C(=NR4)-N(R4)2,
-N(R4)C(=NR4)-N(R4)-C(O)R5, and -NR4C(O)R5. In certain
embodiments, Ring C is substituted with at least one
-CO2R , where R is hydrogen or C16 aliphatic. [084] In
some embodiments, Ring C is substituted with at least
one -C(O)-N(R4)2, -C(=NR4)N(R4)2, or -NR4C(O)R5, where
-N(R4)2 is an optionally substituted 4- to 8-membered
heterocyclyl ring having, in addition to the nitrogen
atom, 0-2 ring heteroatoms selected from N, O, and S,
and R5 is an optionally substituted 4- to 8-membered
nitrogen-containing heterocyclyl ring. In some such
embodiments, -N(R4)2 is an optionally substituted
heterocyclyl selected from the group consisting of
piperidinyl, piperazinyl, morpholinyl, pyrrolidinyl,
and azetidinyl. In some other such embodiments, -N(R 2
is a bridged or spiro bicyclic heterocyclyl.[085] In
certain embodiments, Ring C is substituted with at
least one substituent having the formula D-i: D-i
wherein: Ring D optionally is substituted on one or
two ring carbon atoms; Xis O or NH; W1 is hydrogen,
-C(O)R5, -C(O)N(R4)2, -CO2R6, -SO2R6, -SO2N(R4)2, or
an optionally substituted aliphatic, aryl, heteroaryl,
or heterocyclyl group. [086] In some embodiments, Ring
D in formula D-i is substituted with one or two
substituents selected from the group consisting of
C1-3 aliphatic, -CO2R , -C(O)N(R )2, and -f-R" , where
T5 is a C1 3 alkylene chain and Rm is -OR5, -N(R4)2,
-CO2R5, or -C(O)N(R4)2. In some such embodiments, Ring
D in formula D-I is substituted with one or two
substituents selected from the group consisting of C13
aliphatic, -CO2H, -CO2(C13 alkyl), -C(O)N(C1 3
alkyl)2, -C(O)NH(C1-3 alkyl), -C(O)NH2, -(C1-3
alkyl)-OH, -(C1-3 alkylene)-O(C 1-3 alkyl), -(C1-3
alkylene)-NH 2, -(C1-3 alkylene)-NH(C 1-3 alkyl),
-(C1-3 alkylene)-N(C 1-3 alkyl)2, -(C1-3 alkylene)-CO
2H, -(C1-3 alkylene)-CO 2(C1-3 alkyl), -(C1-3
alkyleneK^NH , -(C1-3 alkylene)-C(O)NH(C 1-3 alkyl),
and -(C1-3 alkylene)-C(O)N(C 1-3 alkyl)2. [087] In
certain other embodiments, Ring C is substituted with
at least one substituent having one of the formulae
D-ii to D-v below: D-ii D-iii D-iv D-v wherein: Ring D
optionally is substituted on one or two substitutable
ring carbon atoms;Xis O or NH; W2 is Rn or -T6-Rn; T6
is a C1 3 alkylene chain optionally substituted with
R3 or R3b; and R" is -N(R 2 or -C(O)N(R4)2; and Rz is
hydrogen, -CO2R5 C(O)N(R4)2, -C(O)R5, or a C1 3
aliphatic optionally substituted with R or R ; or Rz
and W , taken together with the carbon atom to which
they are attached, form a 4- to 7-membered
cycloaliphatic or heterocyclyl ring. [088] In some
embodiments, Ring D in formulae D-ii to D-v is
substituted with one or two substituents selected from
the group consisting of C1 aliphatic, -CO2R5,
-C(O)N(R4)-, -OR5, -N(R4)2, and -T'-R" 1, where T5 is
a C1 3 alkylene chain and Rmis -OR5, -N(R4)2, -CO2R5,
or -C(O)N(R4)2. [089] In certain embodiments, at least
one substituent on Ring C is selected from the group
consisting of: D-I D-2 D-3 D-4 D-5 D-6 D-7 D-8 D-9
D-IO D-Il D-12D-13 D-14 D-15 D-16 D-17 where Xis O or
NH. [090] In certain other embodiments, at least one
substituent on Ring C is selected from the group
consisting of: D-18 D-19 D-20 D-21 D-22 D-23 D-24 D-25
D-26 where Xis O or NH, and each R independently is
hydrogen or -CH3. [091] In certain other embodiments,
at least one substituent on Ring C is selected from
the group consisting of:D-27 D-28 D-29 D-30 D-31 D-32
D-33 D-34 D-35 D-36 D-37 D-38 D-39 D-40 where Xis O or
NH, and each R independently is hydrogen or -CH3.
[092] In some embodiments, Ring C is substituted with
at least one -C(O)N(R4)2 or 



-C(=NH)N(R4)2, where one R4 is hydrogen or C13 alkyl,
and the other R4 is an optionally substituted
heterocyclyl or heterocyclylalkyl. In some such
embodiments, Ring C is substituted with at least one
substituent selected from the group consisting of:
D-41 D-42 D-43 D-44 D-45 D-46 where X is O or NH.[093]
In some other such embodiments, Ring C is substituted
with at least one substituent selected from the group
consisting of: D-47 D-48 D-49 D-50 D-51 where Xis O or
NH, and each R4 independently is H or CH3. [094] In
some embodiments, Ring C is a bicyclic aryl group,
which is substituted with 0-2 independently selected
Rd and 0-3 independently selected R or C1 6 aliphatic
groups. In some such embodiments, Ring C is a phenyl
ring fused to a 5- or 6-membered carbocyclic,
heteroaryl, or heterocyclyl ring, wherein each ring
independently is substituted or unsubstiruted. In
certain such embodiments, Ring C is an optionally
substituted benzodioxanyl or benzodioxolyl ring. In
certain other such embodiments, Ring C is an
optionally substituted benzimidazolyl, benzthiazolyl,
benzoxazolyl, or phthalimidyl ring, wherein Ring C is
attached to the rest of formula (A), (A-I), or (B) at
the benzo ring of the bicyclic Ring C moiety. [095] In
some other embodiments, Ring C is a monocyclic 5- or
6-membered aryl or heteroaryl ring, which is
substituted with 0-2 independently selected
substituents R and 0-2 independently selected R2 or
C16 aliphatic groups. In some such embodiments, Ring C
is an optionally substituted heteroaryl ring selected
from the group consisting of pyridyl, pyrimidinyl,
pyrazinyl, pyridazinyl, imidazolyl, pyrazolyl, and
oxazolyl. In some other embodiments, Ring C is a
substituted or unsubstiruted phenyl ring. In some
embodiments,Ring C is a monocyclic 5- or 6-membered
aryl or heteroaryl ring, which is substituted with 0,
1, or 2 substituents R , as defined above. [096] In
yet other embodiments, Ring C is a monocyclic 5- or
6-membered heterocyclyl or cycloaliphatic ring, which
is substituted with 0-2 independently selected
substituents Rd and 0-2 independently selected R2d or
C1 6 aliphatic groups. [097] Some embodiments of the
invention relate to a subgenus of formula (A) defined
by formula (T): or a pharmaceutically acceptable salt
thereof, wherein Ring A, Ring B, Ring C, and each of
the variables Ra, R , Re, R , and R have the values
described below. Ring A is substituted with 0-3 Rb.
Ring B is a substituted or unsubstituted aryl or
heteroaryl ring. Ring C is a substituted or
unsubstituted aryl or heteroaryl ring. Additionally,
Ring C can be a heterocyclyl, or cycloaliphatic ring.
Ra is hydrogen, -C(O)R , -CO2R , -SO2R , or a C,_3
aliphatic having 0-2 substituents independently
selected from R or R . R1 is an optionally substituted
C16 aliphatic or an optionally substituted aryl,
heteroaryl, or heterocyclyl group. Each R
independently is R , an optionally substituted
aliphatic, or an optionally substituted aryl,
heteroaryl, or heterocyclyl group. In some embodiments
each R independently is selected from the group
consisting of C16 aliphatic, R2 , R , -T'-R ,and -T -R
. In some embodiments, two adjacent R , taken together
with the intervening carbon atoms, form an optionally
substituted fused 4- to 8-membered aromatic or
non-aromatic ring having 0-3 ring heteroatoms selected
from the group consisting of O, N, and S. T is a C16
alkylene chain optionally substituted with R or R ,
wherein T or a portion thereof optionally forms part
of a 3- to 7-membered ring. Each R2b independently is
-halo, -NO2, -CN, -C(R5 =C(R -C(R5 C(R5XR10), -CC-R5,
-CC-R10, -OR5, -SR6, -S(O)R6, -SO2R6, -SO2N(R4)2,
-N(R4)2, -NR4C(O)R3, -NR4C(O)N(R4) , -NR4CO2R6,
-O-CO2R5, -OC(O)N(R4)2, -O-C(O)R5, -CO2R5,
-C(O)-C(O)R5, -C(O)R5, -C(O)N(R4)2, -C(=NRVN(R4)2,
-N(R4)-N(R4)2, -N(R4)C(=NR4)-N(R4)2, -N(R^SO2R6,
-N(R4)SO2N(R4)2, -P(O)(R5)2, or -P(O)(OR5) . Each R3b
independently is a C1 3 aliphatic optionally
substituted with R or R , or two substituents R on the
same carbon atom, taken together with the carbon atom
to which they are attached, form a 3- to 6-membered
carbocyclic ring. Each R independently is an
optionally substituted aryl, heterocyclyl, or
heteroaryl group. Re is hydrogen or a C13 aliphatic
optionally substituted with R or R . R and R each are
hydrogen, or R and R together form a bond. Each R3
independently is selected from the group consisting of
-halo, -OH, -O(C13 alkyl), -CN, -N(R4)2, -C(O)(C1 3
alkyl), -CO2H, -CO2(C1 3 alkyl), -C(O)NH2, and
-C(O)NH(C1 3 alkyl). Each R independently is hydrogen
or an optionally substituted aliphatic, aryl,
heteroaryl, or heterocyclyl group; or two R on the
same nitrogen atom, taken together with the nitrogen
atom, form an optionally substituted 4- to 8-membered
or 5- to 8-membered heteroaryl or heterocyclyl ring
having, in addition to the nitrogen atom, 0-2 ring
heteroatoms selected from N, O, and S.Each R
independently is hydrogen or an optionally substituted
aliphatic, aryl, heteroaryl, or heterocyclyl group.
Each R6 independently is an optionally substituted
aliphatic or aryl group. Each R7 independently is an
optionally substituted aryl, heterocyclyl, or
heteroaryl group. 



Each R10 independently is -CO2R5 or -C(O)N(R4)2. [098]
In some embodiments, the compound of formula (J) is
characterized by at least one, two, or three of the
following features(a)-(f): (a) Ra is hydrogen or C1 3
alkyl; (b) R and R together form a bond; (c) Ring A is
substituted with 0-2 R , where each R independently is
selected from the group consisting of C13 aliphatic, R
, R , -T -R , and -T -R , where T is a C1 3 alkylene
chain; (d) Ring Bis a monocyclic 5- or 6-membered aryl
or heteroaryl ring, which is substituted with 0-2 Rc,
where each Rc independently is selected from the group
consisting of C1 3 aliphatic, R2c, R7c, -T'-R 2 , and
-T'-R70, where T1 is a C1-3 alkylene chain; (e) Ring C
is a mono- or bicyclic aryl or heteroaryl ring, which
is substituted with 0-2 independently selected R and
0-2 independently selected R or C16 aliphatic groups;
and (f) Re is hydrogen. [099] In some embodiments, the
compound of formula (J) is characterized by all six of
the features (a)-(f) above. [0100] Some embodiments of
the invention relate to a subgenus of formula (A)
defined by formula (B) or (IJ):wherein each of Re, R",
Ry, and Rings A, B, and C have the values and
preferred values described above for formulae (B) and
(T). In some such embodiments, Ring B is a mono- or
bicyclic aryl or heteroaryl ring, which is substituted
with 0-2 independently selected Rc and 0-2
independently selected R c or C16 aliphatic groups,
and Ring C as a mono- or bicyclic aryl, heteroaryl,
heterocyclyl or cycloaliphatic ring, which is
substituted with 0-2 independently selected R and 0-2
independently selected R or C16 aliphatic groups.
[0101] In some embodiments, the compound of formula
(IT) is defined by formula (Ha): wherein Ring A is
substituted with 0-2 independently selected R , and
Ring B is substituted with 0-2 independently selected
Rc. In some embodiments, the compound of formula (Ua)
is characterized by at least one of the following
features (a)-(c): (a) each R independently is selected
from the group consisting of C1 3 aliphatic, R , R ,
-T -R , and -T -R , where T is a C13 alkylene chain
optionally substituted with,2b . fluoro, and each R
independently is selected from the group consisting of
-halo, -NO2, -C(R5)=C(R5)2, -C C-R5, -OR5, and
-N(R4)2; (b) each Rc independently is selected from
the group consisting of C13 aliphatic, R c, R c, -T -R
c, and -T -R c, where T is a C1 3 alkylene chain
optionally substituted with fluoro, and each R c
independently is selected from the group consisting of
-halo, -NO2, -C(R5)=C(R5)2, -C C-R5, -OR5, and
-N(R4)2; and (c) Re is hydrogen. [0102] Some
embodiments of the invention relate to a subgenus of
the compounds of formula (Ila) defined by formula
(III): wherein each of R , Rc, Rc, and Ring C have the
values or preferred values described above for any
preceding formula. [0103] Some embodiment of the
invention relate to a subgenus of the compounds of
formula (Ila) defined by formula (UIa):wherein: each
of R and R independently is hydrogen or R ; each of Rc
and R independently is hydrogen or Rc; and each of
Ring C R , Rc, and Re have the values and preferred
values described above for any preceding formula.
[0104] In some embodiments, each R in formula (III) or
(Ilia) is selected from the group consisting of C1
aliphatic, C13 fluoroaliphatic, and R ; and each Rc is
selected from the group consisting of C13 aliphatic,
C13 fluoroaliphatic, and R c. In certain such
embodiments, each of R and R independently is selected
from the group consisting of -halo, -NO2,
-C(R5)=C(R5)2, -CC-R5, -OR5, and -N(R4)2. [0105] In
some embodiments, the invention relates to a compound
of formula (Ilia), wherein Re is hydrogen; each of R
and R independently is selected from the group
consisting of hydrogen, -halo, C13 aliphatic, C1 3
fluoroaliphatic, and -OR , where R is hydrogen or C1-3
aliphatic; and each of Rc and Rc independently is
selected from the group consisting of hydrogen, -halo,
C1 3 aliphatic, C1-3 fluoroaliphatic, and -OR , where
R is hydrogen or C13 aliphatic. In some embodiments,
each of R 3 and Rc independently is selected from the
group consisting of -halo, C13aliphatic, C13
fluoroaliphatic, and -OR , where R hydrogen or C1-3
aliphatic. In certain such embodiments, R is hydrogen,
Rc is selected from the group consisting of hydrogen,
-halo, C13aliphatic, C1-3 fluoroaliphatic, and -OR ,
and each of R and Rc independently is selected from
the group consisting of -halo, C13aliphatic, C1-3
fluoroaliphatic, and -OR , where R hydrogen or C1-3
aliphatic. In certain embodiments, R is hydrogen, Rc
is hydrogen, chloro, fluoro, bromo, methyl,
trifluoromethyl, or methoxy, and each of Rb3 and Rcl
independently is chloro, fluoro, bromo, methyl,
trifluoromethyl, or methoxy. [0106] Some embodiments
of the invention relate to a subgenus of the compounds
of formula (A) defined by formula (IV):wherein: Ring A
is substituted with 0-2 R ; Ring B is a mono- or
bicyclic aryl or heteroaryl ring, which optionally is
substituted with 0-2 independently selected Rc and 0-3
independently selected R2c or C1 aliphatic groups; Re
is hydrogen or a C13 aliphatic optionally substituted
with R or R ; R6 is selected from the group consisting
of hydrogen, C16 aliphatic, and R ; and each of R and
R independently is hydrogen or R . 



[0107] In some such embodiments, the invention relates
to a compound of formula (IV), wherein: each R in R or
R is hydrogen, C13 alkyl, or a 5- or 6-membered aryl
or heteroaryl ring; or two R on the same nitrogen
atom, taken together with the nitrogen atom, form an
optionally substituted 5- to 6-membered heteroaryl or
4- to 8-membered heterocyclyl ring having, in addition
to the nitrogen atom, 0-2 ring heteroatoms selected
from N, O, and S; and each R5 in R or R2 is hydrogen,
C13 alkyl, or a 5- or 6-membered aryl or heteroaryl
ring. [0108] In some such embodiments, two R on the
same nitrogen atom in R or R , taken together with the
nitrogen atom, form an optionally substituted
piperidinyl, piperazinyl, or morpholinyl ring.[0109]
In some embodiments, the invention relates to a
compound of formula (IV) wherein: Ring A is
substituted with 0-2 R , where each Rb independently
is selected from the group consisting of C13
aliphatic, R2b, R , -T1-R2b, and -T -R , where T1 is a
C1 alkylene chain; Ring Bis a monocyclic 5- or
6-membered aryl or heteroaryl ring, which is
substituted with 0-2 independently selected Rc, where
each Rc independently is selected from the group
consisting of C1 3 aliphatic, R c, R c, -T -R c, and
-T -R c, where T is a C13 alkylene chain; and Re is
hydrogen. [0110] In some such embodiments, each R
independently is selected from the group consisting of
C13 aliphatic, R , and -T -R , and each Rc
independently is selected from the group consisting of
C13 aliphatic, R c, and -T -R c. In some embodiments,
each R independently is selected from the group
consisting of -halo, -NO2, -C(R5)=C(R5)2, -CC-R5, -OR
, and -N(R4)2, and each R2c independently is selected
from the group consisting of -halo, -NO2,
-C(R5)=C(R5)2, -CC-R5, -OR5, and -N(R4)2. [0111] In
some embodiments, the invention is directed to the
compound of formula (IV), wherein one of R and R is R
. In some such embodiments, R8 is hydrogen, and R is
tetrazolyl. [0112] In some embodiments, the invention
relates to a compound of formula (IV), wherein R8 is
hydrogen, one of Rh and Rk has the formula -T2-R2d or
-T R , and the other of Rh and Rk is selected from the
group consisting of hydrogen, -halo, C13 aliphatic,
and -OR , where R5 is hydrogen or C13 aliphatic. In
some embodiments, T2 is a C16 alkylene chain, which
optionally is interrupted by -C(O)N(R4)- or
-N(R4)C(O)-. [0113] In some embodiments, the invention
is directed to a compound of formula (IV) wherein R8
is hydrogen, one of R1and Rk has the formula
-V-T3-R2d, and the other of Rh and Rk is selected from
the group consisting of hydrogen, -halo, C1 3
aliphatic, and -OR , where R5 is hydrogen or C13
aliphatic. In some such embodiments, V is -C(O)N(R4)-,
T3 is aC2 1 alkylene chain, and R is -N(R4)2, where
each R4 independently is hydrogen or C13 aliphatic, or
-N(R )2 is an optionally substituted 5- to 6-membered
heteroaryl or 4- to 8-membered heterocyclyl ring
having, in addition to the nitrogen, 0-2 ring
heteroatoms selected from N, O, and S. In certain such
embodiments, -N(R4)2 is an optionally substituted
heterocyclyl selected from the group consisting of
piperidinyl, piperazinyl, and morpholinyl. In certain
other such embodiments, -N(R )2 is an optionally
substituted heterocyclyl selected from pyrrolidinyl
and azetidinyl. [0114] In some other embodiments, the
invention relates to a compound of formula (IV),
wherein R8 is hydrogen, one of R and R has the formula
-V-TL R , and the other of R and R is selected from
the group consisting of hydrogen, -halo, C13
aliphatic, and -OR , where R is hydrogen or C13
aliphatic. In certain such embodiments, V is -C(O)N(R
)-, T is a C2 4 alkylene chain, and R is an optionally
substituted 4- to 8-membered heterocyclyl or an
optionally substituted 5- to 6-membered heteroaryl. In
certain such embodiments, R is an optionally
substituted heteroaryl selected from the group
consisting of pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, pyrrolyl, oxazolyl, imidazolyl, and
pyrazolyl. In certain other such embodiments, R is a
6- to 8-membered bridged bicyclic heterocyclyl. [0115]
In some embodiments, the invention is directed to a
compound of formula (W) wherein Rg is hydrogen, and at
least one of R and R is selected from the group
consisting of -CO2R5, -C(O)N(R4) , -C(=NR4)N(R4)2,
-C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(RVC(O)R 5,
or -NR4C(O)R5. In some such embodiments, at least one
of Rh and R is -CO2R , where R is hydrogen or C16
aliphatic. In some embodiments, each of R8 and R is
hydrogen, and R is -CO2R . [0116] In some embodiments,
R8 is hydrogen, and one of R and R is -C(O)-N(R )2 or
-C(=NR4)N(R4)2, where -N(R )2 is an optionally
substituted heterocyclyl selected from the group
consisting of piperidinyl, piperazinyl, morpholinyl,
pyrrolidinyl, and azetidinyl. In some such
embodiments, one of R and R has one of the formulae
D-i to D-v, as defined above. In certain such
embodiments, one of R"or R has one of the formulae D-I
to D-51, or has the formula embodied at the relevant
position of any of the compounds depicted in Table 3
below.[0117] Some embodiment of the invention relate
to a subgenus of the compounds of formula (A) defined
by formula (C): wherein: Ring A is a substituted or
unsubstituted 5- or 6-membered aryl, heteroaryl,
cycloaliphatic, or heterocyclyl ring; Ring B is
substituted with 0-2 independently selected Rc and 0-3
independently selected R c or C1 6 aliphatic groups;
Ring C is substituted 0-2 independently selected Rd
and 0-3 independently selected R2 or C1 6 aliphatic
groups; and 



each of Re, R , and Ry has the values and preferred
values described above. [0118] In some embodiments,
the invention relates to a subgenus of formula (C)
defined by formula (V): wherein:R is hydrogen or a C
-.3 13 aliphatic optionally substituted with R or R ;
Ring A is substituted with 0-3 R ; Ring Bis
substituted with 0-2 independently selected Rc and 0-2
independently selected R2c or C16 aliphatic groups;
and Ring C is substituted or unsubstituted. [0119] In
some embodiments, the compound of formula (V) is
defined by formula (Va): wherein: Re is hydrogen; each
of Rb2 and RM independently is selected from the group
consisting of hydrogen, -halo, C1 aliphatic, C13
fluoroaliphatic, and -OR , where R5 is hydrogen or C1
aliphatic; each of Rcl and R 5 independently is
selected from the group consisting of hydrogen, -halo,
C1 3 aliphatic, C13 fluoroaliphatic, and -OR , where
R5 is hydrogen or C13 aliphatic; R8 is selected from
the group consisting of hydrogen, C16 aliphatic, and R
; and each of R and R independently is hydrogen or R
.[0120] In some embodiments, the invention relates to
a compound of formula (Va) wherein at least one of R
and Rk has the formula -V-T^-R2 1 or -V-T3-R7d, where:
V is -C(O)N(R4)-; T is a C24 alkylene chain; R is -N(R
)2, where R is hydrogen or C1 3 aliphatic, or two R on
the same nitrogen atom, taken together with the
nitrogen atom, form an optionally substituted 4- to
8-membered heterocyclyl or an optionally substituted
5- to 6-membered heteroaryl ring having, in addition
to the nitrogen, 0-2 ring heteroatoms selected from N,
O, and S; and R7 is an optionally substituted 4- to
8-membered heterocyclyl or an optionally substituted
5- to 6-membered heteroaryl. [0121] In some other
embodiments, the invention relates to a compound of
formula (Va), wherein R6 is hydrogen, and at least one
of R and R is selected from the group consisting of
-CO2R5, -C(O)N(R4) , -C(=NR4)N(R4)2,
-C(O)N(R4)C(=NR4)-N(R4)2, -N(R4)C(=NR4)-N(R4)-C(O)R5,
or -NR4C(O)R5. [0122] In a particular embodiment, the
invention relates to a compound of formula (Va),
wherein: Re, R , Rs, and R are each hydrogen; R and Rc
are each independently selected from the group
consisting of -halo, C13 aliphatic, C13
fluoroaliphatic, and -OR , where R is hydrogen or C13
aliphatic; Rc is selected from the group consisting of
hydrogen, -halo, C1 aliphatic, C13 fluoroaliphatic,
and -OR5, where R5 is hydrogen or C1 aliphatic; and Rh
is -CO2H, -C(O)N(R4)2, -C(=NR4)N(R4)2,
-C(O)N(R4)C(=NR4)-N(R4)2, or
-N(R4)C(=NR4)-N(R4)-C(O)R5, where R5 is an optionally
substituted 4- to 8-membered nitrogen-containing
heterocyclyl ring, and -N(R4)2 is an optionally
substituted 4- to 8-membered heterocyclyl ring having
in addition to the nitrogen atom 0-2 heteroatoms
selected from N, O, and S.[0123] Compounds embodying
any combination of the preferred values for the
variables described herein are considered to be within
the scope of the present invention. [0124] Table 3
shows specific examples of compounds of formula (V).
Table 3. Aurora Kinase Inhibitors 1-1 1-2 1-3 1-4 1-5
1-61-7 1-8 1-9 1-10 M l 1-12 1-13 1-14 1-151-16 1-17
1-18 1-19 1-20 1-21 1-22 1-23 1-241-25 1-26 1-27 1-28
1-29 1-30 1-31 1-32 1-33CXCR1 and CXCR2 CHEMOKINE
ANTAGONISTS FIELD OF THE INVENTION The present
invention relates to novel CXCR1 and CXCR2 chemokine
antagonists, pharmaceutical compositions containing
the compounds and methods of treatment using the
compounds, compositions and formulations to treat
CXCR1 and/or CXCR2 chemokine-mediated diseases such as
acute and chronic inflammatory disorders, psoriasis,
stroke, multiple sclerosis and cancer. BACKGROUND OF
THE INVENTION Chemokines are chemotactic cytokines
that are released by a wide variety of cells to
attract macrophages, T-cells, eosinophils, basophils,
neutrophils and endothelial cells to sites of
inflammation and tumor growth. There are two main
classes of chemokines, the CXC-chemokines and the CC-
chemokines. The class depends on whether the first two
cysteines are separated by a single amino acid
(CXC-chemokines) or are adjacent (CC-chemokines). The
CXC-chemokines include, but are not limited to,
interleukin-8 (IL-8), neutrophil-activating protein-1
(NAP-1), neutrophil-activating protein-2 (NAP-2),
GROa, GROb, GROg, ENA-78, GCP-2, IP-10, MIG and PF4.
CC chemokines include, but are not limited to, RANTES,
MIP - 1a, MIP-2b, monocyte chemotactic protein-1
(MCP-1), MCP-2, MCP-3, CCL19, CCL21 



and eotaxin. Individual members of the chemokine
families are known to be bound by at least one
chemokine receptor, with CXC-chemokines generally
bound by members of the CXCR class of receptors, and
CC-chemokines by members of the CCR class of
receptors. For example, IL-8 is bound by the CXCR-1
and CXCR-2 receptors.Since CXC-chemokines promote the
accumulation and activation of neutrophils, these
chemokines have been implicated in a wide range of
acute and chronic inflammatory disorders including
psoriasis and rheumatoid arthritis. Baggiolini et al.,
FEBS Lett. 307, 97 (1992); Miller et al., Crit. Rev.
Immunol. 12, 17 (1992); Oppenheim et al., Annu. Fev.
Immunol. 9, 617 (1991); Seitz et al., J. Clin. Invest.
87, 463 (1991); Miller et al., Am. Rev. Respir. Dis.
146, 427 (1992); Donnely et al., Lancet 341 , 643
(1993). ELRCXC chemokines including IL-8, GROa, GROb,
GROg, NAP-2, and ENA- 78 (Strieter et al. 1995 JBC 270
p. 27348-57) have also been implicated in the
induction of tumor angiogenesis (new blood vessel
growth). All of these chemokines are believed to exert
their actions by binding to the 7 transmembrane
G-protein coupled receptor CXCR2 (also known as
IL-8RB), while IL-8 also binds CXCR1 (also known as
IL-8RA). Thus, their angiogenic activity is due to
their binding to and activation of CXCR2, and possible
CXCR1 for IL-8, expressed on the surface of vascular
endothelial cells (ECs) in surrounding vessels. Many
different types of tumors have been shown to produce
ELRCXC chemokines and their production has been
correlated with a more aggressive phenotype (Inoue et
al. 2000 Clin Cancer Res 6 p. 2104-21 19) and poor
prognosis (Yoneda et. al. 1998 J Nat Cancer Inst 90 p.
447-454). Chemokines are potent chemotactic factors
and the ELRCXC chemokines have been shown to induce EC
chemotaxis. Thus, these chemokines probably induce
chemotaxis of endothelial cells toward their site of
production in the tumor. This may be a critical step
in the induction of angiogenesis by the tumor.
Inhibitors of CXCR2 or dual inhibitors of CXCR2 and
CXCR1 will inhibit the angiogenic activity of the
ELRCXC chemokines and therefore block the growth of
the tumor. This anti-tumor activity has been
demonstrated for antibodies to IL-8 (Arenberg et al.
1996 J Clin Invest 97 p. 2792-2802), ENA-78 (Arenberg
et al. 1998 J Clin Invest 102 p. 465-72), and GROa
(Haghnegahdar et al. J. Leukoc Biology 2000 67 p.
53-62). Many tumor cells have also been shown to
express CXCR2 and thus tumor cells may also stimulate
their own growth when they secrete ELRCXC chemokines.
Thus, along with decreasing angiogenesis, inhibitors
of CXCR2 may directly inhibit the growth of tumor
cells.Hence, the CXC-chemokine receptors represent
promising targets for the development of novel
anti-inflammatory and anti-tumor agents. There remains
a need for compounds that are capable of modulating
activity at CXC-chemokine receptors. For example,
conditions associated with an increase in IL-8
production (which is responsible for chemotaxis of
neutrophil and T-cell subsets into the inflammatory
site and growth of tumors) would benefit by compounds
that are inhibitors of IL-8 receptor binding. SUMMARY
OF THE INVENTION In its many embodiments, the
invention provides a novel class of CXC
chemokine-mediators, pharmaceutical compositions
comprising one or more of such compounds, and methods
of treatment, prevention, inhibition, or amelioration
of one or more diseases associated with CXC chemokine
mediation using the compounds and compositions claimed
herein. This invention provides novel compounds of the
formula (1): and the pharmaceutically acceptable salts
(e.g., sodium or calcium) and solvates thereof,
wherein R1, R2, R3, R4, Q, Y, 5-het, n and n1are
defined below. Compounds of formula (1) have CXCR1
and/or CXCR2 activity. This invention also provides a
pharmaceutical composition comprising at least one
compound (e.g., one) of the formula (1) or a
pharmaceutically acceptable salt or solvate thereof
and a pharmaceutically acceptable carrier. This
invention also provides a method of treating a CXCR1
and/or CXCR2 chemokine mediated disease in a patient
in need of such a treatment comprising administering
to said patient an effective amount of at least one
compound (e.g., one) of the formula ( 1) or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides a method of treating a
CXCR1 and/or CXCR2 chemokine mediated disease in a
patient in need of such treatment comprising
administering to said patient an effective amount of
at least one compound (e.g. one)of formula (1) or a
pharmaceutically acceptable salt or solvate thereof,
and administering an effective amount of at least one
(e.g., one) additional agent, drug, medicament,
antibody and/or inhibitor for treating a chemokine
mediated disease or drug or agent useful for the
treatment of CXCR1 and/or CXCR2 chemokine mediated
diseases. This invention also provides a method
wherein the compounds bind to a CXCR1 receptor (e.g.,
a method of treating a chemokine mediated disease
comprising administering an effective amount of at
least one (e.g., one) compound of formula 1 wherein
said compound binds to a CXCR1 receptor). This
invention also provides a method wherein the compounds
bind to a CXCR2 receptor (e.g., a method of treating a
chemokine mediated disease comprising administering an
effective amount of at least one (e.g., one) compound
of formula 1 wherein said compound binds to a CXCR2
receptor). This invention also provides a method of
treating a chemokine mediated 



disease or condition in a patient in need of such
treatment comprising administering: (a) a
therapeutically effective amount of at least one
compound of formula (1), or a pharmaceutically
acceptable salt or solvate thereof, concurrently or
sequentially with (b) at least one medicament selected
from the group consisting of: disease modifying
antirheumatic drugs; nonsteroidal anitinflammatory
drugs; COX-2 selective inhibitors; COX-1 inhibitors;
immunosuppressives; steroids; biological response
modifiers; and other anti-inflammatory agents or
therapeutics useful for the treatment of chemokine
mediated diseases. This invention also provides a
method comprising treating an inflammatory disease in
a patient in need of such treatment. This invention
also provides a method of treating cancer in a patient
in need of such treatment which method comprises
administering to said patient a therapeutically
effective amount of a compound of formula (1) or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides a method of treating
cancer in a patient in need of such treatment which
method comprises administering to said patient a
therapeutically effective amount of at least one
compound of formula ( 1) or a pharmaceutically
acceptable salt or solvate thereof.This invention also
provides a method of treating cancer in a patient in
need of such treatment which method comprises
administering to said patient a therapeutic amount of
at least one compound of formula (1), or a
pharmaceutically acceptable salt or solvate thereof
concurrently or sequentially with (a) at least one
antineoplastic agent selected from the group
consisting of: ( 1) gemcitabine, (2) paclitaxel
(Taxol(r)), (3) 5-Fluorouracil (5-FU), (4)
cyclo-phosphamide (Cytoxan(r)), (5) temozolomide and
(6) Vincristine. This invention also provides a method
of treating cancer in a patient in need of such
treatment which method comprises at least one compound
of formula (1), or a pharmaceutically acceptable salt
or solvate thereof and at least one agent selected
from the group consisting of microtubule affecting
agents, antineoplastic agents, antiangiogenesis
agents, VEGF receptor kinase inhibitors, antibodies
against the VEGF receptor, interferon, and radiation.
This invention also provides a method of inhibiting
angiogenesis in a patient in need of such inhibition
said method comprising administering to said patient
an effective amount of at least one compound of
formula (1). This invention also provides a method of
treating an angiogenic ocular disease in a patient in
need of such treatment said method comprising
administering to said patient an effective amount of
at least one compound of formula ( 1) or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides a method of treating
asthma in a patient in need of such treatment said
method comprising administering to the patient a
therapeutically effective amount of at least one
compound of formula (1) or a pharmaceutically
acceptable salt or solvate thereof. This invention
also provides a method of treating a pulmonary disease
in a patient in need of such treatment said method
comprising administering to said patient a
therapeutically effective amount of: (a) at least one
compound of formula (1), or a pharmaceutically
acceptable salt or solvate thereof concurrently or
sequentially with (b) at least one compound selected
from the group consisting of: glucocorticoids, 5-
lipoxygenase inhibitors, b-2 adrenoceptor agonists,
muscarinic M1 antagonists, muscarinic M3 antagonists,
muscarinic M2 agonists, NK3 antagonists, LTB4
antagonists, cysteinyl leukotriene antagonists,
bronchodilators, PDE4 inhibitors, PDE inhibitors,
elastase inhibitors, MMP inhibitors, phospholipase A2
inhibitors,phospholipase D inhibitors, histamine H1
antagonists, histamine H3 antagonists, dopamine
agonists, adenosine A2 agonists, NK1 and NK2
antagonists, GABA-b agonists, nociceptin agonists,
expectorants, mucolytic agents, decongestants,
antioxidants, anti-IL-8 anti-bodies, anti-IL-5
antibodies, anti-lgE antibodies, anti-TNF antibodies,
IL-10, adhesion molecule inhibitors, and growth
hormones. This invention also provides a method of
treating multiple sclerosis in a patient in need of
such treatment said method comprising administering to
said patient a therapeutically effective amount of:
(a) a therapeutically effective amount of at least one
compound of formula (1), or a pharmaceutically
acceptable salt or solvate thereof concurrently or
sequentially with (b) at least one compound selected
from the group consisting of: glatiramer acetate,
glucocorticoids, methotrexate, azothioprine,
mitoxantrone, and CB2-selective inhibitors. This
invention also provides a method of treating multiple
sclerosis in a patient in need of such treatment the
method comprising administering to said patient a
therapeutically effective amount of: a) at least one
compound of formula ( 1), or a pharmaceutically
acceptable salt or solvate thereof concurrently or
sequentially with (b) at least one compound selected
from the group consisting of: methotrexate,
cyclosporin, leflunimide, sulfasalazine, /?-methasone,
^-interferon, glatiramer acetate,
prednisone.etonercept, and infliximab. This invention
also provides a method of treating rheumatoid
arthritis in a patient in need of such treatment
comprising administering to said patient a
therapeutically effective amount of at least one
(usually one) compound of formula 1, or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides a method of treating
rheumatoid arthritis in a patient in need of such
treatment comprising administering to said patient a 



therapeutically effective amount of at least one
(usually 1) compound of formula 1, or a
pharmaceutically acceptable salt or solvate thereof,
in combination with at least one confpound selected
from the group consisting of COX-1 inhibitors, COX-2
inhibitors, immunosuppressives (e.g., methotrexate,
cyclosporin, leflunimide and sulfasalazine), steroids
(e.g., betamethasone, cortisone and dexamethasone),
PDE 4 inhibitors, anti- TNF-a compounds, MMP
inhibitors, glucocorticoids, chemokine inhibitors,
CB2- selective agents, and other classes of compounds
indicated for the treatment of rheumatoid
arthritis.This invention also provides a method of
treating stroke and ischemia reperfusion injury in a
patient in need of such treatment said method
comprising administering to said patient a
therapeutically effective amount of: (a) at least one
compound of formula (1), or a pharmaceutically
acceptable salt or solvate thereof concurrently or
sequentially with (b) at least one compound selected
from the group consisting of: thrombolitics (e.g.,
tenecteplase, TPA, alteplase), antiplatelet agents
(e.g., gpllb/llla), antagonists (e.g., abciximab and
eftiifbatide), anticoagulants (e.g., heparin), and
other compounds indicated for the treatment of
rheumatoid arthritis. This invention also provides a
method of treating stroke and ischemia reperfusion
injury in a patient in need of such treatment said
method comprising administering to said patient a
therapeutically effective amount of: (a) at least one
compound of formula (1), or a pharmaceutically
acceptable salt or solvate thereof concurrently or
sequentially with (b) at least one compound selected
from the group consisting of: tenecteplase, TPA,
alteplase, abciximab, eftiifbatide, and heparin. This
invention also provides a method of treating psoriasis
in a patient in need of such treatment said method
comprising administering to said patient a
therapeutically effective amount of: a) at least one
compound of formula ( 1), or a pharmaceutically
acceptable salt or solvate thereof concurrently or
sequentially with (b) at least one compound selected
from the group consisting of: immunosuppressives
(e.g., methotrexate, cyclosporin, efalizumab,
alefacept, leflunimide and sulfasalazine), steroids
(e.g., b-methasone) and anti-TNF-a compounds (e.g.,
etonercept and infliximab). This invention also
provides a method of treating a CXCR1 and/or a CXCR2
mediated disease or condition selected from the group
consisting of: pain (e.g., acute pain, acute
inflammatory pain, chronic inflammatory pain, and
neuropathic pain), acute inflammation, chronic
inflammation, rheumatoid arthritis, psoriasis, atopic
dermatitis, asthma, COPD, adult respiratory disease,
arthritis, inflammatory bowel disease, Crohn's
disease, ulcerative colitis, septic shock, endotoxic
shock, gram negative sepsis, toxic shock syndrome,
stroke, ischemia reperfusion injury, renal reperfusion
injury, glomerulonephritis, thrombosis, Alzheimer's
disease, graft vs. host reaction (i.e., graft vs. host
disease), allograft rejections (e.g., acute allograft
rejection, and chronic allograft rejection), malaria,
acute respiratory distress syndrome, delayed type
hypersensitivity reaction, atherosclerosis, cerebral
ischemia, cardiac ischemia,osteoarthritis, multiple
sclerosis, restinosis, angiogenesis, osteoporosis,
gingivitis, respiratory viruses, herpes viruses,
hepatitis viruses, HIV, Kaposi's sarcoma associated
virus (i.e., Kaposi's sarcoma), meningitis, cystic
fibrosis, pre-term labor, cough, pruritis, multi-organ
dysfunction, trauma, strains, sprains, contusions,
psoriatic arthritis, herpes, encephalitis, CNS
vasculitis, traumatic brain injury, CNS tumors,
subarachnoid hemorrhage, post surgical trauma,
interstitial pneumonitis, hypersensitivity, crystal
induced arthritis, acute pancreatitis, chronic
pancreatitis, acute alcoholic hepatitis, necrotizing
enterocolitis, chronic sinusitis, angiogenic ocular
disease, ocular inflammation, retinopathy of
prematurity, diabetic retinopathy, macular
degeneration with the wet type preferred, corneal
neovascularization, polymyositis, vasculitis, acne,
gastric ulcers, duodenal ulcers, celiac disease,
esophagitis, glossitis, airflow obstruction, airway
hyperresponsiveness (i.e., airway hyperreactivity),
bronchiectasis, bronchiolitis, bronchiolitis
obliterans, chronic bronchitis, cor pulmonae, dyspnea,
emphysema, hypercapnea, hyperinflation, hypoxemia,
hyperoxia-induced inflammations, hypoxia, surgical
lung volume reduction, pulmonary fibrosis, pulmonary
hypertension, right ventricular hypertrophy,
peritonitis associated with continuous ambulatory
peritoneal dialysis (CAPD), granulocytic ehrlichiosis,
sarcoidosis, small airway disease,
ventilation-perfusion mismatching, wheeze, colds,
gout, alcoholic liver disease, lupus, burn therapy
(i.e., the treatment of burns), periodontitis, cancer,
transplant reperfusion injury, early transplantation
rejection (e.g., acute allograft rejection) in a
patient in need of such treatment comprising
administering to said patient an effective amount of
at least one compound (usually 1) of formula 1, or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides a method of treating
diseases such as allograft rejections, early
transplantation rejections, autoimmune deafness,
myocarditis, neuropathies, autoimmune diseases and
vasculitis syndromes wherein said (a) Allograft
rejections are selected from the group consisting of
acute allograft rejections and chronic allograft
rejections, (b) Early transplantation rejection is an
acute allograft rejection, (c) Autoimmune deafness is
Meniere's disease, (d) Myocarditis is viral
myocarditis, (e) Neuropathies are selected from the
group consisting of IgA neuropathy, membranous
neuropathy and idiopathic neuropathy,(f) Autoimmune
diseases are anemias, and (g) Vasculitis syndromes are
selected from the group consisting of giant cell
arteritis, Behcet's disease and Wegener's
granulomatosis. 



Prodrugs of the compounds of formula (1) or
pharmaceutically acceptable salts or solvates thereof
are within the scope of the claimed invention. This
invention also provides a method of treating COPD in a
patient in need of such treatment comprising
administering to said patient a therapeutically
effective amount of at least one (usually one)
compound of formula 1, or a pharmaceutically
acceptable salt or solvate thereof. This invention
also provides a method of treating arthritis in a
patient in need of such treatment comprising
administering to said patient a therapeutically
effective amount of at least one (usually one)
compound of formula 1, or a pharmaceutically
acceptable salt or solvate thereof. This invention
also provides a method of treating osteoarthritis in a
patient in need of such treatment comprising
administering to said patient a therapeutically
effective amount of at least one (usually one)
compound of formula 1, or a pharmaceutically
acceptable salt or solvate thereof. This invention
also provides a method of treating pain in a patient
in need of such treatment comprising administering to
said patient a therapeutically effective amount of at
least one (usually one) compound of formula 1, or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides a method of treating pain
in a patient in need of such treatment comprising
administering to said patient a therapeutically
effective amount of at least one (usually one)
compound of formula 1, or a pharmaceutically
acceptable salt or solvate thereof, and administering
a therapeutically effective amount of at least one
medicament selected from the group consisting of:
NSAIDs, COXIB inhibitors (e.g., COX-1 and COX-2
inhibitors), anti-depressants, and anti convulsants.
This invention also provides a method of treating
acute pain in a patient in need of such treatment
comprising administering to said patient a
therapeutically effective amount of at least one
(usually one) compound of formula 1, or a
pharmaceutically acceptable salt or solvate
thereof.This invention also provides a method of
treating acute inflammatory pain in a patient in need
of such treatment comprising administering to said
patient a therapeutically effective amount of at least
one (usually one) compound of formula 1, or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides a method of treating
chronic inflammatory pain in a patient in need of such
treatment comprising administering to said patient a
therapeutically effective amount of at least one
(usually one) compound of formula 1, or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides a method of treating
neropathic pain in a patient in need of such treatment
comprising administering to said patient a
therapeutically effective amount of at least one
(usually one) compound of formula 1, or a
pharmaceutically acceptable salt or solvate thereof.
This invention also provides a pharmaceutical
composition comprising at least one (e.g., 1-3,
usually 1) compound of formula 1, or a
pharmaceutically acceptable salt or solvate thereof,
and a pharmaceutically acceptable carrier. This
invention also provides a pharmaceutical composition
comprising at least one (e.g., 1-3, usually 1)
compound of formula 1, or a pharmaceutically
acceptable salt or solvate thereof, and at least one
(e.g., 1-3, usually 1) other agent, medicament,
antibody and/or inhibitor disclosed above, and a
pharmaceutically acceptable carrier. DETAILED
DESCRIPTION OF THE INVENTION When any substituent or
variable occurs more than one time in any moiety, its
definition on each occurrence is independent of its
definition at every other occurrence. Also,
combinations of substituents and/or variables are
permissible only if such combinations result in stable
compounds. Unless indicated otherwise, the following
definitions apply throughout the present specification
and claims. These definitions apply regardless of
whether a term is used by itself or in combination
with other terms. For example, the definition of
"alkyl" also applies to the "alkyl" portion of the
defined term"alkoxy". "An effective amount" or a
"therapeutically effective amount" means to describe
an amount of compound of the present invention or
another agent effective to treat a mammal (e.g.,
human) having a disease or CXC chemokine mediated
condition, and thus producing the desired therapeutic
effect."At least one" means one or more (e.g., 1-3,
1-2, or 1). "Composition" includes a product
comprising the specified ingredients in the specified
amounts, as well as any product that results, directly
or indirectly, from combination of the specified
ingredients in the specified amounts. "In combination
with" as used to describe the administration of a
compound of formula (1) with other medicaments in the
methods of treatment of this invention, means that the
compounds of formula (1) and the other medicaments are
administered sequentially or concurrently in separate
dosage forms, or are administered concurrently in the
same dosage form. "Mammal" means a human and other
mammals, or means a human being. "Patient" includes
both human and other mammals, preferably human. "Bn"
means benzyl. "DCC" means dicyclohexylcarbodiimide.
"Et" means ethyl. "Me" means methyl. 



"Ph" means phenyl. "Prodrug" denotes a compound that
is a drug precursor which, upon administration to a
subject, undergoes chemical conversion by metabolic or
chemical processes to yield a compound of formula (1)
or a salt and/or solvate thereof. A discussion of
prodrugs is provided in T. Higuchi and V. Stella,
Pro-drugs as Novel Delivery Systems, Volume 14 of the
A.C.S. Symposium Series, and in Bioreversible Carriers
in Drug Design, Edward B. Roche, ed., American
Pharmaceutical Association and Pergamon Press, 1987,
both of which are incorporated herein by reference
thereto. "Alkyl" means an aliphatic hydrocarbon group
that may be straight or branched and comprising about
1 to about 20 carbon atoms in the chain. Preferred
alkyl groups contain about 1 to about 12 carbon atoms
in the chain. More preferred alkyl groups contain
about 1 to about 6 carbon atoms in the chain. Branched
means that one or more lower alkyl groups such as
methyl, ethyl, or propyl, are attached to a linear
alkyl chain. "Lower alkyl" means a group having about
1 to about 6 carbon atoms in the chain which chain may
be straight or branched. Non-limiting examples of
suitable alkyl groups include methyl, ethyl, n-propyl,
isopropyl, n-butyl, t-butyl, n-pentyl, heptyl, nonyl,
and decyl."Alkoxy" means an alkyl-O- group wherein
alkyl is as defined above. Nonlimiting examples of
alkoxy groups include: methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy and heptoxy. The bond to the
parent moiety is through the ether oxygen.
"Alkoxyalkyl" means an alkoxy-alkyl-group in which the
alkoxy and alkyl are as previously desribed. Preferred
alkoxyalkyl comprise a lower alkyl group. The bond to
the parent moiety is through the alkyl. "Aryl"
(sometimes abbreviated "ar") means an aromatic
monocyclic or multicyclic ring system, wherein at
least one ring is aromatic, comprising about 6 to
about 14 carbon atoms, preferably about 6 to about 10
carbon atoms. Non-limiting examples of suitable aryl
groups include: phenyl, naphthyl, indenyl,
tetrahydronaphthyl, indanyl, anthracenyl, and
fluorenyl. "Arylalkyl" means an aryl-alkyl-group in
which the aryl and alkyl are as previously desribed.
Preferred arylalkyls comprise a lower alkyl group.
Non-limiting examples of suitable aralkyl groups
include benzyl, 2-phenethyl and napthalenylmethyl. The
bond to the parent moiety is through the alkyl.
"Alkylaryl" means an alkyl-aryl-group in which the
alkyl and aryl are as previously desribed. Preferred
alkylaryls comprise a lower alkyl group. The bond to
the parent moiety is through the aryl. "Aminoalkyl"
means an NH2-alkyl-group, wherein alkyl is as defined
above, bound to the parent moiety through the alkyl
group. "Aminosulfonyl" means NH2S(O)-, NH2S(O)2-,
(H)(R11)NS(O)-, (H)(R11JNS(O)2- , (R1 1)(R12)NS(O)-,
or (R11XR12JNS(O)2- . "Aryloxy" means an aryl-O- group
in which the aryl group is as previously described.
Non-limiting examples of suitable aryloxy groups
include phenoxy and naphthoxy. The bond to the parent
moiety is through the ether oxygen. "Carboxyalkyl"
means an HOOC-alkyl-group, wherein alkyl is as defined
above, bound to the parent moiety through the alkyl
group. "Chemokine" means a cytokine involved in
chemotaxis. "Chemokine-mediated disease" means a
disease of which at least one element or cause is
related to the regulation of a CXC chemokine.
"Cycloalkyl" means a non-aromatic mono- or multicyclic
ring system comprising about 3 to about 10 carbon
atoms, preferrably about 5 to about 10 carbon atoms.
Preferred cycloalkyl rings contain about 5 to about 7
ring atoms. Non-limitingexamples of suitable
monocyclic cycloalkyls include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and
the like. Non-limiting examples of suitable
multicyclic cycloalkyls include 1-decalin, norbomyl,
adamantly and the like. "Cycloalkylalkyl" means a
cycloalkyl group bound to the parent moiety through an
alkyl group. Non-limiting examples include:
cyclopropylmethyl and cyclohexylmethyl.
"Cycloalkylaryl" means a cycloalkyl group bound to the
parent moiety through an aryl group. Non-limiting
examples include: cyclopropylphenyl and
cyclohexylphenyl. "Effective amount" or
"therapeutically effective amount" is meant to
describe an amount of compound or a composition of the
present invention effective in inhibiting the binding
by CXC chemokine receptor of CXC chemokine and thus
producing the desired therapeutic effect in a suitable
patient. "Fluoroalkoxy" means an alkoxy group as
defined above wherein one or more hydrogen atoms on
the alkoxy is replaced by a fluoro group.
"Fluoroalkyl" means an alkyl group as defined above
wherein one or more hydrogen atoms on the alkyl is
replaced by a fluoro group. "Halo" means fluoro,
chloro, bromo, or iodo groups. Preferred are fluoro,
chloro or bromo, and more preferred are fluoro and
chloro. "Halogen" means fluorine, chlorine, bromine,
or iodine. Preferred are fluorine, chlorine and
bromine. "Heterocyclic" (or "heterocycloalkyl" or
"heterocyclyl") refers to a non-aromatic saturated
monocyclic or multicyclic ring system comprising 3 to
10 ring atoms (e.g., 3 to 7 ring atoms), or 5 to 10
ring atoms, in which one or more of the atoms in the
ring system is an element other than carbon, for
example nitrogen, oxygen or sulfur, alone 



or in combination. There are no adjacent oxygen and/or
sulfur atoms present in the ring system. Examples of
heterocyclics or heterocycloalkyls include rings
having 5 to 6 ring atoms. The prefix aza, oxa or thia
before the heterocyclic or heterocycloalkyl root name
means that at least a nitrogen, oxygen or sulfur atom,
respectively, is present as a ring atom. The nitrogen
or sulfur atom of the heterocyclic or heterocycloalkyl
can be optionally oxidized to the corresponding
N-oxide, S-oxide or S,S-dioxide. Non-limiting examples
of monocyclic heterocyclic or heterocycloalkyl rings
include: piperidyl, pyrrolidinyl, piperazinyl,
morpholinyl, thiomorpholinyl,thiazolidinyl,
1,3-dioxolanyl, 1,4-dioxanyl, tetrahydrofuranyl,
tetrahydrothiophen-yl, and tetrahydrothiopyranyl.
"Heterocycloalkylalkyl" means a heterocycloalkyl-alkyl
group, wherein said heterocycloalkyl and said alkyl
are as defined above, bound to a parent moiety through
the alkyl group. "Heteroaryl" means an aromatic
monocyclic or multicyclic ring system comprising 5 to
14 ring atoms, or 5 to 10 ring atoms, in which one or
more of the ring atoms is an element other than
carbon, for example nitrogen, oxygen or sulfur, alone
or in combination. Heteroaryls can contain 5 to 6 ring
atoms. The prefix aza, oxa or thia before the
heteroaryl root name means that at least a nitrogen,
oxygen or sulfur atom respectively, is present as a
ring atom. A nitrogen atom of a heteroaryl can be
optionally oxidized to the corresponding N-oxide.
Non-limiting examples of heteroaryls include: pyridyl,
pyrazinyl, furanyl, thienyl, pyrimidinyl, isoxazolyl,
isothiazolyl, oxazolyl, thiazolyl, pyrazolyl,
furazanyl, pyrrolyl, pyrazolyl, triazolyl, 1,2,4-
thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl,
phthalazinyl, imidazo[1 ,2-a]pyridinyl,
imidazo[2,1-b]thiazolyl, benzofurazanyl, indolyl,
azaindolyl, benzimidazolyl, benzothienyl, quinolinyl,
imidazolyl, thienopyridyl, quinazolinyl,
thienopyrimidyl, pyrrolopyridyl, imidazopyridyl,
isoquinolinyl, benzoazaindolyl, 1,2,4-triazinyl, and
benzothiazolyl. "Heteroaralkyl" or "heteroarylalkyl"
means a heteroaryl -alkyl- group, in which the
heteroaryl and alkyl are as previously described.
Preferred heteroaralkyls can contain a lower alkyl
group. Non-limiting examples of suitable aralkyl
groups include pyridylmethyl, 2-(furan-3-yl)ethyl and
quinolin=3=ylmethyl. The bond to the parent moiety is
through the alkyl. "Hydroxyalkyl" means a HO-alkyl-
group in which alkyl is as previously defined.
Preferred hydroxyalkyls contain lower alkyl.
Non-limiting examples of suitable hydroxyalkyl groups
include hydroxymethyl and 2-hydroxyethyl. "Hydrate" is
a solvate wherein the solvent molecule is H2O.
"Solvate" means a physical association of a compound
of this invention with one or more solvent molecules.
This physical association involves varying degrees of
ionic and covalent bonding, including hydrogen
bonding. In certain instances the solvate will be
capable of isolation, for example when one or more
solvent molecules are incorporated in the crystal
lattice of the crystalline solid. "Solvate"
encompassesboth solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates
include ethanolates, methanolates, and the like. The
term "substituted" means substitution with specified
groups other than hydrogen, or with one or more
groups, moieties or radicals which can be the same or
different, with each, for example, being independently
selected. The moiety labeled as "5-het" in formula (1)
represents the ring with the indicated substituents,
i.e., the moiety "5-het" is R1 Examples of
disease-modifying antirheumatic drugs include, for
example, methotrexate, sulfasalzine, leflunomide, TNFa
directed agents (e.g., infliximab, etanercept, and
adalimumab), IL-1 directed agents (e.g., anakinra) B
cell directed agents (e.g., rituximab), T cell
directed agents (e.g., alefacept, efalizumab, and
CTLA4-lg), TNF a-converting enzyme inhibitors,
interleukin-1 converting enzyme inhibitors, and p38
kinase inhibitors. The term "other classes of
compounds indicated for the treatment of rheumatoid
arthritis", as used herein, unless indicated
otherwise, means: compounds selected from the group
consisting of: IL-1 directed agents (e.g., anakinra);
B cell directed agents (e.g., rituximab); T cell
directed agents (e.g., alefacept, efalizumab, and
CTLA4-lg), TNFa-converting enzyme inhibitors,
interleukin-1 converting enzyme inhibitors, and p38
kinase inhibitors. As well known in the art, a bond
drawn from a particular atom wherein no moiety is
depicted at the terminal end of the bond indicates a
methyl group bound through that bond to the atom. For
example: representsrepresents It should also be noted
that throughout the specification and Claims appended
hereto any formula, compound, moiety or chemical
illustration with unsatisfied valences is assumed to
have the hydrogen atom to satisfy the valences unless
the context indicates a bond. The compounds of formula
(1) form salts that are also within the scope of this
invention. Reference to a compound of formula (1)
herein is understood to include reference to salts
thereof, unless otherwise indicated. The term
"salt(s)", as employed herein, denotes acidic salts
formed with inorganic and/or organic acids, as well as
basic salts formed with inorganic and/or organic
bases. In addition, when a compound of formula (1 )
contains both a basic moiety, such as, but not limited
to a pyridine or imidazole, and an acidic moiety, such
as, but not limited to a carboxyiic acid, 



zwitterions ("inner salts") may be formed and are
included within the term "salt(s)" as used herein. The
salts can be pharmaceutically acceptable (i.e.,
non-toxic, physiologically acceptable) salts, although
other salts are also useful. Salts of the compounds of
the formula (1) may be formed, for example, by
reacting a compound of formula ( 1) with an amount of
acid or base, such as an equivalent amount, in a
medium such as one in which the salt precipitates or
in an aqueous medium followed by lyophilization.
Exemplary acid addition salts include acetates,
adipates, alginates, ascorbates, aspartates,
benzoates, benzenesulfonates, bisulfates, borates,
butyrates, citrates, camphorates, camphorsulfonates,
cyclopentanepropionates, digluconates,dodecylsulfates,
ethanesulfonates, fumarates, glucoheptanoates,
glycerophosphates, hemisulfates, heptanoates,
hexanoates, hydrochlorides, hydrobromides,
hydroiodides, 2-hydroxyethanesulfonates, lactates,
maleates, methanesulfonates, 2- napthalenesulfonates,
nicotinates, nitrates, oxalates, pectinates,
persulfates, 3- phenylpropionates, phosphates,
picrates, pivalates, propionates, salicylates,
succinates, sulfates, sulfonates (such as those
mentioned herein), tartarates, thiocyanates,
toluenesulfonates (also known as tosylates)
undecanoates, and the like. Additionally, acid which
are generally considered suitable for the formation of
pharmaceutically useful salts from basic
pharmaceutical compounds are discussed, for example,
by S. Berge et al, Journal of Pharmaceutical Sciences
( 1977) 66(1 ) 1-19; P. Gould, International J. of
Pharmaceutics (1986) 33 201-217; Anderson et al, The
Practice of Medicinal Chemistry (1996), Academic
Press, New York; in The Orange Book (Food & Drug
Administration, Washington, D.C. on their website).
These disclosures are incorporated herein by reference
thereto. Exemplary basic salts include ammonium salts,
alkali metal salts such as sodium, lithium, and
potassium salts, alkaline earth metal salts such as
calcium and magnesium salts, salts with organic bases
(for example, organic amines) such as benzathines,
dicyclohexylamines, hydrabamines (formed with N Nbis(
dehydroabietyl)ethylenediamine),
N-methyl-D-glucamines, N-methyl-Dglucamides, t-butyl
amines, and salts with amino acids such as arginine,
lysine and the like. Basic nitrogen-containing groups
may be quarternized with agents such as lower alkyl
halides (e.g., methyl, ethyl, propyl, and butyl
chlorides, bromides and iodides), dialkyl sulfates
(e.g., dimethyl, diethyl, dibutyl, and diamyl
sulfates), long chain halides (e.g., decyl, lauryl,
myristyl, and stearyl chlorides, bromides and
iodides), araalkyl halides (e.g., benzyl and phenethyl
bromides), and others. All such acid and base salts
are intended to be pharmaceutically acceptable salts
within the scope of the invention and all acid and
base salts are considered equivalent to the free forms
of the corresponding compounds for purposes of the
invention. Compounds of formula ( 1) can exist in
unsolvated and solvated forms, including hydrated
forms. In general, the solvated forms, with
pharmaceutically acceptable solvents such as water,
ethanol and the like, are equivalent to the unsolvated
forms for the purposes of this invention.Compounds of
formula (1) and salts, solvates and prodrugs thereof,
may exist in their tautomeric form (for example, as an
amide or imino ether). All such tautomeric forms are
contemplated herein as part of the present invention.
Also within the scope of the present invention are
polymorphs of the compounds of this invention (i.e.,
polymorphs of the compounds of formula 1 are within
the scope of this invention). Prodrugs of the
compounds of formula (1) or pharmaceutically
acceptable salts or solvates thereof are within the
scope of the claimed invention. All stereoisomers (for
example, geometric isomers, optical isomers and the
like) of the present compounds (including those of the
salts, solvates and prodrugs of the compounds as well
as the salts and solvates of the prodrugs), such as
those which may exist due to asymmetric carbons on
various substituents, including enantiomeric forms
(which may exist even in the absence of asymmetric
carbons), rotameric forms, atropisomers, and
diastereomeric forms, are contemplated within the
scope of this invention. Individual stereoisomers of
the compounds of the invention may, for example, be
substantially free of other isomers, or may be
admixed, for example, as racemates or with all other,
or other selected, stereoisomers. The chiral centers
of the present invention can have the S or R
configuration as defined by the IUPAC1974
Recommendations. The use of the terms "salt",
"solvate" "prodrug" and the like, is intended to
equally apply to the salt, solvate and prodrug of
enantiomers, stereoisomers, rotamers, tautomers,
racemates or prodrugs of the inventive compounds.
Classes of compounds that can be used as the
chemotherapeutic agent (antineoplastic agent) include:
alkylating agents, antimetabolites, natural products
and their derivatives, hormones and steroids
(including synthetic analogs), and synthetics.
Examples of compounds within these classes are given
below. Alkylating agents (including nitrogen mustards,
ethylenimine derivatives, alkyl sulfonates,
nitrosoureas and triazenes): Uracil mustard,
Chlormethine, Cyclophosphamide (Cytoxan(r)),
Ifosfamide, Melphalan, Chlorambucil, Pipobroman,
Triethylene-melamine, Triethylenethiophos-phoramine,
Busulfan, Carmustine, Lomustine, Streptozocin,
Dacarbazine, and Temozolomide.Antimetabolites
(including folic acid antagonists, pyrimidine analogs,
purine analogs and adenosine deaminase inhibitors):
Methotrexate, 5-Fluorouracil, Floxuridine, Cytarabine,
6-Mercaptopurine, 6-Thioguanine, Fludarabine
phosphate, 



Pentostatine, and Gemcitabine. Natural products and
their derivatives (including vinca alkaloids,
antitumor antibiotics, enzymes, lymphokines and
epipodophyllotoxins): Vinblastine, Vincristine,
Vindesine, Bleomycin, Dactinomycin, Daunorubicin,
Doxorubicin, Epirubicin, Idarubicin, paclitaxel
(paclitaxel is commercially available as Taxol(r) and
is described in more detail below), Mithramycin,
Deoxyco-formycin, Mitomycin-C, L-Asparaginase,
Interferons (especially IFN-a), Etoposide, and
Teniposide. Hormones and steroids (including synthetic
analogs): 17#-Ethinylestradiol, Diethylstilbestrol,
Testosterone, Prednisone, Fluoxymesterone,
Dromostanolone propionate, Testolactone,
Megestrolacetate, Tamoxifen, Methylprednisolone,
Methyltestosterone, Prednisolone, Triamcinolone,
Chlorotrianisene, Hydroxyprogesterone,
Aminoglutethimide, Estramustine,
Medroxyprogesteroneacetate, Leuprolide, Flutamide,
Toremifene, Zoladex. Synthetics (including inorganic
complexes such as platinum coordination complexes):
Cisplatin, Carboplatin, Hydroxyurea, Amsacrine,
Procarbazine, Mitotane, Mitoxantrone, Levamisole, and
Hexamethylmelamine. Methods for the safe and effective
administration of most of these chemotherapeutic
agents are known to those skilled in the art. In
addition, their administration is described in the
standard literature. For example, the administration
of many of the chemotherapeutic agents is described in
the "Physicians' Desk Reference" (PDR), e.g., 2003
edition (Thomson PDR, Montvale, NJ 07645-1742, USA);
the disclosure of which is incorporated herein by
reference thereto. As used herein, a microtubule
affecting agent is a compound that interferes with
cellular mitosis, i.e., having an anti-mitotic effect,
by affecting microtubule formation and/or action. Such
agents can be, for instance, microtubule stabilizing
agents or agents that disrupt microtubule formation.
Microtubule affecting agents useful in the invention
are well known to those of skilled in the art and
include, but are not limited to allocolchicine (NSC
406042), Halichondrin B (NSC 609395), colchicine (NSC
757), colchicine derivatives (e.g., NSC 33410),
dolastatin 10 (NSC 376128), maytansine (NSC 153858),
rhizoxin (NSC332598), paclitaxel (Taxol(r), NSC
125973), Taxol(r) derivatives (e.g., derivatives
(e.g., NSC 608832), thiocolchicine (NSC 361792),
trityl cysteine (NSC 83265), vinblastine sulfate (NSC
49842), vincristine sulfate (NSC 67574), epothilone A,
epothilone, and discodermolide (see Service, (1996)
Science, 274:2009) estramustine, nocodazole, MAP4, and
the like. Examples of such agents are also described
in the scientific and patent literature, see, e.g.,
Bulinski (1997) J. Cell ScL 110:3055-3064; Panda
(1997) Proc. Natl. Acad. ScL USA 94:10560-10564;
Muhlradt (1997) Cancer Res. 57:3344- 3346; Nicolaou
(1997) Nature 387:268-272; Vasquez (1997) MoI. Biol.
Cell. 8:973- 985; Panda (1996) J. Biol. Chem. 271
:29807-29812. Particularly, agents can be compounds
with paclitaxel-like activity. These include, but are
not limited to paclitaxel (e.g., TAXOL (r) NSC number
125973) and paclitaxel derivatives (paclitaxel-like
compounds) and analogues. Paclitaxel and its
derivatives are available commercially. In addition,
methods of making paclitaxel and paclitaxel
derivatives and analogues are well known to those of
skilled in the art (see, e.g., U.S. Patent Nos:
5,569,729; 5,565,478; 5,530,020; 5,527,924; 5,508,447;
5,489,589; 5,488,1 16; 5,484,809; 5,478,854;
5,478,736; 5,475,120; 5,468,769; 5,461 ,169;
5,440,057; 5,422,364; 5,41 1,984; 5,405,972; and
5,296,506). Additional microtubule affecting agents
can be assessed using one of many such assays known in
the art, e.g., a semiautomated assay which measures
the tubulin-polymerizing activity of paclitaxel
analogs in combination with a cellular assay to
measure the potential of these compounds to block
cells in mitosis (see Lopes (1997) Cancer Chemother.
Pharmacol. 4 1:37-47). This invention provides novel
compounds of the formula (1): and the pharmaceutically
acceptable salts (e.g., sodium or calcium salt) and
solvates thereof, wherein: Y is selected from the
group consisting of: unsubstituted phenyl, substituted
phenyl, unsubstituted pyridinyl, substituted
pyridinyl, unsubstituted pyrazinyl,substituted
pyrazinyl, unsubstituted pyrimidinyl substituted
pyrimidinyl, unsubstituted thiophene-yl, substituted
thiophene-yl, unsubstituted thiazolyl, substituted
thiazolyl, unsubstituted furanyl, substituted furanyl,
unsubstituted isoxazolyl, substituted isoxazolyl,
unsubstituted oxazolyl, substituted oxazolyl,
unsubstituted naphthyl, substituted naphthyl,
unsubstituted indolyl, substituted indolyl,
unsubstituted benzoimidazolyl, substituted
benzoimidazolyl, unsubstituted benzodioxolyl,
substituted benzodioxolyl, unsubstituted quinolinyl,
substituted quinolinyl, unsubstituted benzofuranyl,
substituted benzofuranyl, substituted
benzothiophene-yl, unsubstituted benzothiophene-yl,
unsubstituted pyrrolyl, substituted pyrrolyl,
unsubstituted isothiazolyl, substituted isothiazolyl,
unsubstituted pyrazolyl, substituted pyrazolyl,
unsubstituted pyridazinyl, substituted pyridazinyl,
unsubstituted isoquinolinyl, substituted
isoquinolinyl, unsubstituted pyridopyrazinyl,
substituted pyridopyrazinyl, unsubstituted
napthyridinyl, substituted napthyridinyl,
unsubstituted triazolyl (e.g. 1,2,4 - triazolyl),
substituted triazolyl (e.g. substituted 1,2,4 -
triazolyl), unsubstituted tetrazolyl, substituted
tetrazolyl, unsubstituted triazinyl, substituted
triazinyl, unsubstituted chromenyl, substituted
chromenyl, unsubstituted pteridinyl, substituted
pteridinyl, unsubstituted purinyl, and substituted
purinyl; said substituted Y groups being substituted
with 1 to 5 substituents independently selected from
the group consisting of: -OH, halogen, cyano, -CF3,
-OCF3, -NR11R12 , -NR11 -(CO)NR11R12 , 



-C(O)NR 11R12 , -CO2R11 , -OR11, -SO(t)NR11R12,
-NR11SO(t)R12 , -COR11 , substituted aryl,
unsubstituted aryl, substituted alkyl, unsubstituted
alkyl, substituted alkoxy, unsubstituted alkoxy,
substituted arylalkyl, unsubstituted arylalkyl,
substituted heteroaryl, unsubstituted heteroaryl,
substituted aryloxy, unsubstituted aryloxy,
substituted heteroarylalkyl, unsubstituted
heteroarylalkyl, substituted heteroarylalkoxy,
unsubstituted heteroarylalkoxy, substituted
heterocycloalkyl, unsubstituted heterocycloalkyl,
substituted hydroxyalkyl, unsubstituted hydroxyalkyl;
wherein the substituted substituent groups bound to Y
are substituted with 1 to 6 (e.g., 1, or 1-2, or 1-3,
or 1-4, or 1-5, or 1-6) substituents independently
selected from the group consisting of halogen, -CF3,
-COR11,-OR11, -NR11R12, -NO2, -CN, -SO2R11 ,
-SO2NR11R12, -NR11C(O)R12 , -C(O)NR 11R12, -NR11CO2R12
and -CO2R11 ; Q is selected from the group consisting
of:the ring (represented by the dashed lines) of the
5-het moiety is a heteroaryl ring selected from the
group consisting of: thiophene-yl, isothiazolyl,
pyrrolyl and pyrazolyl; R1 is bonded to a carbon atom
of said 5-het and R1 is selected from the group
consisting of: hydrogen, halogen, unsubstituted alkyl,
substituted alkyl, unsubstituted alkoxy, substituted
alkoxy, -OH, -OCF3, -CF3, -CN, -NO2, -C(O)R 11,
-C(O)OR 11, -C(O)NR 11R12, -SO(t)NR11R12 , -SO(t)R11 ,
-C(O)NR 11OR12, unsubstituted aryl, substituted aryl,
unsubstituted heteroaryl, and substituted heteroaryl;
R2 is bound to a carbon atom of said 5-het and R2 is
selected from the group consisting of: -OH, -OC(O)NHR
16, -NHC(O)R 16 and -NHS(O) 2R16 ; n = Oor 1; n' = Oor
1; R3, when n is 1, is bonded to a carbon atom in said
5-het, and R3 is selected from the group consisting
of: halogen, cyano, -CF3, substituted alkyl,
unsubstituted alkyl, substituted aryl, unsubstituted
aryl, substituted heteroaryl and unsubstituted
heteroaryl; R4, when n' is 1, is bonded to a nitrogen
atom in said 5-het and R4 is selected from the group
consisting of: substituted alkyl, unsubstituted alkyl,
substituted aryl, unsubstituted aryl, substituted
heteroaryl, unsubstituted heteroaryl, -COOR17 and
-OR17; R5 is selected from the group consisting of:
hydrogen, cyano, substituted alkyl, unsubstituted
alkyl, substituted alkoxy, unsubstituted alkoxy,
substituted aryl or unsubstituted aryl, substituted
heteroaryl, unsubstituted heteroaryl, substituted
arylalkyl, unsubstituted arylalkyl, -S(O)tNR13R14 ,
-S(O)tR13 (e.g., -SO2aryl (such as -SO 2phenyl),
-SO2cycloalkyl (such as -SO 2cyclopropyl), -SO 2alkyl
(such as -SO 2isopropyl)), -SO2fluoroalkyl (such as
-SO 2CF3), -C(O)2 R13 , -C(O)NR13R14 and -C(O)R13; R11
and R12 are independently selected from the group
consisting of: hydrogen, unsubstituted alkyl,
substituted alkyl, unsubstituted aryl, substituted
aryl, unsubstitutedalkylaryl, substituted alkylaryl,
unsubstituted arylalkyl, substituted arylalkyl,
unsubstituted cycloalkyl, substituted cycloalkyl,
carboxyalkyl (e.g., -alkylCOOH, such as CH2COOH),
aminoalkyl, unsubstituted heteroaryl, substituted
heteroaryl, unsubstituted heteroarylalkyl, substituted
heteroarylalkyl, unsubstituted heterocycloalkylalkyl,
substituted heterocycloalkylalkyl, unsubstituted
cycloalkylalkyl, substituted cycloalkylalkyl,
unsubstituted heterocyclic, substituted heterocyclic,
unsubstituted fluoroalkyl, and substituted
fluoroalkyl; or R11 and R12 , together with the
nitrogen atom to which they are bound to in the groups
-C(O)NR 11R12 and -SO(t)NR1 1R12, form an
unsubstituted or substituted saturated heterocyclic
ring, said ring optionally containing 1 to 3
additional heteroatoms wherein said optional
heteroatoms are selected from the group consisting of
O, S and -N(R 15) , wherein there are optionally 1 to
3 substituents on the substituted cyclized R11 and R12
groups and each substituent is independently selected
from the group consisting of alkyl, aryl, hydroxy,
cyano, hydroxyalkyl, alkoxy, alkoxyalkyl, arylalkyl,
fluoroalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl,
heteroarylalkyl, amino, aminoalkyl, -C(O)OR 13,
-C(O)NR13R14 , -S(O) NR13R14 , -C(O)R13 , -SO2R13,
-NHC(O)NR 13R14 , -NHC(O)OR 13, halogen, and -N(R 15 2
wherein each R15 is independently selected; R13 and
R14 independently selected from the group consisting
of: H, unsubstituted alkyl, substituted alkyl,
unsubstituted aryl, substituted aryl, unsubstituted
arylalkyl, substituted arylalkyl, unsubstituted
heteroaryl, substituted heteroaryl, unsubstituted
cycloalkyl, substituted cycloalkyl, unsubstituted
heteroarylalkyl, and substituted heteroarylalkyl; R15
is selected from the group consisting of: H,
unsubstituted alkyl, substituted alkyl, unsubstituted
fluoroalkyl, substituted fluoroalkyl, unsubstituted
aryl, substituted aryl, unsubstituted heteroaryl,
substituted heteroaryl, unsubstituted arylalkyl,
substituted arylalkyl, -C(O)2R13, -C(O)NR13R14, -S(O)
NR13R14 , -C(O)R13 and -SO2R13; R16 is selected from
the group consisting of: substituted alkyl,
unsubstituted alkyl, substituted fluoroalkyl,
unsubstituted fluoroalkyl, substituted aryl,
unsubstituted aryl, substituted heteroaryl and
unsubstituted heteroaryl; R17 is selected from the
group consisting of: alkyl, substituted alkyl,
unsubstituted alkyl, substituted aryl, unsubstituted
aryl, substituted heteroaryl, unsubstituted
heteroaryl, unsubstituted fluoroalkyl, substituted
fluoroalkyl,unsubstituted arylalkyl, substituted
arylalkyl, unsubstituted heteroarylalkyl, substituted 



heteroarylalkyl, substituted cycloalkyl and
unsubstituted cycloalkyl; wherein when said
substituted R1, R3, R4, R5, R11 , R12 , R13 , R14 ,
R15, R16, and R17 groups are other than substituted
alkyl, then the substituents for said substituted R1,
R3, R4, R5, R11 , R12, R13 , R14 , R15, R16, and R17
groups are independently selected from the group
consisting of: alkyl, -CF3, -OH, alkoxy, hydroxyalkyl
(e.g., -CH2OH), aryl, arylalkyl, aminoalkyl (e.g.,
-CH2N(R15 , wherein each R15 is as defined above and
each R15 is the same or different), fluoroalkyl,
fluoroalkoxy, cycloalkyl, cycloalkylaryl, heteroaryl,
heteroarylalkyl, halogen, -C(O)2R133, -C(O)NR 13aR14a,
-S(O)tNR13aR14a, -C(O)R133, -SO2R133, and -N(R 15a)2,
wherein each R13a, R14a, and R15a is independently
selected from the group consisting of unsubstituted
alkyl (e.g., methyl, ethyl and isopropyl),
unsubstituted aryl (e.g., phenyl), halo substituted
aryl (e.g., chlorophenyl (e.g., 3-chlorophenyl) and
fluorophenyl (e.g., 3-fluorophenyl)), unsubstituted
arylalkyl (e.g., benzyl), halo substituted arylalkyl
(e.g., fluorobenzyl (e.g., 3-fluorobenzyl), and
chlorobenzyl (e.g., 3-chlorobenzyl)), and
unsubstituted cycloalkyl (e.g., cyclohexyl and
cyclopropyl), except that the cyclized R11 and R12 are
optionally substituted as provided above; wherein when
said substituted R1, R3, R4, R5, R11 , R12, R13 , R14
, R15 , R16, and R17 groups are substituted alkyl,
then the substituents for said substituted R1, R3, R4,
R5, R11, R12 , R13 , R14 , R15, R16, and R17 groups
are independently selected from the group consisting
of: -CF3, -OH, alkoxy, hydroxyalkyl (e.g., -CH2OH),
aryl, arylalkyl, aminoalkyl (e.g., -CH2N(R15 2,
wherein each R15 is as defined above and each R15 is
the same or different), fluoroalkyl, fluoroalkoxy,
cycloalkyl, cycloalkylaryl, heteroaryl,
heteroarylalkyl, halogen, -C(O)2R133, -C(O)NR 133R143,
-S(O)1NR133R143, -C(O)R133, -SO2R133, and -N(R 153 2,
wherein each R13a, R14a, and R15a is independently
selected from the group consisting of unsubstituted
alkyl (e.g., methyl, ethyl and isopropyl),
unsubstituted aryl (e.g., phenyl), halo substituted
aryl (e.g., chlorophenyl (e.g., 3-chlorophenyl) and
fluorophenyl (e.g., 3-fluorophenyl)), unsubstituted
arylalkyl (e.g., benzyl), halo substituted arylalkyl
(e.g., fluorobenzyl (e.g., 3-fluorobenzyl), and
chlorobenzyl (e.g., 3-chlorobenzyl)), and
unsubstituted cycloalkyl (e.g., cyclohexyl and
cyclopropyl), except that the cyclized R11 and R12 are
optionally substituted as provided above; and t is 1
or 2.In one embodiment of the compound of formula (1),
the substituted Y groups are substituted with 1-5, or
1-3 (e.g., 1, or 1-2, or 1-3) substituents
independently selected from the group consisting of
(a) alkyl, (b) alkyl substituted with 1-3 (e.g., 1,
1-2, or 1-3) substituents selected from the group
consisting at -OH and -N(R 15)2 wherein each R15 is
independently selected, (c) alkoxy, (d) fluoroalkyl,
(e) fluoroalkoxy, (f) halo (e.g., Br, F, I), (g) -CN
and (h) -OH. In another embodiment of the compounds of
formula ( 1), Y is selected from the group consisting
of: (R6)1,P ,wherein: k= 0 to 5; m = 0 to 4; q = 0 to
3 ; p = 0 to 2; R6 and R7 are independently selected
from the group consisting of: -OH, halogen, cyano,
-CF3, -OCF3, -NR11R12, -NR11(CO)NR11R12 , -C(O)NR
11R12 , -CO2R11, -OR11 , -SO(J)NR11R12 , -NR11SO(t)R12
, -COR11 , substituted aryl, unsubstituted aryl,
substituted alkyl, unsubstituted alkyl, substituted
alkoxy, unsubstituted alkoxy, substituted arylalkyl,
unsubstituted arylalkyl, substituted heteroaryl,
unsubstituted heteroaryl, substituted aryloxy,
unsubstituted aryloxy, substituted heteroarylalkyl,
unsubstituted heteroarylalkyl, substituted
heteroarylalkoxy, unsubstituted heteroarylalkoxy,
substituted heterocycloalkyl, unsubstituted
heterocycloalkyl, substituted hydroxyalkyl, and
unsubstituted hydroxyalkyl; wherein the R6 groups are
substituted with 1-6 substituents (e.g., 1, or 1-2, or
1-3, or 1-4, or 1-5, or 1-6), and the substituted R7
groups are optionally substituted with 1 to 6
substituents, and each substituent on said substituted
R6 group and each substituent on said substituted R7
group is independently selected from the group
consisting of: R11 , halogen, -CF3, -CQR11, -OR11 ,
-NR11R12, -NO2, -CN, -SO2R11 , -SO2NR11R12,
-NR11C(O)R12 , -C(O)NR11R12 , -NR11CO2R12 and -CO2R11
. In still another embodiment of the compounds of
formula (1), 5-het is selected from the group
consisting of:In still another embodiment of the
compounds of formula (1), 5-het is selected from the
group consisting of: R4 R4 Q is selected from the
group consisting of: Y is selected from the group
consisting of: In still yet another embodiment of the
compounds of formula ( 1), 5-het is selected from the
group consisting of:Q is selected from the group
consisting of: Y is selected from the group consisting
of: In another aspect of the compounds of formula (1),
5-het is: Q is selected from the group consisting of:
Y is: (e.g., k is 2 and each R6 is independently
selected) 



R1 is selected from the group consisting of
-SO(t)NR11R12 and -SO(t)R11;R2 is -OH or -OC(O)NHR 16;
R3 is selected from the group consisting of: H, alkyl,
halogen and -CF3; and R6 is halogen or alkyl. In still
another aspect of the compounds of the formula ( 1):
R1 s -SO2NR11R12; R3 is selected from the group
consisting of: H, Cl and -CF ; R11 is selected from
the group consisting of: H, unsubstituted alkyl,
substituted alkyl, unsubstituted cycloalkyl and
substituted cycloalkyl; R12 is selected from the group
consisting of: H, unsubstituted alkyl, substituted
alkyl, unsubstituted cycloalkyl and substituted
cycloalkyl; R2 is -OH or -OC(O)NHR16; R16 is selected
from the group consisting of: alkyl, aryl and
heteroaryl; and Y is wherein R6 and R7 are as defined
above. In still yet another aspect of the compounds of
formula ( 1), 5-het is selected from the group
consisting of: R1 is selected from the group
consisting of:R2 is selected from the group consisting
of: -OH, -OC(O)NHCH2CH3, -OC(O)NHCH(CHs)2, and
-NHCOCF3; R3, when n is 1, is selected from the group
consisting of: H, Cl, -CF3 and -CH3; R4, when n' is 1,
is CH3; Q is selected from the group consisting of: R
is selected from the group consisting of: H, -CN,
-SO2Ph, Y is selected from the group consisting
of:Thus, in one embodiment of the compounds of formula
(1), 5-het is selected from the group consisting of:
R1 is selected from the group consisting of: , R5 is
-CN orY is selected from the group consisting of: One
embodiment of the compounds of this invention is
directed to the compounds of formula 1 wherein R2 is
-OH, i.e., the compounds of formula: and the
pharmaceutically acceptable salts (e.g., sodium or
calcium salt) and solvates thereof, wherein R1, R3,
R4, n, n1, Q and Y are as defined for formula 1 and
the embodiments thereof. Another embodiment of this
invention is directed to the compounds of formula (2)
wherein R1 is selected from the group consisting of
heteroaryl and aminosulfonyl (e.g., -S(O)2NR11R12
wherein R11 and R12 are defined above, such as for
example, -S(O)2(CH2CH3)2), and all other substituents
are as defined above for formula 1. Another embodiment
of this invention is directed to the compounds of
formula (2) wherein R1 is -S(O) 2NR11R12 , and all
other substituents are as defined above for formula 1.
Another embodiment of this invention is directed to
the compounds of formula (2) wherein R1 is -S(O)
2NR11R12 and R11 and R12 are selected from the group
consisting of: H, unsubstituted alkyl, substituted
alkyl, unsubstituted cycloalkyl, substituted
cycloalkyl, and the unsubstituted or substituted
saturated heterocyclic ring formed when R11 and R12
are taken together with the nitrogen atom to which
they are bound, and all other substituents are as
defined above for formula 1.Another embodiment of this
invention is directed to the compounds of formula (2)
wherein R1 is -S(O) 2NR11R12 and R11 and R12 are
selected from the group consisting of: unsubstituted
alkyl, substituted alkyl, unsubstituted cycloalkyl,
substituted cycloalkyl, and the unsubstituted or
substituted saturated heterocyclic ring formed when
R11 and R12 are taken together with the nitrogen atom
to which they are bound, and all other substituents
are as defined above for formula 1. Another embodiment
of this invention is directed to the compounds of
formula (2) wherein R1 is -S(O) 2NR11R12 and R11 and
R12 are selected from the group consisting of:
unsubstituted alkyl (e.g., methyl) and unsubstituted
cycloalkyl, and all other substituents are as defined
above for formula 1. Additional embodiments are
described below. The embodiments have been numbered
for purposes of reference Embodiment No. 1 is directed
to a compound of the formula (1) wherein 5-het is
selected from the group consisting of:UREA ANTAGONISTS
OF Y1 RECEPTOR USEFUL IN THE TREATMENT OF THROMBOTIC
CONDITIONS FIELD OF THE INVENTION [0001] The present
invention provides novel ureas containing JV-aryl or
Nheteroaryl substituted heterocycles and analogues
thereof, which are selective inhibitors of the human
P2Yj receptor. The invention also provides for various
pharmaceutical compositions of the same and methods
for treating diseases responsive to modulation of P2Yj
receptor activity. BACKGROUND OF THE INVENTION [0002]
Purinoreceptors bind to and are activated by a variety
of both ribosylated (nucleotide) and non-ribosylated
(nucleoside) purines. This distinction has been used
to classify these receptors into two broad groups: the
Pl receptors (Al, A2a, A2b and A3), which bind to and
are activated by the nucleoside adenosine, and the P2
receptors, which comprise a second, more diverse class
of receptors which are activated by a wide variety of
nucleotides including ATP, ADP, UTP and UDP. The 



P2 receptors can be further subdivided into two
distinct types of receptors; the ionotropic P2X
receptors that mediate cation flux across cellular
membranes in response to ATP and the metabotropic P2Y
family of receptors which are G-protein coupled
receptors. In humans, the P2Y family of receptors is
generally considered to consist of seven distantly
related members; P2Yj, P2Y2 , P2Y4 , P2Y6, P2Yn , P2Y
12 , and P2Y 13 (Boeynaems, J. M. et al. Drug
Development Research 2000, 52, 187-9). In addition, an
eighth receptor, P2Yj4, has been considered by some to
be a member of this class although it does not respond
to ribosylated nucleotides and is activated by
UDP-glucose (Abbracchio, M. P. et al. Trends
Pharmacol. Sci. 2003, 24, 52-5). [0001] Several
studies have suggested that modulators of specific
members of the P2Y family of receptors could have
therapeutic potential for the treatment of a variety
of disorders (for review see Burnstock, G. and
Williams, M. J.Phaim. Exp Ther. 2000, 295, 862-9),
including diabetes, cancer. CF5 and treatment of
ischemiareperfusion injury (Abbracchio M.P., Burnstock
G. Pharmacol. Ther. 1994, 64, 445- 475). P2Y1
receptors, almost ubiquitous among human organs
(Jassens R; CommuniD.; Pirotton S. et al. Biochem.
Biophys. Res. Comm. 1996, 111, 588-593) have been
identified on microglia ( Norenberg W. et al; Br. J.
Pharmacol. 199 , 111, 942-950) and on astrocytes
(Salter M.W. and Hicks JX. J.Neurosc. 1995, 15,
2961-2971). Extracellular ATP activates microglial
and/or astrocytes via P2Y receptors and leads directly
to the release of inflammatory mediators. Microglia
and astrocytes are believed to play a role in the
progression of Alzheimer's disease and other CNS
inflammatory disorders such as stroke and multiple
sclerosis. [0003] Two members of the P2Y family, P2Yj
and P2Y12 , are of particular interest as they have
now both been shown to act as important receptors for
ADP in platelets (Jin, J. et al. Proc. Natl. Acad. ScL
1998, 95, 8070). ADP is a key activator of platelets
and platelet activation is known to play a pivotal
role in thrombus formation under conditions of high
shear stress such as those found in the arterial
circulation, hi addition, more recent data has
suggested that platelet activation may also play a
role in mediating thrombus formation under lower shear
stress such as that found in the venous circulation.
ADP activates platelets by simultaneously interacting
with both P2Y and P2Y 2 to produce two separate
intracellular signals which synergize together to
produce complete platelet activation. The first signal
arises from ADP driven activation of the P2Y receptor
and can most easily be tracked by measuring the
transitory increase in intracellular free Ca+2 . This
signal appears to mediate the initial shape change
reaction and to initiate the process of platelet
activation. The second signal appears to be derived
from ADP activation of the P2Y 2receptor and serves to
consolidate the process and produce an irreversible
platelet aggregate. Using three structurally related
but distinct inhibitors of P2Y (A3P5P, A3P5PS and
A2P5P), Daniel, J. L. et al. (J. Biol. Chem. 1998,
273, 2024-9), Savi, P. et al. (FEBS Letters 1998, 422,
291-5), and Hechler, B. et al. (Br. J. Haematol. 1998,
103, 858-66) were the first to publish the observation
that the inhibition of P2Y activity alone could block
ADP-driven aggregation independently of the P2Y 2
receptor. Although inhibition of platelet reactivity
is often thought of as firm evidence of an
anti-thrombotic activity, these antagonists lacked the
necessary pharmacological properties for in vivo
study. The first direct demonstration that inhibition
of P2Y activity could lead to an anti-thrombotic
effect in vivo was reportedby Leon, C. et al.
Circulation 2001, 103, 718-23, in a model of
thromboplastin induced thromboembolism using both a
P2Y knock-out mouse and the P2Y antagonist MRS-2179
(Baurand, A. and Gachet, C. Cardiovascular Drug
Reviews 2003, 21, 61-16). These results were
subsequently extended to include the inhibition of
both venous and arterial thrombosis in the rat
(Lenain, N. et al. J. Tlwomb. Haemost. 2003, 1,
1144-9) and confirmed by a second laboratory using an
independently derived P2Y knock-out mouse (Fabre, J-E.
et al. Nature Medicine 1999, 5, 1199-1202). Taken
together, these data suggest that the discovery of
novel P2Y antagonists with improved pharmaceutical
characteristics could have significant utility in the
treatment of a variety of thromboembolic disorders.
SUMMARY OF THE INVENTION [0004] Accordingly, the
present invention provides novel ureas containing
Naryl or iV-heteroaryl substituted heterocycles, which
are useful as selective inhibitors of the P2Y receptor
including stereoisomers, pharmaceutically acceptable
salts, solvates, or prodrugs thereof. [0005] The
present invention also provides processes and
intermediates for making the compounds of the present
invention or a stereoisomer or a pharmaceutically
acceptable salt, solvate, or prodrug form thereof.
[0006] The present invention also provides
pharmaceutical compositions comprising a
pharmaceutically acceptable carrier and a
therapeutically effective amount of at least one of
the compounds of the present invention or a
pharmaceutically acceptable salt, solvate, or prodrug
form thereof. [0007] The present invention also
provides a method for modulation of platelet
reactivity comprising administering to a host in need
of such treatment a therapeutically effective amount
of at least one of the compounds of the present
invention or a pharmaceutically acceptable salt,
solvate, or prodrug form thereof. [0008] The present
invention also provides a method for treating
thromboembolic disorders comprising administering to a
host in need of such treatment a therapeutically
effective amount of at least one of the compounds of
the present invention or a pharmaceutically acceptable
salt, solvate, or prodrug form 



thereof.[0009] The present invention also provides
novel pyridyl ureas for use in therapy for other
disease states which are responsive to modulation
OfPlY activity. [0010] The present invention also
provides the use of novel pyridyl ureas for the
manufacture of a medicament for the treatment of a
thromboembolic or other disorders. [0011] These and
other embodiments, which will become apparent during
the following detailed description, have been achieved
by the inventors' discovery that the presently claimed
novel compounds of the present invention, or
pharmaceutically acceptable salt or prodrug forms
thereof, are effective P2Y inhibitors. DETAILED
DESCRIPTION OF PREFERRED EMBODIMENTS [0012] hi a first
embodiment, the present invention provides, inter
alia, a compound of Formula (I): (I) or a stereoisomer
or pharmaceutically acceptable salt, solvate, or
prodrug thereof, wherein: [0013] ring A is C -io aryl
substituted with 0-5 R1, or a 5- to 10-membered
lieterocycle comprising: carbon atoms and 1-4
heteroatoms selected from N, NR1 , O, and S(O)p,
wherein said heterocycle is substituted with 0-5 R1;
[0014] ring B is phenyl or naphthyl substituted with
0-4 R7 or a 5- to 10- membered heteroaryl comprising:
carbon atoms and 1-4 ring heteroatoms selected from
N5NR11, S(O)p, and O, wherein said heteroaryl is
substituted with 0-4 R7; [0015] ring D is substituted
with 0-5 R6a and selected from:wherein D1 is a 5- to
7-membered carbocycle or a 5-6-membered heterocycle
comprising: carbon atoms and 0-3 ring heteroatoms
selected from N, NR1l, O and S(O)p, and 0-2 carbonyl
groups, and 0-3 double bonds; [0016] W is O or S;
[0017] X2 is -(CRl 6R17)s-5 or [0018] R1 is,
independently at each occurrence, H =O, F, Cl, Br, I,
CF3, -CF2CF3, OCF3, -OCF2CF2H, -OCF2CF3, SiMe3,
-(CRfRf)r-ORc, SR<=, CN, NO2, -(CRfRf)r-NRl2Ri3
-(CRfRf)r C(O)Rc, -(CRfRf)r-CO2Rc, -(CRfRf)1-C(O)NRl
2Rl3, -C(O)NRl4(CRfRf)tNl2Rl3 -(CRfRf) -OC(O)NRl 2R
-(CRfRf) -NR14C(O)NRl2R13, -(CRfRf)r-NRl 4C(O)Rd,
-(CRfRf)r-NR14C(O)ORh, -NR14(CRfRf)nC(O)Rd,
-NR14CO(CRfRf)nORc, -NRl 4SO2CF3, -NRl 4S(O)pRd,
-S(O)2CF3 -S(O)Rd, -S(O)2Rd, -OP(O)(OEt) 2,
-O(CH2)2OP(O)(OEt)2,
4,4,5,5-tetrametliyl-l,3,2-dioxaborolanyl, C1 8 alkyl
substituted with 0-2 Ra, C2. alkenyl substituted vith
0-2 Ra, C2. alkynyl substituted with 0-2 Ra,
-(CRfRf)r-C3.i3 carbocycle substituted with 0-5 Rb ,
or -(CRfRf)r-5- to 10-membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N,
NRlI, 0 , and S(O)p wherein said heterocycle is
substituted with 0-5 R ;[0019] alternatively, two
R1Son two adjacent carbon atoms are combined with the
carbon atoms to which they are attached, form a 5- to
10-membered carbocycle or heterocycle comprising:
carbon atoms and 0-3 additional heteroatoms selected
from N, NR1 1, O5 and S(O)p , and 0-2 carbonyl groups,
wherein said carbocycle or heterocycle is substituted
with 0-4 Rb; [0020] R6a is, independently at each
occurrence, =0, F Cl, Br, I, -(CRiROr-OR , SRC, CN,
NO2, CF3, OCF3, -CF2CF3, -OCF2CF2H, -OCF2CF3,
-(CRfRfVNR 12R13 , -C(O)RC, -(CRfRf)r-C(O)OR c ,
-(CRfRf)r-C(O)NR 12R13 . -(CRfRf)r-NR 14C(O)Rd,
-S(O)pNR 12R13, -S(O)R d, -S(O)2Rd Si(Me) 3, Si(Ci_4
alkyl) 3 , C1-4 haloalkyl, C1-4 haloalkyloxy-, C1-4
alkyloxy-, C1-4 alkylthio-, Ci-C 4 alkyl-C(O)-, C 4
alkyl-O-C(O)-, Ci_4 alkyl-C(O)NH-, C1 8 alkyl
substituted with 0-1 Ra, C2-8 alkenyl substituted with
0-1 Ra, C2_ alkynyl substituted with 0-1 Ra, -(CRfRf)r
C3.io carbocycle substituted with 0-2 Re, or
-(CRfRf)r-5- to 10- membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, NR1
, O, and S(O)p , wherein said heterocycle is
substituted with 0-2 Re; [0021] alternatively, when
two R6a groups are attached to the same carbon atom or
silicon atom, together with the carbon atom or silicon
atom to which they are attached, they form a 3- to
7-membered carbocyclic or heterocyclic ring
comprising: carbon atoms and 0-3 heteroatoms selected
from N, NR1 1, O, Si, and S(O)p , 0-1 carbonyl and 0-3
ring double bonds, wherein said carbocyclic or
heterocyclic ring is substituted with 0-3 Rb ; [0022]
alternatively, when two R6a groups are attached to
adjacent atoms, together with the atoms to which they
are attached they form a 5- to 7-membered carbocyclic
or heterocyclic ring comprising: carbon atoms and 0-2
heteroatoms selected from N, NR1 O, Si, and S(O)p ,
0-1 carbonyl and 0-3 ring double bonds, wherein said
carbocyclic or heterocyclic ring is substituted with
0-3 Rb ; [0023] R7 is, independently at each
occurrence, H, =0, F, Cl, Br, I, OCF3 , CF3, ORC, SRC,
CN, NO2 , -NR12R13, -C(O)R C, -C(O)OR C, -C(O)NR 12R13
, -NR 14C(0)R d, -S(O)pNR12R13, -S(O)Rd, -S(O)2Rd C1 8
alkyl substituted with 0-2 Ra , C2-8 alkenyl
substituted with 0-2 Ra, C2. alkynyl substituted with
0-2 Ra-(CRfRf)r-C3-io carbocycle substituted with 0-3
Rb, or -(CRfRf)r 5 - to 10-membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, NR7b, O, and S(O)p , wherein said heterocycle
is substituted with 0-3 Rb ; [0024] alternatively, two
R7Son two adjacent carbon atoms form a 5- to
7-membered carbocyclic or heterocyclic ring
comprising: carbon atoms and 0-3 ring heteroatoms
selected from O, N, NR b, and S(O)p, wherein said
carbocyclic or heterocyclic ring is substituted with
0-2 R7c ; [0025] R7b is H C1 4 alkyl, -C(O)(Ci- 4
alkyl), -C(O)phenyl, -C(O)benzyl, or 



benzyl; [0026] R7c is, independently at each
occurrence, H, F, Cl, Br, I, OCF3, CF3, ORC, SRC, CN,
NO2 -NR12R13 , -C(O)RC, -C(O)ORC, -C(O)NR 12R1 ,
-NR14C(O)Rd, -S(O)pNR12R13, -S(O)Rd, -S(O)2Rd, C1 4
alkyl, phenyl substituted with 0-3 Rb , or benzyl
substituted with 0-3 Rb ; [0027] R11 is, independently
at each occurrence, H, C -4 alkoxy, C g alkyl
substituted with 0-2 Ra, C2 4 alkenyl substituted with
0-1 Ra, C2.4 alkynyl substituted with 0-1 R 5
-C(O)(Ci- 6 alkyl), -C(O)(CH2)n(C3_6 cycloalkyl),
-C(0)(CH 2)n(C6-io aryl), -C(O)(CH2)n(5- to
10-membered heteroaryl), -C(O)O(CL 8 alkyl),
-C(O)O(CH2)n(C3.6 cycloalkyl), -C(0)0(CH 2)n(C6-io
aryl), -C(O)O(CH2)n(5- to 10-membered heteroaryl), -
(0 )0 (0 - 1 alkyl), -C(O)NH(Ci_8 alkyl),
-C(O)NH(CH2)n(C3-6 cycloalkyl), -C(0)NH(CH 2)n(C6-io
aryl), -C(O)NH(CH2)n(5- to 10-membered heteroaryl),
-S(O) 2(CL 8 alkyl), -S(O)2(CH2) (C3.6 cycloalkyl),
-S(O)2(CH2)n(C6. ,0 aryl), -S(O)2(CH2)n (5- to
10-membered heteroaryl), ~(CRfRf)r-C3_io carbocycle,
or -(CRfRf)r-5- to 10-membered heterocycle; wherein
said alkyl, cycloalkyl, phenyl, aryl, and carbocycle
are substituted with 0-2 Rb, and said heteroaryl and
heterocycle are substituted with 0-2 Rb and comprise:
carbon atoms and 1-4 heteroatoms selected from N, NRf,
O, and S(O)p ; [0028] R12 is, independently at each
occurrence, H, C\. alkyl, -C(O)(Ci 6 alkyl), -C(0)(CH
2)n(C6_io aryl), -C(O)(CH2)n(5- to 10-membered
heteroaryl), -C(O)O(Ci_4 alkyl),-C(O)OCH 2(C6-IO
aryl), -(CH2)nC(O)OCH 2(5- to 10-membered heteroaryl),
-(CH2)nOC(O)(C 1-4 alkyl), -(CHz) nOC(O)(C6. !o aryl),
-(CH2)nOC(O)(5- to 10-membered heteroaryl),
-(CH2)nC(O)O(C ]-4 alkyl), -(CH2)nC(0)0(C 6.io aryl),
-(CH2)nC(O)O(5- to 10-membered heteroaryl),
-(CH2)nC(O)NH(Ci_6 alkyl), -(CH2)nC(0)NH(C 6_io aryl),
-(CH2)nC(O)NH(5- to 10-membered heteroaryl),
-(CH2)tOC(O)NH(Ci_ 6 alkyl), -(CH2)tOC(O)NH(C 6. i 0
aryl), -(CH2)tOC(O)NH(5- to 10-membered heteroaryl),
-S(O)2 (C 6 alkyl), -S(0) 2(CH2)n (C6_io aryl),
-S(O)2(CH2)n(5- to 10-membered heteroaryl),
-(CRfRf)n-(C6- IO aryl), or -(CRfRf)n- 5- to
10-membered heteroaryl; wherein said alkyl, and aryl
are substituted with 0-2 RS; and said heteroaryl is
substituted with 0-2 R and comprises: carbon atoms and
1-4 heteroatoms selected from N, NR1 , O, and S(O)p ;
[0029] R 3 is, independently at each occurrence, H, C
alkyl, or -(CH2)n-phenyl; [0030] alternatively, R12
and R13 , when attached to the same nitrogen, combine
to form a 5- to 10-membered heterocyclic ring
comprising: carbon atoms and 1-2 additional
heteroatoms selected from N, NR1 1, O, and S(O)p ;
[0031] R14 is, independently at each occurrence, H,
Ci_6 alkyl substituted with 0-2 R14a , C2.6 alkenyl
substituted with 0-2 R14a, C2-6 alkynyl substituted
with 0-2 R14a , -(CH2)r-C3_io carbocycle substituted
with 0-3 RS, or -(CH2)r 5- to 10- membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, NR , o , and S(O)p , wherein said heterocycle
is substituted with 0-3 RS; [0032] R14a is,
independently at each occurrence, H, C1.4 alkyl, ORf,
Cl, F, Br, I, =0, CF3, CN, NO2 , -C(O)R f, -C(O)ORf
-C(O)NR*2Rl3 5 Or -S(O)pRf; [0033] R16 is,
independently at each occurrence, H, F, Cm6 alkyl
substituted with 0-2 Ra, C2-6 alkenyl substituted with
0-2 Ra C2.6 alkynyl substituted with 0-2 Ra, or
-(CH2)rphenyl substituted with 0-2 Rb ; [0034] R17 is,
independently at each occurrence, H, OH, C _6 alkyl,
or -(CH2)n-phenyl;[0035] alternatively, R 6 and R 7 on
the same carbon atom combine to form a 3- to
7-membered carbocyclic or heterocyclic ring
comprising: carbon atoms and 0-2 heteroatoms selected
from N, NR1 1, O, and S(O)p, 0-1 carbonyl, and 0-3
double bonds, wherein said carbocyclic or heterocyclic
ring is substituted with 0-2 R ; [0036] alternatively,
two R16 groups on adjacent atoms combine to form a 3-
to 7-membered carbocyclic or heterocyclic ring
comprising: carbon atoms and 0-2 heteroatoms selected
from N, NR1 1 O5and S(O)p, 0-1 carbonyl, and 0-3
double bonds, wherein said carbocyclic or heterocyclic
ring is substituted with 0-2 R ; [0037] Ra is,
independently at each occurrence, H, =0, F5 OCF3, CF3,
ORC, SRC, CN5-NR12R13, -C(O)Rc, -C(O)ORC, -C(O)NR
12R13 -NR14C(O)Rd 5 -S(O)PNR12R13, -S(O)Rd, -S(O)2Rd,
-(CH2)r-C3_io carbocycle substituted with 0-3 Re, or
-(CH2)r-5- to 10-membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, NRf,
O, and S(O)p , wherein said heterocycle is substituted
with 0-3 Re ; [0038] Rb is, independently at each
occurrence, H5 =0, F, Cl5 Br, I, -(CH2)r-ORc, SRC, CN,
NO2, CF3, OCF3, -(CH2)r-NR12R13 , -C(O)Rc, -(CH2)r
C(O)ORc, -(CH2)r-C(O)NRl 2R13 , -NR1^C(O)Rd, -S(O)1 NR
2R13, -S(O)Rd -S(O)2Rd 1 4 haloalkyl, C1.4
haloalkyloxy-, C]. 4 alkyloxy-, Cj. 4 alkylthio-, C
alkyl-C(O)-, C alkyl-O-C(O)-, C alkyl-C(O)NH-, C1 8
alkyl substituted with 0-2 Ra, C2-8 alkenyl
substituted with 0-2 Ra, C2-8 alkynyl substituted with
0-2 Ra, -(CH2)r-C3_i.0 carbocycle substituted with 0-3
Re, or -(CH2)r-5- to 10-membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N5NRf 5O5 



and S(O)p, wherein said heterocycle is substituted
with 0-3 Re; [0039] Rc is, independently at each
occurrence, H, -OP(O)(OEt) 2 C alkyl substituted with
0-2 Re, C2-8 alkenyl substituted with 0-2 Re, C2.g
alkynyl substituted with 0-2 Re, -(CRfRf)r C3_8
cycloalkyl substituted with 0-2 Re, -(CRfRf)r C6-io
aryl substituted with 0-2 Re, or -(CRfRf)r-5- to
10-membered heterocycle comprising: carbon atoms and
1-4 heteroatoms selected from N5NR ", O5 and S(O)p,
wherein said heterocycle is substituted with 0-2 Re;
[0040] Rd is, independently at each occurrence, CF3,
OH, C1-4 alkoxy, Ci-6 alkyl, -(CH2)r-C3_io carbocycle
substituted with 0-2 Re, or -(CH2)r-5- to 10-
mernbered heterocycle comprising: carbon atoms and 1-4
heteroatoms selected from N, NRf O, and S(O)p ,
wherein said heterocycle is substituted with 0-2 Re;
[0041] Re is, independently at each occurrence, H =0,
-(CH2)r ORf F, Cl, Br, I, CN, NO2 , -(CH2VNR 12R13 ,
-C(O)Rf -(CH2VC(O)ORf -NR 1 C(O)Rf -(CH2VC(O)NR 32R13,
-SO2NR12R1 , -NR 14SO2NR 12R13 , -NR 14 SO2-CM alkyl,
-NR14SO2CF3, -NR 14SO2-phenyl, -S(O)2CF3 , -S(O)p-ORh,
-(CF2)rCF3, Si(Me) 3, Si(Me)2(J-Bu), Si(Ci 4 alkyl)3,
Ci_g alkyl substituted with 0-2 RS, C2_8 alkenyl
substituted with 0-2 Rg, C2.8 alkynyl substituted with
0-2 Rg, -(CH2)r-C3.8 cycloalkyl substituted with 0-2
RS, -(CH2)r-C6_io aryl substituted with 0-2 RS, or
-(CH2)r-5- to 10-mernbered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, NRf,
O, and S(O)p , wherein said heterocycle is substituted
with 0-2 RS; [0042] Rf is, independently at each
occurrence, H, C g alkyl, or -(CH2)n-phenyl; [0043] Rg
is, independently at each occurrence, H, =O, ORf, F,
Cl, Br, I, CN NO2, -NRfRf5 -C(O)Rf -C(O)ORf -NRfC(O)Rf
-C(O)NRfRf -SO2NRfRf5 -NRfSO2NRfRf, -NRfSO2-C1 4
alkyl, -NRfSO2CF3, -NRfSO2-phenyl, -S(O)2CF3 5
-S(O)p-CM alkyl, -S(O)p-phenyl, -(CF2)rCF3 , Ci_6
alkyl, C2.6 alkenyl, or C2_6 alkynyl; [0044] R is,
independently at each occurrence, C] 5 alkyl
substituted with 0-2 Rg, -(CH2)n-phenyl substituted
with 0-2 Rg, or -(CH2)n -5- to 10-membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, NRf O, and S(O)p , wherein said heterocycle is
substituted with 0-2 Rg; [0045] R' is, independently
at each occurrence, H, C] . alkyl substituted with 0-2
Rg5 -(CH2)n-phenyl substituted with 0-2 Rg, or -(CH2)n
-5- to 10-membered heterocycle comprising: carbon
atoms and 1-4 heteroatoms selected from N5NRf O5 and
S(O)p , wherein said heterocycle is substituted with
0-2 Rg;[0046] n, at each occurrence, is selected from
0, 1, 2, 3, and 4; [0047] p, at each occurrence, is
selected from 0, 1, and 2; [0048] r, at each
occurrence, is selected from 0, 1, 2, 3, and 4; [0049]
s, at each occurrence, is selected from 0, 1, 2, and
3; and [0050] t, at each occurrence, is selected from
1, 2, 3, and 4; [0051] provided that when ring is
dihydroindolyl, ring A is other than thiazolyl. [0052]
In a second embodiment, the present invention provides
a compound of Formula (I), within the scope of the
first aspect wherein: [0053] W is O; and [0054] X2 is
a bond, -CH2-, -CH2CH2-, -CH2CHMe-, -CH2CO-, or [0055]
hi a third embodiment, the present invention provides
a compound of Formula (I), within the scope of the
first aspect wherein: [0056] ring B is substituted
with 0-3 R7 and selected from:[0057] ring D is
substituted with 0-5 R6a and selected from: wherein D1
is selected from: cyclopentyl, cylohexyl, piperidinyl,
tetrahydropyranyl, phenyl, pyridinyl, pyrimidinyl,
tliiophenyl, pyrrolyl, furanyl and thiazolyl; [0058] W
is O; and [0059] X2 is a bond. [0060] In a fourth
embodiment, the present invention provides a compound
of Formula (I)5 within the scope of the first
embodiment wherein:[0061] ring A is substituted with
0-5 R1 and selected from: phenyl, pyridinyl,
pyrimidinyl, furaiiyl, isoxazolyl, thiazolyl,
thiadiazolyl, benzothiazolyl, indolyl, and
benzimidazolyl. [0062] In a fifth embodiment, the
present invention provides a compound of Formula (I),
within the scope of the first aspect wherein: [0063]
ring A is substituted with 0-4 R and selected from:
phenyl, pyridyl, isoxazolyl, furanyl, thienyl,
thiazolyl, and benzothiazolyl; and [0064] ring B is
substituted with 0-3 R7 and selected from: [0065] In a
sixth embodiment, the present invention provides a
compound of Formula (I), within the scope of the first
embodiment wherein: [0066] R1 is, independently at
each occurrence, F, Cl, Br, I, CF3 , -CF2CF3 OCF3,
-OCF2CF2H, -OCF2CF3, SiMe3, SRC, CN, NO2, -(CRfRf)r
NRl2Rl3, -(CRfRf)rC(O)R c , -(CRfRf)r-CO2Rc,
-(CRfRf)r-C(O)NR 12R13 , -OP(O)(OEt) 2 ,
4,4,5,5-tetramethyl-l,3,2-dioxaborolanyl, C1 8 alkyl
substituted with 0-2 Ra, C2-8 alkenyl substituted with
0-2 Ra , C2-8 alkynyl substituted with 0-2 Ra
,-(CRfRf)r-C3-i3 carbocycle substituted with 0-5 Rb,
or -(CR fRf)r-5- to 10-membered heterocj'cle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, NR , O, and S(O)p, wherein said heterocycle is
substituted with 0-5 R ; [0067] alternatively, two
R1Son two adjacent carbon atoms are combined with the
carbon atoms to which they attached, form a 5- to
7-membered carbocycle or heterocycle comprising:
carbon atoms and 0-3 additional heteroatoms selected
from N, NR1 , O, and S(O)p and 0-2 carbonyl groups,
wherein said carbocycle or 



heterocycle is substituted with 0-4 Rb . [0068] In a
seventh embodiment, the present invention provides a
compound of Formula (I), within the scope of the first
embodiment wherein: [0069] R6a is, independently at
each occurrence, F, Cl, Br, I, -(CR Ri) -OR , SRc, CN,
CF3 , OCF3, -CF2CF3, -OCF2CF2H, -OCF2CF3, -NRl 2R ,
-C(O)R C, -(CRfRf)r C(O)OR c , -Si(Me) 3, C haloalkyl,
Ci_4 haloalkyloxy-, C1-4 alkyloxy-, C1.4 alkylthio-,
C]-C 4 aUcyl-C(O)-, C1-4 alkyl-O-C(O)-, Ci_4
alkyl-C(O)NH-, C1 8 alkyl substituted with 0-2 Ra ,
C2-8 alkenyl substituted with 0-2 Ra, C2-8 alkynyl
substituted with 0-2 Ra, -(CRfRf)r -C3.io carbocycle
substituted with 0-2 Re, or -(CR Rf)r-5- to
10-membered heterocycle comprising: carbon atoms and
1-4 heteroatoms selected from N, NR , O, and S(O)p ,
wherein said heterocycle is substituted with 0-2 Re ;
and [0070] alternatively, when two R a groups are
attached to the same carbon atom or silicon atom,
together with the carbon atom or silicon atom to which
they are attached, they fopii a 3- to 7-membered
carbocyclic or heterocyclic ring comprising: carbon
atoms and 0-3 heteroatoms selected from N, NR11, O,
Si, and S(O)p , 0-1 carbonyl and 0-3 ring double
bonds, wherein said carbocyclic or heterocyclic ring
is substituted with 0-3 Rb ; [0071] alternatively,
when two R6a groups are attached to adjacent atoms,
together with the atoms to which they are attached
they form a 5- to 7-membered carbocyclic or
heterocyclic ring comprising: carbon atoms and 0-2
heteroatomsselected from N5NR1 , O, Si, and S(0) p ,
0-1 carbonyl and 0-3 ring double bonds, wherein said
carbocyclic or heterocyclic ring is substituted with
0-3 Rb . [0072] In an eighth embodiment, the present
invention provides a compound of Formula (I), within
the scope of the first embodiment wherein: [0073] R1 1
is, independently at each occurrence, H, C g alkyl
substituted with 0-2 Ra, -C(O)(CH2)n(C3-6 cycloalkyl),
-C(O)(CH 2)pphenyl, -C(O)O(C i _8 alkyl), -C(O)O(CH
2)n(C3-6 cycloalkyl), -C(O)O(CH 2) phenyl, -C(O)O(CH
2)2_4(Ci_4 alkyl), -C(O)NH(CL 6 alkyl), -S(O) 2 (CL 6
alkyl), -S(O)2(CH2)nphenyl, -(CRfRf) -C3- cycloalkyl,
-(CR Rf)r-phenyl, or -(CRfRf) -S- to 6-membered
heterocycle; wherein said alkyl, cycloalkyl, phenyl,
and aryl are substituted with 0-2 R , and said
heteroaryl and heterocycle are substituted with 0-2 R
and comprise: carbon atoms and 1-4 heteroatoms
selected from N, NRf, O, and S(O)p . [0074] In a ninth
embodiment, the present invention provides a compound
of Formula (I), within the scope of the first
embodiment wherein: [0075] ring A is substituted with
0-4 R1 and selected from: phenyl, pyridyl, isoxazolyl,
furanyl, thienyl, thiazolyl, and benzothiazolyl;
[0076] ring B is substited with 0-3 R7 and selected
from:[0077] ring D is substituted with 0-5 R6a and
selected from: wherein D1 is selected from:
cyclopentyl, cylohexyl, piperidinyl,
tetrahydropyranyl, phenyl, pyridinyl, pyrimidinyl,
thiophenyl, pyrrolyl, furanyl and thiazolyl; [0078] W
is O; [0079] X2 is a bond; [0080] R1 is, independently
at each occurrence, F, Cl, Br, I, CF3, -CF2CF3, OCF3
-OCF2CF2H, -OCF2CF3, SiMe3, -(CRfRf)r-ORc, SRC, CN,
NO2,-(CR R12R13 , -(CRfRf)r-C(O)Kc, -(CRfRf)r-CO2Rc,
-(CRfRf)r C(O)NRl2Rl3 -OP(O)(OEt)2,
4,4,5,5-te1xamemyl-l,3,2-dioxaborolanyl, C1 8 alkyl
substituted with 0-2 Ra, C2-8 alkenyl substituted with
0-2 Ra, C2 8 alkynyl substituted with 0-2 Ra,
-(CRfRf)r C3.i3 carbocycle substituted with 0-5 Rb, or
-(CRfRf)r 5 - o 10-meinbered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N,
NR11, O, and S(O)p , wherein said heterocycle is
substituted with 0-5 Rb ; [0081] alternatively, two
R1Son two adjacent carbon atoms are combined with the
carbon atoms to which they attached, form a 5- to
7-membered carbocycle or heterocycle comprising:
carbon atoms and 0-3 additional heteroatoms selected
from N, NR 1, O, and S(O)p , and 0-2 carbonyl groups,
wherein said carbocycle or heterocycle is substituted
with 0-4 Rb ; [0082] R6a is, independently at each
occurrence, F, Cl, Br, I, -(CR ROr-OR , SRC, CN, CF3,
OCF3, -CF2CF3, -OCF2CF2H, -OCF2CF3, -NR12R -C(O)RC,
-(CRfRf)1-C(O)OR , -Si(Me)3, Ci-4 haloalkyl, C
haloalkyloxy-, C -4 alkyloxy-, Ci-4 alkylthio-, Ci-C4
alkyl-C(O)-, Ci_4 alkyl-O-C(O)-, Ci_4 alkyl-C(O)NH-, C
8 alkyl substituted with 0-2 Ra, C2_ alkenyl
substituted with 0-2 Ra, C2. alkynyl substituted with
0-2 Ra, -(CRfRf)r-C3. ]0 carbocycle substituted with
0-2 Re, or -(CRfRfJr-S- to 10-membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, NRU, O, and S(O)p, wherein said heterocycle is
substituted with 0-2 Re; [0083] alternatively, when
two R6a groups are attached to the same carbon atom or
silicon atom, together with the carbon atom or silicon
atom to which they are attached, they form a 3- to
7-membered carbocyclic or heterocyclic ring
comprising: carbon atoms and 0-3 heteroatoms selected
from N, NRH, O, Si, and S(O)p , 0-1 carbonyl and 0-3
ring double bonds, wherein said carbocyclic or
heterocyclic ring is substituted with 0-3 Rb ; [0084]
alternatively, when two R6a groups are attached to
adjacent atoms, together with the atoms to which they
are attached they form a 5- to 7-membered carbocyclic
or heterocyclic ring comprising: carbon atoms and 0-2
heteroatomsselected from N, NR1] , O, Si, and S(0) p,
0-1 carbonyl and 0-3 ring double bonds, wherein said
carbocyclic or heteroc}'clic ring is substituted with
0-3 Rb; and [0085] R1 is, independently at each
occurrence, H, C1 8 alkyl substituted 



with 0-2 Ra, -C(O)(CH2)n(C3.6 cycloalkyl),
-C(O)(CU2)nphenyl, -C(O)O(Ci_8 alkyl),
-C(O)O(CH2)n(C3-6 cycloalkyl), -C(O)O(CH2)nphenyl,
-C(O)O(CH 2) (C alkyl), -C(O)NH(CL 6 alkyl), -S(O)2(C
alkyl), -S(O)2(CH2)nP henyl, -(CRfRf) -C3-7
cycloalkyl, -(CRfRf)r-phenyl, or -(CRfRf)r-5- to
6-membered heterocycle; wherein said alkyl,
cycloalkyl, phenyl, and aryl are substituted with 0-2
Rb , and said heteroaryl and heterocycle are
substituted with 0-2 Rb and comprise: carbon atoms and
1-4 heteroatoms selected from N, NRf, O, and S(O)p .
[0086] In a tenth embodiment, the present invention
provides a compound of Formula (Ia): (Ia) or a
stereoisomer or pharmaceutically acceptable salt,
solvate, or prodrug thereof, wherein: [0087] ring A
is[0088] ring B is substituted with 0-3 R7 and
selected from:[0089] ring D is substituted with 0-5
R6a and selected from: [0090] R1, Rl a, Rl b , and Rl
c are, independently at each occurrence, H, F, Cl, Me,
NH2 , or OH; [0091] R2 R2a, R2b , R2 c, R2d , R3, R3a,
R3c, R3d R4 , R4 a R4 c, R5 R5a R5c, and R5d, are,
independently at each occurrence, H F, Cl, Br, I, CF3,
-CF2CF3, OCF3, -OCF2CF2H, -OCF2CF3, SiMe3, -(CRfRVOR
SRC, CN, NO2 , -(CRfRf) -NR12R13-(CRfRf)u-C(O)Rc
-(CRfRf)r CO2Rc -(CRfRf)u-C(O)NR 2Rl3, -OP(O)(OEt) 2,
4,4,5,5-tetramethyl-l,3,2-dioxaborolanyl, C1 8 alkyl
substituted with 0-2 Ra, -(CRfRf)u-C3.6 carbocycle
substituted with 0-2 Rb , or -(CRfRf)u-5- to
6-membered heterocycle comprising: carbon atoms and
1-4 heteroatoms selected from N, NR11, O, and S(O)p ,
wherein said heterocycle is substituted with 0-2 Rb ;
[0092] alternatively, R + R2, R2 + R3, R3 + R 4 R 4 +
R 5 R la + R 2a R 2a + R 3a5 R 3a + R 4a R 4a + R 5a R
Ib + R 2b R 2b + R 5d R lc + R 3C R 2c + R 3c R 2d + R
3d5R 3c + R 4c o r R 4c + R 5c5combine with the carbon
atoms to which they are attached, form 5-
tolO-membered carbocyclic or heterocyclic ring
comprising: carbon atoms and 0-3 heteroatoms selected
from N, NR1 O, and S(O)p , 0-1 carbonyl group, and
additional 0-2 double bonds, wherein said carbocyclic
or heterocyclic ring is substituted with 0-2 Rb ;
[0093] R6a is, independently at each occurrence, F,
Cl, Br, I, -(CRfRf)r ORc, SRC, CN, CF3, OCF3, -CF2CF3
-OCF2CF2H, -OCF2CF3, -NR12R.13, -C(O)R C,
-(CRfRf)r-C(O)OR c -Si(Me) 3, 4 lialoalkyl, C
haloalkyloxy-, C1-4 alkyloxy-, Ci-4 alkylthio-, Ci-C 4
alkyl-C(O)-, C alkyl-O-C(O)-, Cj 4 alkyl-C(O)NH-, C1 8
alkyl substituted with 0-2 Ra, C - alkenyl substituted
with 0-2 Ra, C2_8 alkynyl substituted with 0-2 Ra
-(CRfRf)r -C3.io carbocycle substituted with 0-2 Re,
or -(CRfRf)r-5- to 10-membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, NR1
, O, and S(O)p , wherein said heterocycle is
substituted with 0-2 Re; [0094] alternatively, when
two R a groups are attached to the same carbon atom or
silicon atom, together with the carbon atom or silicon
atom to which they are attached, they form a 3- to
7-membered carbocyclic or heterocyclic ring
comprising: carbon atoms and 0-3 heteroatoms selected
from N, NR1 , O, Si, and S(O)p , 0-1 carbonyl and 0-3
ring double bonds, wherein said carbocyclic or
heterocyclic ring is substituted with 0-3 Rb ; [0095]
alternatively, when two R6a groups are attached to
adjacent atoms, together with the atoms to which they
are attached they form a 5- to 7-membered carbocyclic
or heterocyclic ring comprising: carbon atoms and 0-2
heteroatomsselected from N, NR11, O, Si, and S(0) p,
0-1 carboiryl and 0-3 ring double bonds, wherein said
carbocyclic or heterocyclic ring is substituted with
0-3 Rb ; [0096] R7 is, independently at each
occurrence, H, =O F, Cl, Br, I, OCF3, CF3, ORC, SRc,
CN, NO2, -NR12R13, -C(O)RC, -C(O)ORC, -C(O)NR 2R1 ,
-NR14C(O)Rd, -S(O)pNR]2R13, -S(O)Rd, -S(O)2Rd, C1 6
alkyl substituted with 0-2 Ra, -(CH )U-C . ]o
carbocycle substituted with 0-3 Rb or -(CH2)u-5- to
10-membered heterocycle comprising: carbon atoms and
1-4 heteroatoms selected from N, NR713, O, and S(O)p,
wherein said heterocycle is substituted with 0-3 Rb ;
[0097] R is H, C1 4 alkyl, -C(O)(C 1 alkyl),
-C(O)phenyl, -C(O)benzyl, or benzyl; [0098] R11 is,
independently at each occurrence, H, C1 alkyl
substituted with 0-2 Ra, -C(O)(CH2)n(C3_6 cycloalkyl),
-C(O)(CH2)nphenyl, -C(O)O(C 1 alkyl),
-C(O)O(CH2)n(C3_6 cycloalkyl), -C(O)O(CH2)nphenyl,
-C(O)O(CH2)2 (C alkyl), -C(O)NH(C 1 6 alkyl),
-S(O)2(Ci 6 alkyl), -S(O)2(CH2) phenyl, -(CRfRf)r-C3_7
cycloalkyl, -(CR Rf)r-phenyl, or -(CRfR/)r-5- to
6-membered heterocycle; wherein said alkyl,
cycloalkyl, phenyl, and aryl are substituted with 0-2
Rb , and said heteroaryl and heterocycle are
substituted with 0-2 Rb and comprise: carbon atoms and
1-4 heteroatoms selected from N,NRf, O, and S(O)p ;
[0099] R12 is, independently at each occurrence, H, C1
6 alkyl, -C(O)(C] 6 alkyl), -C(O)(CH2)pphenyl,
-C(O)(CH2)n(5- to 6-membered heteroaryl), -C(O)O(C] -4
alkyl), -C(O)OCH2phenyl, -(CH2)nC(O)OCH2(5- to
6-membered heteroaryl), -(CH2)nOC(O)(C]. 4 alkyl),
-(CH2)nOC(O)phenyl, -(CH2)nOC(O)(5- to 6-membered
heteroaryl), -(CH2) C(O)O(C1 4 alkyl),
-(CH2)nC(O)Ophenyl, -(CH2)nC(O)O(5- to 6-membered
heteroaryl), -(CH 2 ) 1C(O)NH(CL 6 alkyl),
-(CH2)nC(O)NHphenyl, -(CH2)nC(O)NH(5- to 6-membered
heteroaryl), -(CH2XOC(O)NH(C1-6 alkyl),
-(CH2)tOC(O)NHphenyl, 



-(CH2)tOC(O)NH(5- to 6-membered heteroaryl), -S(O)2(Ci
_6 alkyl),-S(O)2(CH 2)nphenyl, -S(O)2(CH2) (5- to
6-membered heteroaryl), -(CRfR )n-phenyl, or -(CR
Rf)n- 5- to 6-membered heteroaryl; wherein said alkyl,
and aryl are substituted with 0-2 RS; and said
heteroaryl is substituted with 0-2 R and comprises:
carbon atoms and 1-4 heteroatoms selected from N, NR
11 0 , and S(O)p ; [00100] R13 is, independently at
each occurrence, H. C1 6 alkyl, or -(CH2)n-phenyl;
[00101] alternatively, R12 and R13, when attached to
the same nitrogen, combine to form a 5- to 10-membered
heterocyclic ring comprising: carbon atoms and 1-2
additional heteroatoms selected from N, NR11, O, and
S(O)p ; [00102] R14 is, independently at each
occurrence, H, Ci_6 alkyl substituted with 0-2 R14a ,
C -6 alkenyl substituted with 0-2 R14a , C2-6 alkynyl
substituted with 0-2 R14a , -(CH 2)u-C3-6 cycloalkyl
substituted with 0-3 Rg, -(CH2)u-phenyl substituted
with 0-3 RS, or -(CH2)u-5- to 6-membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, NR , O, and S(O)p, wherein said heterocycle is
substituted with 0-3 RS; [00103] R14a is,
independently at each occurrence, H, C1.4 alkyl, ORf,
Cl, F, Br, I, =0, CF3, CN, NO2 , -C(O)Rf, -C(O)OR f,
-C(O)NR 12R13 or -S(O)pRf ; [00104] Ra is,
independently at each occurrence, H, =0, F, OCF3, CF3,
ORC, SRc, CN, -NR 12R13 , -C(O)RC, -C(O)OR C, -C(O)NR
12R1 , -NR 14C(O)Rd, -S(O)pNR 12R13 , -S(O)Rd,
-S(O)2Rd, -(CH2)U-C3_io carbocycle substituted with
0-3 Re, or -(CH2)u-5- to 10-membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, NR , O, and S(O)p , wherein said heterocycle
is substituted with 0-3 Re; [00105] Rb is,
independently at each occurrence, H, =0, F, Cl, Br, I,
-(CH2)r-ORc , SRC, CN, NO2 , CF3, OCF3, -(CH2)r-NR
12R13 , -C(O)Rc, -(CH2)r-C(O)OR c, -(CH2VC(O)NR 12R13
, -NR 14C(0)R d, -S(O)PNR 12R13, -S(O)R d -S(O)2Rd,
Ci-4 haloalkyl, Ci_4 haloalkyloxy-, C1.4 alkyloxy-,
Ci_4 alkylthio-, C1.4 alkyl-C(O)-, C alkyl-O-C(O)-, C
alkyl-C(O)NH-, C1 6 alkyl substituted with 0-2 Ra ,
C2_4 alkenyl substituted with 0-2 Ra , C2-4 alkynyl
substituted with 0-2Ra, -(CH2)u-C3_io carbocycle
substituted with 0-3 Re, or -(CH2V 5 - t o 10-membered
heterocycle comprising: carbon atoms and 1-4
heteroatoms selected from N, NRf, O5 and S(O)p,
wherein said heterocycle is substituted with 0-3 Re ;
[00106] R is, independently at each occurrence, H,
-0P(0)(0Et)2, Ci.g alkyl substituted with 0-2 Re, C2-4
alkenyl substituted with 0-2 Re, C2-4 alkynyl
substituted with 0-2 Re, -(CH2)u-C3_8 cycloalkyl
substituted with 0-2 Re, -(CH2)u-C6-io T1 substituted
with 0-2 Re, or -(CH2)u -5- to 10-membered heterocycle
comprising: carbon atoms and 1-4 heteroatoms selected
from N, NRf, O, and S(O)p , wherein said heterocycle
is substituted with 0-2 Re; [00107] Rd is,
independently at each occurrence, CF3, OH, C1.4
alkoxy, Ci_6 alkyl, -(CH2)U-C3_io carbocycle
substituted with 0-2 Re, or -(CH2)u-5- to 10- membered
heterocycle comprising: carbon atoms and 1-4
heteroatoms selected from N, NR , O, and S(O)p ,
wherein said heterocycle is substituted with 0-2 Re;
[00108] Re is, independently at each occurrence, H,
=0, -(CH2)r ORf, F Cl5 Br, I5 CN, NO2 , -(CH2VNR 12R1
, -C(O)Rf -(CH2)r C(O)ORf -NR 14C(O)Rf -(CH2)r-C(O)NR
12R13 5 -SO2NR 2R13 , -NR 14SO2NR12R13 , -NR 14SO2 -C
4 alkyl, -NR 14SO2CF3, -NR14SO2-phenyl, -S(O)2CF3,
-S(O)p-Ci_4 alkyl, -S(O)p-phenyl, -(CF2)UCF3, C1-6
alkyl substituted with 0-2 Ri, C2_4 alkenyl
substituted with 0-2 RS, C2-4 alkynyl substituted with
0-2 R 5 -(CH2V C3-S cycloalkyl substituted with 0-2
Rg, -(CH2VC6-10 ar y substituted with 0-2 R 5 or
-(CH2)u-5- to 10-membered heterocycle comprising:
carbon atoms and 1-4 heteroatoms selected from N, NRf,
O, and S(O)p , wherein said heterocycle is substituted
with 0-2 RS; [00109] Rf is, independently at each
occurrence, H, or C 4 alkyl; [00110] R is,
independently at each occurrence, H5 =0, ORf, F, Cl,
Br, I, CN, NO2, -NRfRf, -C(O)Rf -C(O)OR f, -NRfC(0)R
f, -C(O)NRfRf -SO2NRfRf -NRfSO2NRfRf -NRfSO2-Ci_4
alkyl, -NRfSO2CF3, -NRfSO2-phenyl, -S(O)2CF3,
-S(0)p-Ci.4 alkyl, -S(O)p-phenyl, -(CF2)UCF3 , Ci_6
alkyl, C2-4 alkenyl, or C2.4 alkynyl;[00111] R is,
independently at each occurrence, C 6 alkyl
substituted with 0-2 Rg, or -(CH2)n-phenyl substituted
with 0-2 RS; [00112] n, at each occurrence, is
selected from 0, 1, and 2; [00113] p, at each
occurrence, is selected from 0, 1, and 2; [00114] r,
at each occurrence, is selected from 0, 1 2, 3, and 4;
[00115] s, at each occurrence, is selected from 0, 1,
2, and 3; [00116] t, at each occurrence, is selected
from 1 and 2; and [00117] u, at each occurrence, is
selected from 0, 1, and 2; [00118] provided mat when
ring is dihydroindolyl, ring A is other than
thiazolyl. [00119] In an eleventh embodiment, the
present invention provides a compound of Formula (Ia):
(Ia) or a stereoisomer or pharmaceutically acceptable
salt, solvate, or prodrug thereof, wherein: [00120]
ring A isNANO-PCR: METHODS AND DEVICES FOR NUCLEIC
ACID AMPLIFICATION AND DETECTION Field of the
Invention 



The invention relates to amplification and detection
of nucleic acids. In particular embodiments, the
invention provides improved methods, devices, and
materials for performing the polymerase chain
reaction. Background of the Invention The polymerase
chain reaction (PCR) has become the conventional
technique used to amplify specific DNA or RNA
sequences. U.S. Patent No. 4,683,202, issued July 28,
1987 to Mullis and U.S. Patent No. 4,683,195, issued
July 28, 1987 to Mullis et al. describe the basic PCR
technique. Since the first disclosure of the PCR
method, it has had a profound effect on the practice
of biotechnology and biomedical science. More than a
thousand subsequently-issued U.S. patents reference
one or both of these disclosures. Typically, the
amplification of a DNA sequence is performed by first
selecting and obtaining two oligonucleotide primers
complementary ends of a target DNA sequence. The
primers, a polymerase enzyme, a mixture of the four
common nucleotide triphosphates, various salts and
buffers are mixed with the target DNA which is heated
above about 90 C to denature the DNA, separating the
target double-stranded DNA into single-stranded DNA
templates. Annealing (i.e. sequence-specific
hybridization or binding) of the primers to the ends
of the DNA templates is promoted by slowly cooling the
reaction mixture to less than about 60 C. The
temperature is then raised above about 70 C for a
period of replication, a process also known as primer
extension. The polymerase reads each DNA template
strand in the 3' to 5' direction, synthesizing a
complementary strand from the ends of the primers in
the 5' to 3' direction. This completes one cycle of
DNA amplification, which creates starting material for
a new cycle. With each complete cycle of denaturation,
primer annealing, and primer extension, the process
generatesan exponentially increasing (2n) number of
copies of the original, target DNA sequence. To begin
a new cycle, the reaction mixture is again heated
above 90 C to denature the double-stranded product
into single-stranded DNA templates. The primer
annealing and extension steps are then repeated. This
basic PCR amplification scheme, together with various
extensions and modifications, enables many different
methods for the manipulation and detection of nucleic
acids, including for example diagnostic and forensic
assays, which require the creation of a threshold
amount of DNA from a small initial sample. PCR
technology is used, for example, in infectious and
genetic disease monitoring, DNA and RNA sequencing,
gene expression studies, drug development, and
forensic fingerprinting. This has become the standard
technology for the detection, identification, and
quantification of viral and bacterial pathogens.
Several PCRbased diagnostic tests are available for
detecting and/or quantifying pathogens, for example,
including: HIV-I, which causes AIDS; hepatitis B and C
viruses, which can cause liver cancer; human
papillomarvirus, which can cause cervical cancer; RSV,
which is the leading cause of pneumonia and
bronchiolitis in infants; Chlamydia trachomatis and
Neisseria gonorrhoeae, which can lead to pelvic
inflammatory disease and infertility in women;
cytomegalovirus, which can cause life-threatening
disease in transplant patients and other
immuno-compromised people; and, Mycobacterium
tuberculosis, which causes cough and fatigue in its
active state and can irreversibly damage infected
organs. However, despite addressing needs in numerous
areas, current PCR and PCR-based technologies still
suffer from several substantial limitations.
Limitations of ConventionalPCR and PCR-Based
Technologies Fidelity: Accuracy on normal sequences
limits conventional PCR. For example, Taq, a
thermostable polymerase commonly used for DNA
amplification, exhibits an error rate of approximately
1 x 10 4 errors/base pair during PCR. This means that
the PCR amplification of a 400 base pair DNA sequence
will randomly introduce approximately 40,000 errors
among all molecules in the PCR product over 20
cycles.Accuracy on difficult target sequences (e.g. GC
rich or repeat sequences) is an even more significant
limitation of conventional PCR and PCR- based
technologies. The error rate for conventional
polymerase enzymes such as Taq, depends strongly on
the target nucleotide sequence. For example, when the
sequence is G+C rich (as seen for example in the 5'
regulatory region of the chicken avidin gene), PCR
with Taq is oftentimes not a viable process. Likewise,
simple repeating sequences, such as trinucleotide
repeats (AGC)n or other tandem repeats (A)n, can
increase Taq's error rate to 1.5 x 10-2 errors per
repeat sequence. See, Shinde et al., Nucleic Acids
Research, 31:974. For this reason, several patents
have been issued for polymerases that have been
genetically engineered to have incrementally higher
fidelity (i.e. lower error rates). These include
Hi-Fidelity and Phusion Polymerases. Length
Limitations: The length of the target sequence to be
amplified also limits current PCR techniques. Although
a few reports have claimed amplification of sequences
up to 10 to 20 kilobases, this is highly unusual and
quite difficult in routine practice. Moreover, PCR
amplification of long target templates is only
possible on a limited set of well-behaved DNA
sequences. The practical upper-limit for fairly
routine and cost-effective amplification of DNA on
well-behaved sequences is about 300 to 400 bases in
length and is generally reduced for sequences having
high G-C content. Limited Amplification: Current PCR
techniques are also limited in the 



number of amplification cycles that can be carried out
in a reaction mixture. Repeated heating and cooling
cycles result in progressive enzyme degradation, which
limits the factor by which starting material can be
amplified. Conventional PCR amplification can rarely
be extended beyond 30-35 cycles. Robustness:
Conventional PCR typically requires significant
volumes of reagents, bulky equipment (e.g., thermal
cyclers), substantial human labor (e.g., tedious
optimizations), and minimum amounts of starting
material, each of which contributes to making
conventional PCR a costly and time-consuming process.
Current PCR techniques typically take from several
hours for normal sequences to several days to weeks
for difficult sequences or long template. Conventional
PCRrequires a significant amount of time to cycle and
equilibrate the temperature of the reaction mix.
Moreover, time-consuming optimizations can be required
in order to reliably amplify targets that are less
than ideal. Tightly controlled conditions (e.g.,
temperature, pH, and buffer ingredients) are required
for performance of conventional PCR techniques.
Additionally, various contaminants can interfere with
PCR amplification by directly inhibiting or
interfering with polymerase enzymes used to copy the
target DNA or RNA. This further limits the quality of
starting material that can be used for amplification
and places additional requirements on the level of
purity that must be obtained by DNA or RNA extraction
techniques before the amplification steps can be
reliably performed. The performance environment of
conventional PCR is generally limited to laboratories,
and is rarely practicable in remote locations,
doctor's offices, at the patient's bedside, or out in
the field. Sensitivity and Specificity of Diagnostics:
The sensitivity of PCR-based diagnostic and forensic
kits and assays depends on the overall yield,
accuracy, robustness, and target length achievable in
a PCR reaction. The above-mentioned limitations in
performance parameters of current PCR set limits on
the minimum amount of starting DNA or RNA necessary in
order to reliably carry out PCR amplification. This,
in turn, limits the sensitivity of any pathogen
detection system, diagnostic, or forensic kits or
assays that rely upon conventional PCR or PCR-based
technologies. The specificity of a PCR-based
diagnostic, forensic, or pathogen detection system
depends critically on the accuracy with which DNA can
be amplified and read as well as the length of the
target DNA or RNA that can be reliably amplified and
identified. For these and other reasons, current
generation PCR-based technologies and detection
systems are generally limited with respect to overall
speed, efficiency, cost-effectiveness, and scope of
use. Incremental improvements to conventional PCR
methods and devices have been proposed with respect to
some of the isolated performance parameters described
above. For example, Tso et al. discloses a PCR
microreactor for amplifying DNA using microquantities
of sample fluid in U.S. Patent No. 6,613,560, issued
September 2, 2003. Alternatives to high temperatureDNA
denaturation have also been proposed. For example,
Purvis disclosed a method of electrochemical
denaturation of double-stranded nucleic acid in U.S.
Patent No. 6,291,185, issued September 18, 2001.
Stanley discloses another method of electrochemical
denaturation of nucleic acids in U.S. Patent No.
6,197,508, issued March 6, 2001 . Dattagupta et al.
have disclosed a method of using primers to displace
the DNA strand from the template in U.S. Patent No.
6,214,587, issued April 10, 2001. Mullis, supra,
suggested the use of helicase enzymes for separating
DNA strands. In view of the limitations of
conventional PCR, and despite the proposal of various
incremental improvements, there remains a need in the
art for improved methods, devices, and compositions
for the amplification, manipulation, sequencing, and
detection of nucleic acids. Summary of the Invention
The methods and apparatuses described herein provide a
breakthrough technology to perform PCR. The technology
described herein also permits PCR to be performed
without reliance upon thermal cycling. The technology
may be applied at a wide range of ambient temperatures
or using controlled temperature. It is possible to
exercise precise control when desired during
replication and amplification, thereby enabling
substantial improvements in a number of performance
parameters. Dubbed "Nano-PCR(tm)," this technology
introduces a new paradigm in PCR-based detection and
amplification of nucleic acids. Brief Description of
the Drawings FIGS. IA and IB illustrate exemplary flow
charts of PCR methods that do not rely on temperature
cycling. FIGS. 2A-2C illustrate exemplary methods of
and arrangements of elements of a reaction chamber for
applying tension to a DNA strand anchored between
opposed surfaces.FIGS. 3A and 3B illustrate methods of
and arrangements of elements of a reaction chamber for
applying tension to a DNA strand using optical or
magnetic traps. FIG. 4 is an illustration of an
exemplary method of and arrangement of elements of a
reaction chamber for applying tension to a DNA strand
bound to a polymerase fixed to a substrate in a fluid
flow. FIGS. 5A and 5B illustrate exemplary methods of
and arrangements of elements of a reaction chamber for
applying tension to a DNA strand anchored at one end
in a fluid flow. 



FIGS. 6A-6C illustrate exemplary methods of and
arrangements of elements of a reaction chamber for
applying tension to a DNA strand suspended in a fluid
velocity gradient. FIGS. 7A and 7B illustrate
schematics of exemplary devices for performing a PCR
method that does not rely on temperature cycling or
thermal denaturation. Detailed Description of
Embodiments of the Invention Definitions The terms
"nucleic acid," "polynucleotide," and
"oligonucleotide" are used herein to include a
polymeric form of nucleotides of any length,
including, but not limited to, ribonucleotides or
deoxyribonucleotides. There is no intended distinction
in length between these terms. Further, these terms
refer only to the primary structure of the molecule.
Thus, in certain embodiments these terms can include
triple-, double- and single-stranded DNA, as well as
triple-, double- and singlestranded RNA. They also
include modifications, such as by methylation and/or
by capping, and unmodified forms of the
polynucleotide. More particularly, the terms "nucleic
acid," "polynucleotide," and "oligonucleotide,"
include polydeoxyribonucleotides (containing
2-deoxy-D-ribose), polyribonucleotides (containing
D-ribose), any other type of polynucleotide which is
an N- or Cglycoside of a purine or pyrimidine base,
and other polymers containing nonnucleotidic
backbones, for example, polyamide (e.g., peptide
nucleic acids (PNAs)) and polymorpholino (commercially
available from Anti-Virals, Inc.Corvallis, Oreg., as
Neugene) polymers, and other synthetic
sequence-specific nucleic acid polymers providing that
the polymers contain nucleobases in a configuration
which allows for base pairing and base stacking, such
as is found in DNA and RNA. As used herein, "primer"
refers to a single-stranded polynucleotide capable of
acting as a point of initiation of template-directed
DNA synthesis under appropriate conditions (i.e., in
the presence of four different nucleoside
triphosphates and an agent for polymerization, such
as, DNA or RNA polymerase or reverse transcriptase) in
an appropriate buffer and at a suitable temperature.
The appropriate length of a primer depends on the
intended use of the primer but typically is at least 7
nucleotides long and, more typically range from 10 to
30 nucleotides in length. Other primers can be
somewhat longer such as 30 to 50 nucleotides long. PCR
primers are typically about 20-30 base pairs long and
are chosen to be complementary to one strand upstream
(i.e., 5' to 3') of the target sequence and the
opposite strand downstream (i.e., 3' to 5') of the
sequence. The 5' ends of the primers define the ends
of the amplified PCR product. Primers may contain
approximately the same GC content as AT content and no
long stretches of any one base. Furthermore, the
primers should not contain structures that are
substantially complementary to one another. This
insures that "primer dimer" formation or other
secondary structure does not occur. Short primer
molecules generally require cooler temperatures to
form sufficiently stable hybrid complexes with the
template. A primer need not reflect the exact sequence
of the template but must be sufficiently complementary
to hybridize with a template. The term "primer site"
or "primer binding site" refers to the segment of the
target DNA to which a primer hybridizes. The term
"primer pair" means a set of primers including a 5'
"upstream primer" that hybridizes with the complement
of the 5' end of the DNA sequence to be amplified and
a 3' "downstream primer" that hybridizes with the 3'
end of the sequence to be amplified. As used herein,
the term "complementary" means that one nucleic acid
is identical to, or hybridizes selectively to, another
nucleic acid molecule. Selectivity of hybridization
exists when hybridization occurs that is more
selective than totallack of specificity. Typically,
selective hybridization will occur when there is at
least about 55% identity over a stretch of at least
14-25 nucleotides, alternatively at least 65%, at
least 75%, or at least 90%. In one alternative
embodiment, one nucleic acid hybridizes specifically
to the other nucleic acid. See M. Kanehisa, Nucleic
Acids Res. 12:203 (1984). A primer that is "perfectly
complementary" has a sequence fully complementary
across the entire length of the primer and has no
mismatches. The primer is typically perfectly
complementary to a portion (subsequence) of a target
sequence. A "mismatch" refers to a site at which the
nucleotide in the primer and the nucleotide in the
target nucleic acid with which it is aligned are not
complementary. The term "substantially complementary"
when used in reference to a primer means that a primer
is not perfectly complementary to its target sequence;
instead, the primer is only sufficiently complementary
to hybridize selectively to its respective strand at
the desired primer-binding site. As used herein, a
"probe" is a nucleic acid capable of binding to a
target nucleic acid of complementary sequence through
one or more types of chemical bonds, usually through
complementary base pairing, usually through hydrogen
bond formation, thus forming a duplex structure. A
probe binds or hybridizes to a "probe binding site." A
probe can be labeled with a detectable label to permit
facile detection of the probe, particularly once the
probe has hybridized to its complementary target. A
label attached to the probe can include any of a
variety of different labels known in the art that can
be detected by chemical or physical means, for
example. Labels that can be attached to probes
include, but are not limited to, radioisotopes,
fluorophores, chromophores, gold particles, quantum
dots, mass 



labels, electron dense particles, magnetic particles,
spin labels, molecules that emit chemiluminescence,
electrochemically active molecules, enzymes,
cofactors, and enzyme substrates. Probes can vary
significantly in size. Some probes are relatively
short. Generally, probes are at least 7 to 15
nucleotides in length. Other probes are at least 20,
30 or 40 nucleotides long. Still other probes are
somewhat longer, being at least 50, 60, 70, 80, 90
nucleotides long. Yet other probes are longer still,
and areat least 100, 150, 200 or more nucleotides
long. Probes can be of any specific length that falls
within the foregoing ranges as well. A "thermophilic
DNA polymerase" is a thermostable DNA polymerase
enzyme having an optimum temperature at which it
functions, which is higher than 40C. Oftentimes, the
optimum temperature for the function of a thermophilic
DNA polymerase ranges from about 50 C to 80C, or 60C
to 80C. These heat stable enzymes were introduced to
provide more robustness to the repeated cycles of
heating and cooling the enzyme during conventional
PCR. A "difficult sequence" refers to sequences on
which a polymerase enzyme has a tendency to slip, make
mistakes or stop working. Examples of difficult
sequences include sequences of several residues (e.g.
segments of 6, 9, 12, 15, or 30 base pairs or longer)
having greater than about 50% G and C base pairs that
are called GC-rich sequences, sequences containing
tandem repeat segments, polyrepeat sequences such as
poly-A sequences, trinucleotide repeat regions as
found in sequences associated certain diseases like
Huntington's, and other such problematic sequences.
Overview of the Conventional Polymerase Chain Reaction
(PCR) To perform the standard thermal cycling
polymerase chain reaction using a thermophilic (i.e.
heat stable) DNA polymerase, one typically executes
the following steps: 1) prepare a cocktail containing
a PCR buffer, a dNTP mixture, a primer pair, a DNA
polymerase, and doubly-deionized water in a tube; 2)
add the DNA to be amplified to the tube 3) place the
tube in a temperature block of a thermal cycler (e.g.
Perkin-Elmer(tm) 9600 or 9700 PCR Thermal Cycler) 4)
Program the thermal cycler with specific reaction
conditions (e.g. a period for thermal denaturation of
double-stranded DNA by heating to above about 90C for
about 1 to 2 minutes, a period of annealing by slowly
cooling to about 50 to 65 C for 2 min, and a period
for polymerization, also called primer extension, by
heating to about 70 to 75 C for a few minutes) that
are to be repeated for about 25 to 35 cycles.
Executing the method produces about a 2n fold
amplification of the starting material, where n is the
total number of cycles of amplification that are
carried out.While some limitations of conventional PCR
stem from how the conventional technique is typically
carried out, several limitations in the performance
parameters stem directly or indirectly from the
reliance on thermal cycling. Overall reaction yield,
amplification efficiency, sensitivity, robustness, and
portability are each, for instance, restricted by
thermal cycling. The Nano-PCR(tm) methods overcome not
only limitations due to thermal cycling but also
several that are inherent to typical implementation of
conventional PCR. Nano-PCR(tm) Nano-PCR(tm) methods
and apparatuses can dramatically extend the detection
and amplification capabilities of the polymerase chain
reaction by breaking through several limitations
imposed by conventional approaches. Table 1 compares
typical performance parameters of current PCR with
Nano-PCR(tm). Table 1: Performance parameters of
current PCR vs. Nano-PCR(tm)The common denominator of
PCR and PCR-based technologies practiced to date has
been the use of thermal cycling to sequentially
denature DNA, anneal primers, and then extend primers
via a polymerase enzyme. The methods described herein,
dubbed Nano-PCR(tm), and apparatuses for performing
those methods utilize the application of controlled
amounts of force or stress to the nucleic acid
moleculesto provide new alternatives to thermal
cycling for implementing DNA or RNA amplification. As
used herein, applying stress to a nucleic acid
includes direct and indirect application of force to a
nucleic acid that tends to stretch or elongate the
nucleic acid. As examples, stress can be applied to a
nucleic acid by direct application of mechanical
tension, by hydrodynamic stresses in a fluid flow, or
electromagnetic fields, whether acting on the nucleic
acid molecules themselves and/or on surfaces,
substrates, or particles and the like that are bound
to the nucleic acid. In many applications,
Nano-PCR(tm) can break through one or more of the
limitations that have traditionally restricted the
performance and scope of conventional PCR. Cycling of
Mechanical Tension The application of controlled
tension to nucleic acids provides not only an
alternative to thermal denaturation of double-stranded
DNA (dsDNA) but also a unique capability to precisely
control each step of the PCR process. Nano-PCR(tm)
introduces a new approach to amplification of DNA or
RNA by exploiting the effects of precisely controlled
forces, such as mechanical, hydrodynamic, or
electromagnetic stresses on the DNA/RNA molecule
and/or on the polymerizing enzyme. Increasing
temperature of solution comprising a DNA molecule and
increasing stress on a DNA molecule produce analogous
results. Thus, a polymerase reaction cycle can be
initiated by increasing tension applied to a DNA
template to above about 65 pN to denature the DNA. A
step corresponding to the annealing of primers can be
effected by slowly decreasing tension on the DNA
template to below about 50 pN to allow primers to
anneal to the template. Tension 



in the DNA template can then be adjusted within about
0 to about 30 pN during extension of the primer via
enzymatic polymerization in order to control the
progress, rate and/or accuracy of the replication. As
with thermal cycling in conventional PCR, cycling of
stress can be repeated in a pre-programmed cycle in
Nano-PCR(tm) methods.In the examples below, various
modes by which these methods can be put into practice
are described. Hydrodynamic stresses and/or electric
fields applied to the nucleic acid molecules, like
mechanical tension can be cycled to perform Nano-
PCR(tm) without reliance on thermal cycling. Of
course, although Nano-PCR(tm) methods can be performed
without any temperature cycling, this is not to say
that control of temperature will not be advantageous
in some embodiments as more fully discussed below.
Figures IA and IB show exemplary flow diagrams for
Nano- PCR(tm) methods. It will be appreciated that
alterations and additions to the basic protocol will
be made as appropriate for specific tasks such as
sequencing, cloning, mutagenesis, mutation screening,
and pathogen detection, etc. At room temperature and
standard buffer conditions, application of tension
above about 65 pN to double-stranded DNA can cause
denaturation (i.e. melting) into single stranded DNA
(ssDNA). As used herein, "room temperature" is
understood to be a temperature within the normal range
of comfortable laboratory temperatures, generally
about 20-22 C. A theoretical model of the force-
induced melting of DNA at room temperature has been
described by Ioulia Rouzina and Victor A. Bloomfield
("Force-Induced Melting of the DNA Double Helix 1.
Thermodynamic Analysis" Biophys J , 80:882-93, 2001;
and, "Force-Induced Melting of the DNA Double Helix.
2. Effect of Solution Conditions" Biophys J ,
80:894-900, 2001). Using the equations of Rouzina and
Bloomfield as described herein, it is possible for one
of ordinary skill to determine a precise level of
tension that will melt a primer in a manner analogous
to conventional melting point temperature
calculations. Slowly decreasing the applied tension
below about 65 pN in the presence of primer
oligonucleotides can permit the selective binding of
the primers to template DNA in a manner analogous to
slowly cooling denatured DNA below the melting point
temperature of a primer in a thermal cycler.
Accordingly, during a primer annealing step, tension
applied to a nucleic acid template strand can be
slowly reduced from an amount that causes dsDNA to
melt to an amount that permits primer annealing. It
may also be desirable to maintain tension on a DNA
strand at a level that substantially inhibits
polymerase action, for example at about 30 pN
orgreater but below about 50 pN, until unbound primer
is flushed from the reaction chamber to minimize
non-specific binding and non-specific primer
extension. The application of tension to a nucleic
acid template in the range from about 0 to about 30 or
35 pN can be used to slow the rate of polymerase
activity. The exact speed of the enzyme depends on
various factors, including the ambient temperature or
ambient concentrations of polymerase and/or nucleotide
triphosphate substrates. Tension greater than about
35-45 pN at room temperature promotes the natural
proofreading exonuclease activity of the polymerase
enzyme. An exemplary embodiment of a Nano-PCR(tm)
method can comprise: (a) providing a sample of
double-stranded DNA (dsDNA) containing a target
sequence, one or more oligonucleotide primers, for
example a pair of primers complementary to the 3' ends
of the target sequence and its complement; at least
four different nucleoside triphosphates (i.e. ATP,
CTP, GTP, TTP); and a DNA polymerase; (b) denaturing
the dsDNA into single-stranded DNA (ssDNA) template
strands using a non-thermally-driven process, for
example by the application of tension sufficient to
cause dsDNA to melt (e.g. tension greater than about
65 pN) to the dsDNA; (c) controlling the
non-thermally-driven process to promote hybridization
of primers to complementary template strands, for
example, where tension was used to denature the dsDNA,
by reducing the tension applied to the ssDNA; (d)
permitting the DNAp to extend the primers to form
dsDNA; and, (e) repeating steps (b-d) until a desired
amount of DNA sequence amplification is obtained. The
use of a "non-thermally driven process" in the methods
described herein means, for example, that dsDNA
denaturation is not accomplished solely through an
increase in temperature above the melting temperature
of dsDNA, but rather that a physical or mechanical
force is exerted on the nucleic acid that does not
rely on temperature. The non-thermally driven process
may comprise applying tension to the DNA strand, for
example by direct application of mechanical force, by
fluid flow, by application of an electric field,
and/or by the action of one or more denaturing agents.
As described herein, the effect of such a force may be
affected by temperature so that it may be desirable in
a given circumstance to control and optionally to
modulate the temperature during one or more steps of
the methods.A target sequence to be amplified can be
contained in isolated DNA or in a mixture of nucleic
acids and can be contained on complementary strands of
equal or unequal lengths. A method may also include
starting with a composition comprising RNA and
producing a DNA template using reverse transcriptase
or a similar method. A target sequence may
alternatively be provided on a single stranded nucleic
acid, rendering step (b) unnecessary in the first
cycle. The reaction components of step (a) can be
combined at the start of the procedure or may be
introduced separately as needed. Optionally, reaction
components can also be removed from the reaction
chamber during certain steps. For example, nucleoside
triphosphates (NTPs) may be introduced during or prior
to step (d) and the primers 



may be introduced during or prior to step (c) and
unbound primers may be flushed from the chamber before
the primer extension (replication) step. Further, in
various embodiments of the method, tension in the
range of about 0-45 pN, about 0-35 pN, or about 0 to
20 pN can be applied to template DNA strands during
step (d). In such embodiments, the amount of tension
applied to the template strands during step (d) can
optionally be varied over time. The amount of tension
applied to the template strands in step (d) can varied
according to the known or estimated progress of the
polymerase in relation to positions of difficult or
error prone subsequences, such as G-C rich segments
(e.g. segments containing greater than about 50% G-C
base pairs, or greater than about 70% G-C base pairs)
or the positions of segments containing repeating
sequences. Accuracy of Nano-PCR(tm) over Normal and
"Difficult" Sequences When tension is applied to the
template DNA during the primer extension step, a
polymerase can be induced to "reverse direction" and
the exonuclease activity of the polymerase can
predominate. It will be appreciated that at the atomic
scale and over times on the order of a single
polymerase/exonuclease step, the process is
stochastic. However, when considered from an average
over the time scale of several steps the polymerase is
seen to exhibit sustained exonuclease activity when
the applied tension is greater than a threshold that
can be theoretically predicted for a given temperature
and solution conditions.By applying a modulated amount
of tension to template DNA during the primer extension
step in an amount below the threshold at which the
exonuclease activity of a polymerase becomes
predominant, e.g, below about 35 to 45 pN at room
temperature and normal PCR solution conditions, more
preferably in the range of about 10 to 30 pN,
Nano-PCR(tm) can provide substantially increased
accuracy of replicating DNA over conventional PCR.
Furthermore, this effect can be achieved over those
sub-sequences that are difficult using conventional
PCR methods. The amount of tension applied to a
template DNA strand can be adjusted in the range of
about 0 to 45 pN, about 0 to 35 pN, or about 0 to 20
pN over time during the primer extension off a
template that contains a mixture of more and less
problematic segments. For example, according to a map
of the sequence, tension may be increased as necessary
to a level below about 35 pN to promote increased
accuracy over difficult regions and then be carefully
decreased to permit faster processing over less
problematic segments. The length of the template
strand is changed during the primer extension. In some
variations of the methods, it is possible to adjust
the tension on the template in direct response to the
changes in length of the template strand so as to
calibrate the applied tension precisely according to
the progress of the polymerization reaction and the
particular location of the "difficult" subsequences.
In embodiments where it is not practical to directly
monitor the progression of the polymerase, the
position of the polymerase can be estimated by
multiplying the elapsed time by the known rate of
replication for the polymerase at the applied amount
of tension. Thus Nano-PCR(tm) permits accurate
replication of not only normal target templates but
also difficult sequences (e.g. GC rich DNA, tandem
repeat, microsatellite or trinucleotide repeat DNA) to
be replicated and amplified with substantially
increased accuracy relative to conventional PCR. As an
example, where one of the highest fidelity polymerases
currently available (e.g. Phusion Enzyme) is used in
conventional thermally-driven PCR, error rates of
approximately 4.0 x 10 7 errors/base pair are observed
in favorable cases, that is, only on wellbehaved
sequences. By contrast Nano-PCR(tm) methods as
described herein can produce an error rate less than
about 1.0 x 10 7 errors/base pair, less than 5.0 x 10
8errors/base pair, 1.0 x 10 8 errors/base pair, 5.0 x
10 9 errors/base pair, 1.0 x 10 9 errors/base pair,
5.0 x 10  errors/base pair, or even 1.0 x 10 10
errors/base pair. Furthermore the methods described
herein can permit the efficient amplification of
oligonucleotide fragments having a GC content higher
than 50 percent, 60 percent, 70 percent, 75 percent.,
or even 80 percent or 85 percent. In certain cases,
oligonucleotide fragments contain a section of
repeating base pair units at least eight base pairs in
length (e.g., AAAAAAAA, GCGCGCGC). The error rate for
conventional PCR is increased in such cases, usually
approaching 1.0 x 10 2 errors/base pair. The present
methods of Nano- PCR(tm) provide for the amplification
of repeating base pair units with an error rate less
than about 1.0 x 10 3 errors/base pair. Under certain
conditions, error rates less than 1.0 x 10 4
errors/base pair, 1.0 x 10 5 errors/base pair, 1.0 x
10 d errors/base pair, or 1.0 x 10 7 errors/base pair
can be achieved. These low error rates may also be
obtained where the repeating base pair unit is at
least 10 base pairs in length, at least 15 base pairs
in length, or at least 20 base pairs in length. In the
methods described herein, such results can also be
obtained over microsatellite regions, polymerase
slippage regions, and other tandem repeat regions,
which are difficult sequences when using conventional
PCR methods. Amplification Efficiency Where
amplification efficiency is defined by the equation N1
= N2(l+Y) n, and N1 is the number of product copies, N
is the number of template oligonucleotide copies, n is
the number of cycles and Y is the efficiency,
efficiencies greater than 80 percent are achieved.
Under certain conditions, amplification efficiencies
greater than 85 percent, 90 percent, 95 percent, 96
percent, 97 percent, 98 percent, or even 99 percent
can be achieved. Such amplification efficiencies can 



also be obtained where the GC content of the
oligonucleotide fragment is greater than 55 percent,
60 percent, 65 percent, 70 percent or even 75 percent.
Amplification efficiencies greater than 50 percent can
be achieved where the GC content of an oligonucleotide
fragment is greater than 50 percent, 55 percent, 60
percent, 65 percent or 70 percent. Efficiencies
greater than 60 percent, 70 percent,80 percent, 90
percent, 95 percent, 97 percent, or even 99 percent
can be observed. In conventional PCR, these high
GC-rich regions are amplified and sequenced with the
addition of various denaturing agents, including but
not limited to sodium hydroxide, TMA chloride, TMA
oxalate, TMA acetate, TMA hydrogen sulfate, ammonium
chloride, benzyldimethylhexadecylammonium chloride,
HTA bromide, HTA oxalate, betaine monohydrate, DMSO,
and formamide, and the like. In certain embodiments of
Nano-PCR(tm), efficient amplification is also seen
using methods as described herein in the absence of
such polymerase chain reaction additives. Robustness
and Adaptability Conventional PCR methods generally
rely on precise control and cycling of temperature.
Further, conventional PCR methods can require
additional factors such as various denaturing agents
and tedious optimizations. However, the use of tension
cycling to drive amplification as described herein
enables a much higher degree of precision and control
over the PCR process than allowed by thermal cycling
alone. Moreover, the methods described herein can
function under a wide range of temperature conditions,
limited only by factors such as the range of
temperatures under which a chosen polymerase can
function and the melting point temperature of the
primer/template bond at a given tension. Of course, it
will be appreciated that temperature can affect the
rate and accuracy of polymerase enzymes and the
melting of DNA under tension. Generally, the amount of
tension required to melt dsDNA is decreased with
increasing temperature. As a rough guide, from about
to 0 to 20 C, up to about 75 pN can be required to
melt dsDNA. At about 60 C, the amount of tension
required to denature dsDNA can be about 45 pN. The
melting tension decreases to about 7 pN at just below
the free DNA melting point. Although it is generally
not necessary, it may be advantageous to control the
temperature during one or more steps of the methods
depending on requirements of an individual
application. For example, the temperature of the
reaction mixture can be maintained at a temperature
that optimizes the accuracy, polymerization rate,
and/or tension response of a chosen DNA polymerase,
that increases or decreasesthe amount of tension
required to achieve DNA melting, or that is otherwise
advantageous because of the individual device or
working environment. Unless otherwise desired, the
temperature can be generally constant, and the entire
process can be performed at or near normal room
temperature. Unless otherwise indicated, the examples
herein are described using amounts of tension that
will be appropriate at room temperature. One of
ordinary skill will readily be able to adjust the
tension applied to the DNA template for higher or
lower temperatures. Through the application of even
small amounts of tension, thermal cycling temperatures
no longer impose a limitation on the temperature at
which the PCR reaction must be carried out. By
applying a tension of about 7 to 45 pN, for example,
one can decrease the temperature at which
double-stranded DNA denatures by up to about 30
degrees C. Adjusting the amount of tension applied to
DNA enables performance of PCR at temperatures well
below the amount required for denaturation in
conventional PCR. This effect permits PCR using low
amplitude thermal cycling. For example, a method can
comprise a denaturation step in which an amount of
force less than about 65 pN is applied in concert with
an increase in the temperature of the solution to less
than about 90 C, alternatively less than about 8O0 C.
The methods and apparatuses described herein may be
carried out or operated at temperatures below 90 C.
Oligonucleotide denaturation steps, for instance, can
be conducted at below 80 C, 70 C, 60 C, 50 C, 40 C, 30
C, or even 25 C. Annealing steps can be conducted
below 50 C, 45 C, 40 C, 35 C, 30 C, or even 25 C.
Furthermore, polymerization steps can be conducted
below 70 C, 60 C, 50 C, 40 C, 30 C, or even 25 C.
Similarly, pH and ionic strength of the solution in
which the DNA is immersed can affect the
tension-induced melting curves of DNA. Accordingly, by
adjusting the levels of force applied to DNA in the
methods, Nano-PCR(tm) permits using a wider range of
pH and ionic strength solution conditions to carry out
the PCR process than in conventional PCR. Similarly,
all these and additional parameters can affect tension
control of primer extension. The methods described
herein can be adjusted for and even take advantage of
these effects. Thus NanoPCR(tm) methods can be more
robust to a wider range of temperature, ionic
strengths, pH and buffer conditions in general, which
means that it can be performed in a wider range of
situations, demanding less stringent extraction and
purification of the starting DNA or RNA material, and
can be more resistant to various contaminants and
enzyme inhibitors that typically restrict the scope of
conventional PCR. In preferred implementations, the
presence of contaminating substances can be removed by
flushing the sample as part of the Nano-PCR(tm)
process. For example, an unpurified DNA sample
containing contaminants can be introduced into a
Nano-PCR(tm) device, the DNA is retained in the
reaction chamber, e.g. by any of the means described
herein for retaining DNA for the controlled
application of stress. The contaminants are flushed
out of the reaction chamber and reagents are 



flushed in. This can provide substantial robustness to
the Nano-PCR(tm) process, permitting rapid accuracte
amplification in environments that are unfavorable to
conventional PCR. Nano-PCR(tm) Using Direct
Application of Mechanical Force Nano-PCR(tm) methods
can be performed utilizing various methods to directly
apply mechanical tension to DNA strands as a
non-thermally-driven process that can provide for DNA
denaturation and/or precise control of the activity of
DNA polymerase. There are several different ways to
apply tension to a double-stranded oligonucleotide.
For example, DNA strands may be anchored in an array
to a movable element, to individually controllable
elements, or to particles that can be manipulated.
Using opposed coated surfaces: As an example, the
process can be performed using nucleic acids anchored
to opposed coated surfaces, generally as illustrated
in Figures 2A-2C: Coated surfaces are prepared by
attaching a first complexing molecule {e.g.,
streptavidin) 201, 207, which can be the same or
different for each surface, to two substrate surfaces
203, 209. The coated substrate surfaces are arranged
in opposition to one another at a suitable distance
apart. Double-stranded nucleic acids 205, where both
ends of onestrand comprise a complexing molecule that
is complementary to the first complexing molecule
(e.g., biotin) which can recognize and bind to the
first complexing molecule, are immobilized onto the
coated surfaces. Force can be applied to the ends of
the immobilized nucleic acids by increasing the
distance between the coated surfaces or by lateral
translation of one or both surfaces. For example, one
or both substrates may be a movable element or
comprise a movable element, such as a piezoelectic
element. Tension sufficient to cause dsDNA to melt
(e.g. greater than about 65 pN at room temperature)
can be applied to the nucleic acids, producing
anchored strands and freed strands. Both the anchored
and the freed strands can be replicated using
appropriate primers and polymerase. Preferably, the
freed strands can be flushed away and optionally
collected so that only the anchored strands will be
replicated. The position of the opposed surfaces can
be controlled during replication to modulate the
amount of tension applied to the anchored template
strands. The cycle can be repeated as desired. In
variations of a device for performing the method using
opposed coated surfaces 215, 217, one or both surfaces
can also be arranged to form an array of individually
movable elements 219, each of which may be
individually addressed by a control circuit driven by
a programmable processor as illustrated in Figure 2C.
Such a control circuit can include a feedback channel
that reports force and/or displacement parameters to
the processor. Printing or lithography techniques can
be used to pattern sites for anchoring molecules on a
surface. A device for performing the method can also
comprise a channel for introducing reagents to the
chamber or channel comprising the coated surfaces and
apparatus for delivering (and optionally storing)
reagents separately or in combination and for
collecting reaction products. A wide variety of
suitable methods of anchoring a nucleic acid to a
surface are known, including but not limited to
covalent bonding, antigen-antibody, and
streptavidin-biotin. Arrangements of fluid flow can be
utilized to orient and extend DNA strands between
opposed surfaces. For example, as illustrated in
Figure 2B, DNA may be anchored at one end to a surface
213 having passages for fluid flow distributed between
the anchoring locations. Flowing fluid though these
passages can be usedto orient and extend DNA strands
more or less uniformly in a desired direction, for
example towards an opposed surface 211 or array of
movable elements, which may have passages distributed
between anchoring surfaces to receive the fluid flow.
Thus, a method may comprise anchoring DNA strands to a
first surface, flowing fluid through openings in the
first surface towards and through openings in a second
surface opposed to the first surface, and anchoring
DNA strands oriented in the fluid flow to the second
surface. To increase the number of anchored strands
with each cycle, activatable primers can be used in
replicating the attached strands. "Activatable
primers" comprise chemical moieties that can be
activated by chemical or physical methods. These
"activatable groups" are inert until activated, for
example by photoactivation using a laser at an
appropriate wavelength. Many different activatable
chemical groups are known in the art, which can be
converted into or unblock functional complexing
groups. In a variation of the method, activatable
primers are allowed to anneal to the anchored
single-stranded nucleic acids. Primer extension and
fragment replication is performed. The resulting
double-stranded nucleic acids are denatured through
the application of tension to the template strand. The
free copy strands will then comprise the activatable
groups of the primers. Activation allows the copy
strands to become immobilized on the opposing coating
surfaces. This cycle can be repeated until a desired
degree of amplification is obtained. When desired,
anchored nucleic acids can be released, for example by
the use of a restriction enzyme that recognizes a
sequence near an anchored end of the nucleic acid or
that has been introduced into the end of the copied
nucleic acid by the primers. Using optical or magnetic
traps: Another way to directly apply tension to DNA
can utilize optical or magnetic tweezers or other
traps to manipulate particles to which the DNA is
anchored. An optical tweezers traps particles with
forces generated by optical intensity gradients. 



Dielectric particles polarized by the light's electric
field are drawn up the gradients to the brightest
point. Reflecting, absorbing and low-dielectric
particles, by contrast, are driven by radiation
pressure to the darkest point. Optically generated
forcesstrong enough to form a three-dimensional trap
can be obtained by bringing a laser beam with an
appropriately shaped wavefront to a tight focus with a
high numerical aperture lens. Figure 3A illustrates a
DNA strand extended between beads 301 tapped at the
focus of a laser beam 303. It is possible to
manipulate large numbers of particles using an array
307 of optical tweezers as illustrated in Figure 3B.
Commercially available optical tweezers arrays include
those produced by Arryx, Inc. Another implementation
of an array of optical tweezers, see E. R. Dufresne
and D. G. Grier, Rev. Sci. Instr. 69:1974 (1998); and,
U. S. Patent No. 6,055,106 (2000). An optical tweezers
array can comprise about 103, 104, 105, 106, or more
pairs of optical or magnetic tweezers. Amplification
using optical or magnetic tweezers can generally be
performed as follows: A nucleic acid is anchored to
appropriate particles at each end in a fluid medium.
The particles may be adapted to be manipulated using
optical or magnetic traps. Tension sufficient to
denature a dsDNA, for example greater than about 65
pN, is applied to the oligonucleotide through the
application of force (e.g., optical or magnetic) to
the particles, resulting in the denaturation of the
nucleic acid. The tension can be reduced in the
presence of primers to allow the primers and nucleic
acid to anneal. Polymerization by DNA polymerase can
be initiated by further relaxing the tension. To
repeat the cycle, tension can be increased such that
the resulting double-stranded nucleic acids are
denatured. In a variation, a nucleic acid can be
anchored at one end to a bead that is trapped in a
fluid flow, for example by a magnetic field. Fluid
flow rate can be used to control tension on the
nucleic acid. It is possible to begin from a single
target molecule and sequentially populate an array
with copy strands. Copy strands can be anchored to new
beads using activatable primers. New beads can be
brought into proximity with the copied strands.
Alternatively, beads having pre-immobilized primers
can be brought into proximity with the copied strands
in conjunction with the denaturation step.
Manipulation of the beads in this fashion optionally
may be automatically controlled by a programmable
processor.Nano-PCR(tm) Using Hydrodynamic Stress
Nano-PCR(tm) methods can be performed utilizing the
application of tension to DNA by hydrodynamic stress
in controlled fluid flow. Methods using this approach
can be performed in a microfluidic device, which can
be a benchtop device or alternatively can be reduced
to a portable size such as may be incorporated in a
handheld device. Nano-PCR(tm) methods utilizing the
application of tension to DNA by hydrodynamic stress
in controlled fluid flow can be performed using any
arrangement that provides for a controlled rate of
fluid flow. Using anchored DNApolymerase: A method of
performing a Nano-PCR(tm) method using polymerase
anchored to a surface in a device can comprise the
following steps. Polymerase is immobilized on a
surface that is arranged such that fluid can be flowed
over the surface at a controlled rate. For example, a
surface in a channel or chamber that has been coated
with a first complexing moiety can be used to
immobilize a DNA polymerase that has been modified to
comprise a second complexing moiety. Exemplary
complexing moieties include antigen-antibody,
histidine to Ni-NTA, or biotin- streptavidin pairs.
Target dsDNA is denatured in the presence of primers,
for example dsDNA and primers can be subjected to a
flow rate such that a force sufficient to cause dsDNA
to melt (e.g. greater than about 65 pN) is applied to
the dsDNA. Polymerase/nucleotide/primer complexes can
be allowed to form by reducing the flow rate. Primer
extension and fragment replication can be promoted
through a further reduction of flow rate.
Double-stranded nucleic acid products comprising
template and copy strands can be denatured through the
application of an increased flow rate, and the cycle
can be repeated until a desired degree of
amplification is obtained. In such a method,
polymerase may be immobilized in a microchannel, for
example a microchannel in a microfluidic "lab on a
chip" type device. In variations of a device for
performing the method using polymerase anchored on one
or more coated surfaces, such a device can also
comprise a channel for introducing reagents to a
reaction chamber or channel comprising the coated
surfaces and apparatus for delivering and optionally
storing reagents separately or in combination and for
collecting reaction products.Printing or lithography
techniques known in the art can be used to pattern
sites for anchoring molecules. Such a device will
comprise an apparatus for creating and controlling
fluid flow in the reaction chamber or channel. Any
suitable method for creating and controlling fluid
flow can be used including electrodynamic methods,
pumps and syringe apparatuses. Reagent solutions
optionally can be recycled through the reaction
chamber. Figure 4 illustrates an approach in which
polymerase 401 is anchored to a substrate 407, for
example by streptavidin binding and the like. DNA
strands 403 are permitted to bind to the anchored
polymerase. Controlled fluid flow 409 passed over the
substrate 407 causes application of stretching force
on the DNA strands in the form of hydrodynamic stress.
Nano-PCR can be carried out using such an application
of force according to the general scheme illustrated
in Figure 1 as described above. Using anchoredDNA
strands in a controlledfluid flow. Another way to 



apply tension to nucleic acids involves immobilized
nucleic acids in a controlled fluid flow. The process
can generally be performed as follows: Nucleic acids
comprising, at one end, a first complexing moiety that
recognizes and can bind to a second complexing moiety
coated on a surface, are allowed to become immobilized
on the coated surface. Fluid is flowed over the
surface such that a force sufficient to cause dsDNA to
melt (e.g. greater than about 65 pN) is applied to
anchored doublestranded nucleic acids, which results
in strand separation. DNA polymerase and primers,
optionally primers comprising activatable groups, are
flushed over the surface at a reduced flow rate. A
reduced or stopped flow rate allows formation of
polymerase/oligonucleotide/primer complexes. Primer
extension and fragment replication can be promoted in
the presence of NTPs through a further reduction or
stoppage of flow rate. After replication, the flow
rate can be increased, subjecting the resulting dsDNA
to tension such that the dsDNA is denatured. If
activatable primers are used, the extended primers can
be activated. These activated, extended primers can be
allowed to bind to the coated surface, and the cycle
can repeated until a desired degree of amplification
is obtained. In such a method, polymerasemay be
immobilized on a surface in a microchannel, for
example a microchannel in a microfluidic "lab on a
chip" type device. Figure 5 illustrates the stretching
of DNA in a fluid flow by hydrodynamic stress where
DNA strands 503 are anchored to a substrate 507
through anchoring molecules 501. Fluid flowing in
direction 509 extends and stretches the DNA in a
controlled manner as a function of the fluid flow
velocity. Figure 5B illustrates a variation in which
DNA strands 503 are anchored by binding molecules 501
to a plurality of substrate structures 505 such that
fluid can flow between the structures at a controlled
rate. It will be appreciated that there are a large
number of other variations that can be used to achieve
a similar result. In variations of a device for
performing the method using nucleic acid anchored on
one or more coated surfaces, such a device can also
comprise a channel for introducing reagents to a
reaction chamber or channel comprising the coated
surfaces and apparatus for delivering and optionally
storing reagents separately or in combination and for
collecting reaction products. Printing or lithography
techniques known in the art can be used to pattern
sites for anchoring molecules. Such a device can
comprise an apparatus for creating and controlling
fluid flow in the reaction chamber or channel. Any
suitable method for creating and controlling fluid
flow can be used. For example flow can be provided by
means of a pump or can be electrostatically driven.
Reagent solutions can optionally be recycled through
the reaction chamber. StretchingDNA in a velocity
gradient and using hydrodynamicfocusing: An
alternative approach to applying tension using fluid
flow can be used in combination with the above
methods, or may form the basis of a distinct method.
DNA can be stretched in a fluid that has a velocity
gradient. Various exemplary arrangements for
hydrodynamic focusing and counter propagating
elongational flows are illustrated in Figures 6A-6C.
For example, Wong et al. reviewed the basis of several
such techniques and described a method of hydrodynamic
focusing (Wong et al., "Deformation of DNA molecules
by hydrodynamic focusing." J. Fluid Mech. 497:55-65,
2003). In hydrodynamic focusing, illustrated by Figure
6A, two streams of buffer 607 flowingat a relatively
high rate converge in a microchannel 605 with a center
stream that is introduced at a low flow rate. The
converging streams accelerate the center stream
without substantially mixing. The result is a region
of flow having a strong velocity gradient in the flow
direction. DNA 601 in this gradient is stretched to an
extended state. By increasing the flow rates of the
converging streams even more, it will be possible to
denature dsDNA such that ssDNA emerges from the
microchannel. This permits delivering ssDNA to a
reaction chamber, for example where polymerase has
been anchored. Stagnation flow can be used to trap and
apply tension to nucleic acids without the need for
any anchoring. Perkins et al. described elongation of
DNA in a planar elongation flow apparatus ("Single
Polymer Dynamics in an Elongation Flow" Science,
276:2016-21, 1997). In Perkins' apparatus, fluid is
flowed 623 from opposing directions into a T-shaped
junction 625 such as illustrated in Figure 6C. At the
center of the junction, a stagnation point 629 is
established. Outside of this point, a fluid velocity
gradient is established. DNA 601 can become trapped at
the stagnation point, being pulled equally in opposite
directions by the velocity gradient. Alternative
arrangements such as channel 615 illustrated in Figure
6B can include offset jets 617 of fluid entering a
channel 615, or flowing buffer in opposing directions
across a slot in which nucleic acid resides.
Nano-PCR(tm) Methods Using Cycling of Applied Electric
Fields It is possible to apply force to DNA strands in
Nano-PCR(tm) methods through the use of electric and
magnetic fields. There are a variety of ways that this
can be accomplished. For example, electric fields can
be used to indirectly apply force to DNA by driving
fluid flow in a microfluidic device. As described
above, fluid flow can be used to apply hydrodynamic
stress to DNA, for example, DNA anchored to a surface
and/or to a particle, or bound to a DNA polymerase
that is anchored to a surface. Electroplioretic forces
can also apply force directly to DNA strands. Electric
fields may also be used to manipulate DNA strands
bound to 



conductive particles. Accordingly, Nano-PCRTM methods
can be performed where denaturation, annealing, and/or
primer extension steps are controlled by a
nonthermally-driven process wherein one or both ends
of a DNA strand is bound to a conductive particle,
e.g. gold nanoparticles or the like, which can be
manipulated by electric fields to apply tension to the
DNA strand. Where one end of a DNA molecule is
attached to a conductive particle, the other end can
be anchored to a surface in a reaction chamber in a
device. Such methods may utilize activatable primers
as described herein to anchor DNA strands produced in
each cycle. Exemplary Applications of Nano-PCR(tm)
Methods Nano-PCR(tm) methods can be employed in kits
and systems for pathogen and bioweapon detection.
Examples of such pathogens include, without
limitation: Adeno-associated Virus (AAV), Adenovirus,
Cytomegalovirus (CMV), Epstein- Barr Virus,
Enterovirus, Hepatitis A Virus (HAV), Hepatitis B
Virus (HBV), Hepatitis C Virus (HCV), Human Herpes
Virus Type 6 (HHV-6), Human Immunodeficiency Virus
Type 1 (HIV-I), Human Immunodeficiency Virus Type 2
(HIV-2), Herpes Simplex Virus Type 1 and Type 2 (HSV-I
and HSV-2), Human TCeIl Lymphotropic Virus Type I and
Type II (HTLV-I and HTLV-II), Mycobacterium
tuberculosis, Mycoplasma, Parvovirus B- 19,
Respiratory Synctitial Virus (RSV) and Porcine
Endogenous Retrovirus (PERV). Nano-PCR(tm) methods can
be used for detection of any pathogen in any
environment because of the enhancements in
sensitivity, accuracy and robustness these methods can
provide. The detection and identification of a
particular pathogen using conventional PCR-based
diagnostics generally requires that the pathogenic
organism or its polynucleotide be present in a
biological fluid (e.g. blood, saliva, etc.) at a
certain threshold concentration. The lower detection
limit of Mycobacterium tuberculosis, for example, has
been reported as 7.5 x 103 organisms/ml. HCV RNA is
detectable in a range from 100 to 1000 RNA
molecules/ml. Shim has reported that the polymerase
chain reaction detects around 87.5 percent of proven
Mycobacterium tuberculosis-contaimng nodules. That
corresponds to a false-negative rate for detection of
12.5 percent. In preferred embodiments Nano-PCR(tm)
methods can be used to detect pathogens such as the
above with false-negative rates typically lessthan
12.5 percent, 10 percent, 5 percent, 2.5 percent, 1
percent, 0.5 percent, 0.25 percent, or 0.1 percent.
Furthermore, Nano-PCR(tm), can be performed such that
it is not limited to about 30-35 cycles of
amplification as conventional PCR generally is. This
is because of degradation of polymerase after repeated
cycles of heating above the DNA melting temperature.
In contrast, Nano-PCRTM methods can optionally
comprise 40, 50, 60, 70, 100, or more cycles. As
Nano-PCR(tm) can be performed in an isothermal manner,
or using low amplitude temperature modulation, Nano-
PCR(tm) can be repeated for many cycles, limited only
by the lifetime of the enzyme (e.g. at room
temperature). Thus Nano-PCR(tm) methods can be used to
amplify amounts of starting material (either organisms
or their DNA or RNA) that are substantially less than
amounts required by conventional PCR. Nano-PCR(tm)
methods can be used to detect and reliably amplify as
little as a single molecule of DNA or RNA,
dramatically decreasing the false-negative rate and
providing increased sensitivity of as much as 100%.
For pathogens such as those exemplified above,
organisms or polynucleotides can be detected at
concentrations lower than 1000 organisms or
polynucleotides/ml, 100 organisms or
polynucleotides/ml, 50 organisms or
polynucleotides/ml, 25 organisms or
polynucleotides/ml, 10 organisms or
polynucleotides/ml, 5 organisms or polynucleotides/ml,
or even as little as 1 organism or polynucleotide/ ml.
An exemplary variation of the method can be used for
detecting the presence or absence of at least one
specific DNA sequence or distinguishing between two
different DNA sequences in a sample. In such a
variation, target DNA can be amplified as described
above. The method can further comprise: contacting the
amplified DNA with a probe or probes (e.g., an
oligonucleotide complementary to the sequence to be
detected that also comprises a detectable moiety, such
as a fluorescent label); and, detecting whether the
specific DNA sequence is in the sample by observing
the presence or absence of the probe bound to the
amplified DNA, or distinguishing between two different
sequences by detecting which of a plurality of probes
is bound to the amplified DNA.Aiiother variation of
the method can be used for amplification and/or
detection of a sequence encoded on RNA. The target
sequence can be encoded on an isolated RNA or on RNA
in a mixture of nucleic acids. The method can
comprise: isolating RNA from a sample {e.g., tissue or
fluid); performing reverse transcription thereby
obtaining a corresponding cDNA; and, amplifying the
target sequence as described above. Such methods can
further comprise detecting the presence of a specific
sequence in the sample as described above. Another
variation of the method can be used for sequencing a
DNA. Such a method can comprise optionally amplifying
the DNA as described above and sequencing the DNA.
Sequencing the DNA can comprise (a) providing a sample
of dsDNA containing a target sequence, the sample
being divided into four parallel reactions, a primer
complementary to the 3' end of the target sequence; at
least four different nucleoside triphosphates (i.e.
ATP, CTP, GTP, TTP); providing a different dideoxy
nucleoside triphosphate (ddNTP) selected from among
ddATP, ddCTP, ddGTP, and ddTTP optionally labeled with
a detectable chemical moiety such as a 



fluorescent moiety, and a DNA polymerase in each
parallel reaction; (b) denaturing the dsDNA into ssDNA
template strands using a non-thermally-driven process,
for example by the application of tension sufficient
to cause dsDNA to melt (e.g. greater than about 65 pN)
to the dsDNA; (c) controlling the non-thermally-driven
process to promote hybridization of primers to
complementary template strands, for example, where
tension was used to denature the dsDNA, by reducing
the tension applied to the ssDNA; (d) permitting the
DNAp to extend the primers to form dsDNA; (e)
optionally repeating steps (b-d) until a desired
amount of DNA sequence amplification is obtained, and
determining the sequence by detecting the length of
each nucleotide produced in the reaction or by
detecting the base specific fluorescent moiety or some
other base-specific signal as in various single
molecule sequencing schemes. Nano-PCR(tm)Devices There
are many different device types and configurations one
can use to perform non-thermally-driven polymerase
chain reactions as described herein. Onesuch device is
a microfluidic device, where the flow rate within
microfhiidic channels on the device is controllable
and variable. In preferred embodiments, a device will
have a reaction chamber, which can be a channel, an
arrangement of channels, or an enclosed space. The
reaction chamber will generally comprise a means of
retaining nucleic acids and a means of applying stress
or tension to the nucleic acids retained therein.
Thus, arrangements designed to carry out any of the
methods described herein can be envisioned comprising
a combination of channels and enclosed spaces having
disposed therein particles capable of binding nucleic
acids or complexing molecules capable of securing
their complementary complexing molecules, surfaces
having complexing molecules, movable elements,
channels for directing fluid flow and generating a
fluid velocity gradient, pumps, valves, membranes, and
the like. The chamber can comprise an optically
transparent window, for example, if optical
micromanipulators are to be used. The devices can be
manufactured as microfluidic devices which may be
incorporated into handheld units. If desired,
Nano-PCR(tm) can be performed in solution volumes of
less than about a microliter, for example about
50-1000 nL, preferably about 100-500 nL. As an
example, Figure 7A illustrates a possible
configuration of a device in which reagents can be
introduced through inlets 701, 707 and 715. One or
more storage chambers 705, 711 can be provided to
contain prepared buffers, dideoxy nucleotide
triphosphates, polymerase, and the like. Valves 703,
709, 717 and 718 may comprise one or more fluid gates
arranged to control fluid flow at junctions between
channels. Reaction chamber 715 may be arranged to
permit controlled application of tension to nucleic
acid molecules therein, for example as illustrated in
Figures 2-6. A channel 721 and pump 723 are optionally
provided to permit recycling and controlled flow of
regents through chamber 715. Pump 723 may operate by
any appropriate mechanism recognized in the art, for
example peristaltic pumping, pumping by use of one or
more bellows or pistons, by electromotive force, and
variations or combinations of such devices and the
like. Where recycling is not desired, flow may be
controlled within chamber 715 or externally, for
example by syringes attached at inlet and/or outlets
701 and 719. An example of a microfluidic device
utilizing a circular, or roughly circular, channel
configuration is illustrated byFigure 7B. Inlets 751
permit introduction of reagents either directly to a
channel feeding reaction channel 763 or into one or
more storage chambers 753, 754 for later use. Valves
755, 757, and 759 control flow into and out of the
reaction channel. Pumps 761 may operate to control
fluid velocity in channel 763 by peristaltic action,
for example by deflection of one or more valve gates
into channel 763 in a sequentially controlled manner,
electromotive force, or any other means recognized in
the microfluidics art. For example, a device may be
constructed using valves and a peristaltic pumping
arrangement that comprise structures constructed of
elastomeric material that can be deflected into the
channels of the device in a controlled sequence to
control flow, such as described in published PCT
application WO/02081729. The operation of the device
illustrated in Figure 7B can be further understood
through a description of its operation during a
non-thermally-driven polymerase chain reaction. In the
specific instance of nucleic acid amplification
reactions, a sample containing or potentially
containing a target nucleic acid is introduced into
loop 763 through an inlet 751. In some examples, one
or more walls of the loop 763 have been prepared for
anchoring polymerase or nucleotides as illustrated in
Figures 4-5. Alternatively, the loop may be arranged
to create fluid velocity gradients, counter
propagating fluid flow, and the like by utilizing
additional inlets or rotating surfaces such as
illustrated in Figure 6. Other reagents necessary to
conduct the amplification reaction are similarly
introduced through the inlets. Typical reagents
include a primer or primers (e.g., forward and reverse
primers) that specifically hybridize to the target
nucleic acid, the four deoxynucleoside triphosphates
(i.e., dATP, dTTP, dGTP and dCTP), a polymerase, a
buffer and various cofactors required by the
polymerase (e.g. , metal ion). Following introduction
of the sample and necessary amplification reagents
into loop 763, the resulting solution is circulated
under the action of pumps 761. By varying the rate of
pump action, one can control the solution
circulation/flow rate. A flow rate resulting in
application of about 65 pN of force to the target
nucleic acid is established, which denatures it. The
flow rate is decreased such that the force 



applied to the target nucleic acid is in a range from
about 30 pN to 60 pN. Thisallows formation of
polymerase/nucleic acid/primer complexes. Primer
extension is initiated by further reducing the flow
rate to a value corresponding to less than 30 pN of
applied force. Upon completion of primer extension,
the flow rate is again increased to denature the
resulting double-stranded nucleic acid. The recited
steps are repeated until a desired quantity of target
nucleic acid is obtained. One can access the amplified
target nucleic acid by flushing solution through
outlet 765 by opening valve 759. An apparatus for
conducting Nano-PCR(tm) methods can comprise a
programmable control device that can individually
address and control elements of the reaction device
and may also include sensors and feedback circuits so
that the control device can monitor, analyze, and if
desired can adjust reaction parameters, such as
applied stress and template extension. Examples
Example 1: Method and Device Using Opposing Coated
Surfaces A pair of streptavidin-coated surfaces are
prepared according to standard methods. ( Sabanayagam,
Smith, and Cantor. "Oligonucleotide immobilization on
micropatterned streptavidin surfaces." Nucleic Acids
Res. 2000, Vol. 28, No. 8 pp. i-iv ) Biotinylated
dsDNA (biotinylation at both ends of one strand) is
added to the surfaces, which immobilizes the dsDNA
between the surfaces. Jeffrey M.Rothenberg and Meir
Wilchek. p-Diazobenzoyl-biocytin: a new biotinylating
reagent for DNA Nucleic Acids Research Volume 16
Number 14 1988) By adjusting the concentration of the
template that is applied to the surface, the surface
density of the DNA molecules can be controlled. At
room temperature, greater than about 65 pN of tension
is applied to the dsDNA by increasing the distance
between the coated surfaces. This denatures the dsDNA,
leaving only target ssDNA for amplification. The bound
DNA is contacted with primers comprising caged biotin
groups, while the distance between the surfaces is
reduced so that between 30 pN and 60 pN is applied to
the immobilized ssDNA. The primers are allowed to
anneal to the target DNA, and DNA polymerase and
nucleotides are added to the resulting complex. Primer
extension is initiated by further reducing the applied
tension to<30 pN. Once primer extension is complete, a
force >65 pN is applied to the resulting duplex by
increasing the distance between the surfaces. This
application of force denatures replica nucleotide
strand from its template. The replica strands
containing caged biotin moieties are photoactivated
and allowed to bind to the streptavidin-coated,
opposing surfaces. The above-recited steps are
repeated until a desired degree of amplification is
obtained for the target nucleotide. Caged biotin
reagents can be purchased from commercial vendors such
as Molecular Probes or Pierce. For example, a
derivative of biotin with a photoactivatable
nitrobenzyl group (MeNPOC-biotin) exists in a form
well-suited for easy linkage to biomolecules and
surfaces. (Pirrung MC, Huang CY. A general method for
the spatially defined immobilization of biomolecules
on glass surfaces using "caged" biotin. Bioconjug
Chem. 1996 May-Jun;7(3):3 17-21). Example 2: Method
and Device Using Immobilized Polymerase A
streptavidin-coated microchannel surface is prepared
according to standard methods. Sabanayagam, Smith, and
Cantor. "Oligonucleotide immobilization on
micropattepied streptavidin surfaces." Nucleic Acids
Res. 2000, Vol. 28, No. 8 pp. i-iv) Biotinylated DNA
polymerase is flushed into the microchannel and
incubated to allow surface saturation. Commercial kits
for the biotinylation of enzymes are available, for
example, from Pierce Labs. Unbound enzyme is flushed
out of the microchannel and target nucleotide (e.g.,
ssDNA, RNA) and primers are flushed in at a chamber
flow rate that applies >60 pN of force on the
nucleotide. The polymerase/nucleotide/primer complex
is allowed to form by reducing the flow rate such that
a force between 30 pN and 60 pN is applied to the
nucleotide. Primer extension is allowed to occur by
further reducing the chamber flow rate to <30 pN. Once
primer extension is complete, a force >65 pN is
applied to the resulting duplex by increasing flow
rate. This application of force denatures replica
nucleotide strand from its template. The denatured
strands are allowed to cycle through the microfluidic
chamber until polymerase binding occurs, and the
above-recited steps are repeated until a desired
degree of amplification is obtained for the target
nucleotide.Example 3: Method and Device Using DNA
Immobilization A streptavidin-coated microchannel
surface is prepared according to standard methods.
(Sabanayagam, Smith, and Cantor. "Oligonucleotide
immobilization on micropatterned streptavidin
surfaces." Nucleic Acids Res. 2000, Vol. 28, No. 8 pp.
i-iv. Biotinylated dsDNA (biotinylation at one end of
one strand) is flushed into the microchannel and
incubated to allow surface binding. (Jeffrey
M.Rothenberg and Meir Wilchek.
p-Diazobenzoyl-biocytin: a new biotinylating reagent
for DNA Nucleic Acids Research Volume 16 Number 14
1988 ) A chamber flow rate that applies a force >65 pN
to the bound dsDNA is established. This denatures the
dsDNA, leaving only target ssDNA for amplification.
DNA polymerase, nucleotides, and caged biotinylated
primers are flushed into the microchannel. Caged
biotin reagents can be purchased from commercial
vendors such as Molecular Probes or Pierce. For
example, a derivative of biotin with a
photoactivatable nitrobenzyl group (MeNPOC-biotin)
exists in a form well-suited for easy linkage to
biomolecules and surfaces. (Pirrung MC, Huang CY. A
general method for the spatially defined
immobilization of biomolecules on glass surfaces 



using "caged" biotin. Bioconjug Chem. 1996 May-Jun;
7(3):317-21). The chamber flow rate is decreased such
that between 30 pN and 60 pN is applied to the bound
ss DNA. The primers are allowed to anneal to the
target DNA, and the resulting compounds are allowed to
complex to DNA polymerase. Primer extension is allowed
to occur by further reducing the chamber flow rate to
<30 pN. Once primer extension is complete, a force >65
pN is applied to the resulting duplex by increasing
flow rate. This application of force denatures replica
nucleotide strand from its template. The replica
strands containing caged biotin moieties are
photoactivated and allowed to bind to the
streptavidin-coated microchannel surface. The
above-recited steps are repeated until a desired
degree of amplification is obtained for the target
nucleotide.Example 4 : Method and Device Using Optical
Tweezers A double-stranded DNA complex is immobilized
between polystyrene beads in an appropriate medium at
ambient temperature. ("Overstretching B-DNA: the
Elastic Response of Individual Double Stranded and
Single Stranded DNA Molecules" by Steven B. Smith,
Yujia Cui, and Carlos Bustamante Science (1996) vol.
271, pp. 795-799) A stretching force of approximately
65 pN is applied to the DNA through the use of optical
tweezers. (Rouzina, L, and V. A. Bloomfield. 2001b.
Force-induced melting of the DNA double helix 2.
Effect of solution conditions. Biophys. J. 80:894-900
) The force results in DNA denaturation. Primers are
added to the medium, and the stretching force is
reduced to less than 60 pN. This allows the primers to
anneal to the denatured, single-stranded DNA. DNA
polymerase and nucleotides are added to the medium,
and highly accurate replication is initiated by
reducing the stretching force to between 0 and 30 pN.
After replication is complete, a stretching force of
approximately 65 pN is applied to each of the
double-stranded DNA complexes, resulting in the
release of singlestranded DNA molecules. This can be
scaled up by using an array of manipulators. For
example, an array such as the optical trap arrays made
by Arryx, Inc. can be used. While the invention has
been described in detail with reference to particular
embodiments thereof, it will be apparent to one
skilled in the art that various changes can be made,
and equivalents employed, without departing from the
scope of the invention.WHAT IS CLAIMED IS: 1. A method
for amplifying a nucleotide sequence wherein the
method comprises: (a) contacting one or more template
strands of single-stranded DNA with one or more
oligonucleotide primers complementary to a portion of
each template strand and; (b) permitting hybridization
of at least one primer to the complimentary portion of
the template strands; (c) contacting the template
strands with a DNA polymerase and at least four
different nucleoside triphosphates, (d) permitting
extension of the primers by the DNA polymerase thereby
forming extension products bound to the template
strands; (e) separating the extension products from
the template strands; and thereafter repeating steps
(a), (b), (c), and (d) one or more times with step (e)
performed before each repetition; wherein permitting
hybridization of at least one primer to the
complimentary portion of the template strands
comprises, controlling the hybridization by
controlling an application of stress to the template
strands, or wherein permitting extension of the
primers by the DNA polymerase comprises controlling
the extension of the primers by the DNA polymerase to
form extension products complementary to each template
strands by controlling an application of stress to the
template strands, or wherein separating the extension
products from the template strands comprises
separating the extension products from the template
strands by applying stress to the template strands, or
a combination of these wherein stress is applied to
the template strands during more than one of steps
(b), (d), and (e). 2. The method of claim 1, wherein
permitting hybridization of at least one primer to the
complimentary portion of the template strands
comprises,controlling the hybridization by controlling
an application of stress to the template strands, and
wherein permitting extension of the primers by the DNA
polymerase comprises controlling the extension of the
primers by the DNA polymerase to form extension
products complementary to each template strands by
controlling an application of stress to the template
strands. 3. The method of claim 1, wherein permitting
extension of the primers by the DNA polymerase
comprises controlling the extension of the primers by
the DNA polymerase to form extension products
complementary to each template strands by controlling
an application of stress to the template strands, and
wherein separating the extension product from the
template strands comprises separating the extension
product from the template strands by applying stress
to the template strands. 4. The method of claim 1
wherein permitting hybridization of at least one
primer to the complimentary portion of the template
strands comprises, 



controlling the hybridization by controlling an
application of stress to the template strands, and
wherein separating the extension product from the
template strands comprises separating the extension
product from the template strands by applying stress
to the template strands, or a combination of these. 5.
The method of claim 1, wherein permitting extension of
the primers by the DNA polymerase comprises
controlling the extension of the primers by the DNA
polymerase to form extension products complementary to
each template strands by controlling an application of
stress to the template strands, and wherein permitting
hybridization of at least one primer to the
complimentary portion of the template strands
comprises controlling the hybridization by controlling
an application of stress to the template strands,
andwherein separating the extension product from the
template strands comprises separating the extension
product from the template strands by applying stress
to the template strands, or a combination of these. 6.
The method of claim 1, wherein controlling an
application of stress to the template strands
comprises controlling an application of mechanical
tension, hydrodynamic stress, or electrical field
energy to the template strands. 7. The method of claim
1, wherein controlling an application of stress to the
template strands comprises directly applying a
controlled amount of mechanical tension to the
template strands. 8. The method of claim 7, wherein
directly applying a controlled amount of mechanical
tension to the template strands comprises moving a
surface to which one or more template strands is
attached. 9. The method of claim 1, wherein
controlling an application of stress to the template
strands comprises controlling hydrodynamic stress on
the template strands. 10. The method of claim 9,
wherein the template strands are anchored to a surface
exposed to a fluid flow, the template strands are
bound to a DNA polymerase anchored to a surface
exposed to a fluid flow, or the template strands are
retained and extended by counter-propagating fluid
flows. 11. The method of claim 1, wherein controlling
an application of stress to the template strands
comprises applying force to particles connected to one
or both ends of the template strands. 12. The method
of claim 3, wherein applying stress in step (e)
comprises applying increased amounts of the same
stress applied in step (d).13. The method of claim 1,
wherein permitting hybridization of at least one
primer to the complimentary portion of the template
strands comprises controlling the hybridization by
controlling an application of stress to the template
strands within the range of about 0 to about 30 pN.
14. The method of claim 1, wherein permitting
hybridization of at least one primer to the
complimentary portion of the template strands
comprises controlling the hybridization by controlling
an application of stress to the template strands
within the range of about 10 to about 30 pN. 15. The
method of claim 1, wherein permitting extension of the
primers by the DNA polymerase comprises controlling
the extension of the primers by the DNA polymerase to
form extension products complementary to each template
strands by controlling an application of stress to the
template strands in the range of about 30 pN to about
60 pN. 16. The method of claim 1, wherein permitting
extension of the primers by the DNA polymerase
comprises controlling the extension of the primers by
the DNA polymerase to form extension products
complementary to each template strands by controlling
an application of stress to the template strands and
increasing the stress at a time corresponding to a
period during which a difficult sequence on the DNA is
replicated. 17. The method of claim 16, wherein the
DNA comprises one or more segments of several residues
which have a GC content greater than 50 percent and
the DNA is amplified at greater than 90 percent
efficiency. 18. The method of claim 16, wherein the
DNA comprises one or more segments of several residues
which have a GC content greater than 60 percent.19.
The method of claim 16, wherein the DNA comprises one
or more segments comprising a repeating unit of 8 or
more base pairs and the DNA is amplified at greater
than 90 percent efficiency. 20. The method of claim 1,
wherein steps (a), (b), (c), (d) and (e) are conducted
at below about 65 C. 2 1. The method of claim 1,
wherein the steps are repeated at least about 50
times. 22. The method of claim 21, wherein a template
strands of greater than about 1000 bases is amplified.
23. The method of claim 22, wherein the method is
completed in about 1 hour or less. 24. The method of
claim 1, wherein the solution comprising the DNA has a
PH of4-7 or 8-10. 25. The method of claim 1, carried
out in a reaction chamber having a volume of less than
about a microliter. 26. The method of claim 1, further
comprising prior to step (a): obtaining a sample of
RNA, 



contacting the RNA with a reverse transcriptase in the
presence of a composition sufficient to permit
creation of a complementary DNA strand, separating the
DNA from the RNA to form single stranded DNA. 27. The
method of claim 1, further comprising prior to step
(a): obtaining a sample of DNA, denaturing said
DNA,binding strand of said DNA to a substrate in a
reaction chamber, flushing said reaction chamber to
remove contaminants from said sample. 28. The method
of claim 1 wherein, in the first instance of step (a),
the one or more template strands are obtained from a
single molecule of DNA. 29. The method of claim 1
wherein, in at least the first instance of step (a),
the one or more template strands are contained in an
unpurified sample of material. 30. The method of claim
1, comprising binding the template strands to a
substrate by contacting the template strands with
primers that comprise complexing groups capable of
binding molecules bound to the substrate. 31. The
method of claim 34,wherein the complexing groups are
activatable. 32. The method of claim 34,wherein the
complexing groups and molecules bound to the substrate
surface are biotin and strepatavidin. 33. The method
of claim 34,wherein the primers comprise
photoactivatable caged biotin. 34. A method of
detecting a pathogen comprising the method of claim 1
and further comprising probing the resulting DNA for
the presence of a nucleotide sequence specifically
associated with the pathogen. 35. The method of claim
34,wherein the pathogen is selected from the group
consisting of Adeno-associated Virus, Adenovirus,
Cytomegalovirus, Epstein- Barr Virus, Enterovirus,
Hepatitis A Virus, Hepatitis B Virus, Hepatitis C
Virus,Human Herpes Virus Type 6, Human
Immunodeficiency Virus Type 1, Human Immunodeficiency
Virus Type 2, Human T-CeIl Lymphotropic Virus Type I,
Human T-CeIl Lymphotropic Virus Type II, Mycobacterium
Tuberculosis, Mycoplasma, Parvovirus B- 19, and
Porcine Endogenous Retrovirus. 36. The method of claim
30 comprising obtaining a sample containing less than
about 1000 organisms or polynucleotides per milliliter
from which the template strands for the first cycle of
amplification are prepared. 37. A method for
amplifying a DNA sequence wherein the method
comprises: (a) denaturing one or more double-stranded
DNA molecules by a method comprising applying stress
to the double-stranded DNA sufficient to cause
separation into two single-stranded DNA molecules,
wherein one or both singlestranded DNA molecules
become template DNA strand in the steps that follow;
(b) contacting the template strands with one or more
oligonucleotide primers complementary to a portion of
each template strand, a DNA polymerase and at least
four different nucleoside triphosphates; (c) reducing
the application of stress in step a) to permit the
primers to anneal to their corresponding complementary
portions of each template strand; (d) controlling the
application of stress to the template strands so as to
permit extension of the primers by the DNA polymerase;
and, (e) repeating steps (a), (b), (c), and (d) at
least once. 38. The method of claim 37, wherein
applying, reducing, and controlling stress comprises
binding the DNA to a substrate or one or more
particles or both and controlling movement of said
substrate or one or more particles. 39. The method of
claim 37, wherein applying, reducing, and controlling
stress comprises binding the DNA to one or more
particles and controlling movement of said particles
by optical or magnetic manipulation.40. The method of
claim 37, wherein applying, reducing, and controlling
stress comprises modulating fluid flow over the DNA.
41. The method of claim 41, wherein said DNA is bound
by a polymerase that is bound to a substrate. 42. The
method of claim 4 1, wherein said DNA is bound to a
substrate. 43. The method of claim 41, wherein said
DNA is stretched in a fluid flow velocity gradient.
44. The method of claim 40, wherein said DNA is
stretched by a counter propagating fluid flow. 45. The
method of claim 37, wherein controlling the
application of stress to the template strands so as to
permit extension of the primers by the DNA polymerase
comprises increasing the stress at a time
corresponding to a period during which a difficult
sequence on the DNA is replicated. 46. A method
comprising: a) providing a sample of double-stranded
DNA (dsDNA) containing a target sequence,
oligonucleotide primers complimentary to the 3' ends
of the target sequence and its complement; at least
four different nucleoside triphosphates and a DNA
polymerase; b) denaturing the dsDNA into
single-stranded DNA (ssDNA) template strands by
causing tension in the dsDNA sufficient to cause it to
melt; c) reducing the tension in the template strands
sufficient to permit 



hybridization of primers to complementary template
strands;d) modulating the tension in the template
strands to a level allowing the DNA polymerase to
extend the primers to form dsDNA; and, e) repeating
steps (b-d) one or more times. 47. The method of claim
46, wherein the entire process is carried out at a
temperature about equivalent to the ambient
temperature. 48. The method of claim 46, wherein the
process is carried out at a temperature above about 20
C and below about 60 C. 49. The method of claim 46,
wherein the process is carried out at room temperature
and the tension in step b) is about 65 pN, in step c)
the tension is reduced to between about 30 pN to 60
pN, and in step d) the tension is modulated between
about 0 pN to 30 pN. 50. The method of claim 46,
wherein tension is caused and controlled by
electrically, magnetically, or optically manipulating
one or more particles attached to the DNA, by moving a
surface to which the DNA is attached, by controlling a
fluid flow to which the DNA is exposed, or a
combination of these methods. 51. A device for
replicating a nucleic acid sequence comprising, one or
more fluid channels connected to an enclosed reaction
chamber, the reaction chamber comprising a means of
retaining DNA molecules therein, the device further
comprising a mechanism for applying a variable and
controlled amount of stress to the DNA molecules
retained therein. 52. The device of claim 51, further
comprising one or more storage chambers for
introduction of nucleic acid primers, nucleotide
triphosphates, and polymerase.53. The device of claim
51, wherein the mechanism for applying stress to the
DNA molecules retained in the reaction chamber
comprises first and second surfaces comprising means
of anchoring DNA molecules thereon, and further
comprising a mechanism capable of moving one or both
of said surfaces relative to each other. 54. The
device of claim 51, wherein the mechanism for applying
stress to the DNA molecules retained in the reaction
chamber comprises at least one surface comprising
means of anchoring DNA molecules thereon, the device
further comprising a mechanism for providing a
controlled and variable fluid flow over said DNA. 55.
The device of claim 54, wherein at least one surface
comprising means of anchoring DNA molecules thereon
further comprises fluid passages through said surface.
56. The device of claim 54 wherein mechanism for
providing a controlled and variable fluid flow over
said DNA is arranged to create a velocity gradient in
laminar fluid flow. 57. The device of claim 55,
wherein the mechanism for applying stress to the DNA
molecules retained in the reaction chamber comprises
fluid flow channels arranged to provide a velocity
gradient in laminar fluid flow, a stagnation point
within a fluid flow, counter propagating fluid flows,
or a combination of these. 58. The device of claim 55,
wherein the mechanism for applying stress to the DNA
molecules retained the reaction chamber comprises an
array of optical, electrical, or magnetic manipulators
capable of manipulating particles bound to DNA
molecules.59. A microfluidic device for amplifying
DNA, comprising: a) a substrate; b) a flow channel
disposed within the substrate; c) an inlet in fluid
communication with the flow channel through which a
DNA sample can be introduced into the flow channel,
and a means for applying stress to the DNA, wherein
the device does not contain a temperature controller
operatively disposed to regulate temperature within at
least one region of the flow channel to promote
denaturation of the DNA. 60. The microfluidic device
according to claim 59, wherein the substrate comprises
an elastomeric material. 6 1. The microfluidic device
according to claim 59, wherein the flow channel is
configured such that a sample introduced into the flow
channel can be cycled around the flow channel. 62. The
microfluidic device according to claim 59, wherein the
microfluidic device further comprises a pump
operatively disposed to transport fluid through the
channel. 63. The microfluidic device according to
claim 59, comprising a means of immobilizing nucleic
acids within the flow channel. 64. The microfluidic
device according to claim 59, comprising at least one
polymerase molecule immobilized within the flow
channel. 65. The microfluidic device according to
claim 61, wherein the flow channel is substantially
circular.66. The microfluidic device according to
claim 65, wherein wherein the microfluidic device
further comprises a pump operatively disposed to
transport fluid through the channel. 


