
AZAINDOLES USEFUL AS INHIBITORS OF ROCK AKD OTHER
PROTEIN KINASES TECHNICAL FIELD OF INVENTION [0001]
The present invention relates to compounds useful as
inhibitors of protein kinases. The invention also
provides pharmaceutically acceptable compositions
comprising the compounds of the invention and methods
of using the compositions in the treatment of various
disorders. BACKGROUND OF THE INVENTION [0002] The
search for new therapeutic agents has been greatly
aided in recent years by a better understanding of the
structure of enzymes and other biomolecules associated
with diseases. One important class of enzymes that has
been the subject of extensive study is protein
kinases. [0003] Protein kinases constitute a large
family of structurally related enzymes that are
responsible for the control of a variety of signal
transduction processes within the cell. (See, Hardie,
G. and Hanks, S. The Protein Kinase Facts Book, I and
II, Academic Press, San Diego, CA: 1995). Protein
kinases are thought to have evolved from a common
ancestral gene due to the conservation of their
structure and catalytic function. Almost all kinases
contain a similar 250-300 amino acid catalytic domain.
The kinases may be categorized into families by the
substrates they phosphorylate (e.g., protein-tyrosine,
protein-serine/threonine, lipids, etc.). Sequence
motifs have been identified that generally correspond
to each of these kinase families (See, for example,
Hanks, S.K., Hunter, T., FASEB J. 1995, 9, 576-596;
Knighton et al,Science 1991, 253, 407-414; Hiles et
al, Cell 1992, 70, 419-429; Kunz et al, Cell 1993, 73,
585-596; Garcia-Bustos et al, EMBO J. 1994, 13,
2352-2361). [0004] Many diseases are associated with
abnormal cellular responses triggered by protein
kinase-mediated events. These diseases include
autoimmune diseases, inflammatory diseases, bone
diseases, metabolic diseases, neurological and
neurodegenerative diseases, cancer, cardiovascular
diseases, allergies and asthma, Alzheimer's disease
and hormone-related diseases. Accordingly, there has
been a substantial effort in medicinal chemistry to
find protein kinase inhibitors that are effective as
therapeutic agents. [0005] One kinase family of
interest is Rho-associated coiled-coil forming protein
serine/threonine kinase (ROCK), which is believed to
be an effector of Ras-related small GTPase Rho. The
ROCK family includes pl60ROCK (ROCK-I) (Ishizaki et
al, EMBO J. 1996, 75, 1885-1893) and
ROKa/Rho-kinase/ROCK-II (Leung et al, J. Biol. Chem.
1995, 270, 29051-29054; Matsui et al, EMBO J. 1996,
15, 2208-2216; Nakagawa et al, FEBS Lett. 1996, 392,
189-193), protein kinase PKN (Amano et al, Science
1996, 271, 648-650; Watanabe et al, Science 1996, 271,
645-648), and citron and citron kinase (Madaule et al.
Nature, 1998, 394, 491-494; Madaule et al, FEBS Lett.
1995, 377, 243-248). The ROCK family of kinases have
been shown to be involved in a variety of functions
including Rho-induced formation of actin stress fibers
and focal adhesions (Leung et al, MoI Cell Biol. 1996,
16, 5313-5327; Amano et al, Science, 1997, 275,
1308-1311; Ishizaki et al, FEBS Lett. 1997, 404,
118-124) 



and in downregulation of myosin phosphatase (Kimura et
al, Science, 1996, 273, 245-248), platelet activation
(Klages etal, J. Cell Biol, 1999, 144, 745-754),
aortic smooth muscle contraction by various stimuli
(Fu et al, FEBS Lett., 1998, 440, 183- 187),
thrombin-induced responses of aortic smooth muscle
cells (Seasholtz et al, dr. Res., 1999, 84,
1186-1193), hypertrophy of cardiomyocytes (Kuwahara et
al, FEBS Lett., 1999, 452, 314-318), bronchial smooth
muscle contraction (Yoshii et al, Am. J. Respir. Cell
MoI Biol, 1999, 20, 1190-1200), smooth muscle
contraction and cytoskeletal reorganization of
non-muscle cells (Fukata et al, Trends in Pharm. Sci
2001, 22, 32-39), activation of volume-regulated anion
channels (Nilius et al, J. Physiol, 1999, 516, 61-14),
neurite retraction (Hirose et al, J. Cell. Biol, 1998,
141, 1625-1636), neutrophil chemotaxis (Niggli, FEBS
Lett., 1999, 445, 69-72), woundhealing (Nobes and
Hall, / . Cell. Biol, 1999, 144, 1235-1244), tumor
invasion (Itoh et al, Nat. Med., 1999, 5, 221-225) and
cell transformation (Sahai et al., Curr. Biol, 1999,
9, 136-145). More specifically, ROCK has been
implicated in various diseases and disorders including
hypertension (Satoh et al, J. Clin. Invest. 1994, 94,
1397- 1403; Mukai et al, FASEB J. 2001, 15, 1062-1064;
Uehata et al, Nature 1997, 389, 990-994; Masumoto
etal, Hypertension, 2001, 38, 1307-1310), cerebral
vasospasm (Sato et al, Circ. Res. 2000, 87, 195-200;
Miyagi et al, J. Neurosurg. 2000, 93, 471- 476;
Tachibana et al, Acta Neurochir (Wien) 1999, 141,
13-19), coronary vasospasm (Shimokawa et al, Jpn. dr.
J. 2000, 64, 1-12; Kandabashi et al, Circulation 2000,
101, 1319-1323; Katsumata et al, Circulation 1997, 96,
4357-4363; Shimokawa et al, Cardiovasc. Res. 2001, 51,
169-177; Utsunomiya et al, J. Pharmacol. 2001, 134,
1724-1730; Masumoto et al, Circulation 2002, 105,
1545-1547), bronchial asthma (Chiba et Z., Comp.
Biochem. Physiol C Pharmacol Toxicol Endocrinol. 1995,
11, 351-357; Chiba et al, Br. J. Pharmacol. 1999, 127,
597-600; Chiba et al, Br. J. Pharmacol. 2001, 133,
886-890; Ezuka etal, Eur. J. Pharmacol. 2000, 406,
273- 279), preterm labor (Niro et al, Biochem.
Biophys. Res. Commun. 1997, 230, 356- 359; Tahara et
al, Endocrinology 2002, 143, 920-929; Kupittayanant et
al, Pflugers Arch. 2001, 443, 112-114), erectile
dysfunction (Chitaley et al, Nat. Med. 2001, 7,
119-122; Mills et al, J. Appl. Physiol. 2001, 91,
1269-1273), glaucoma (Honjo et al, Arch. Ophthalmol.
2001, 1171-1178; Rao et al, Invest. Ophthalmol. Vis.
Sci. 2001, 42, 1029-1037), vascular smooth muscle cell
proliferation (Shimokawa et al, Cardiovasc. Res. 2001,
51, 169-177; Morishige et al, Arterioscler. Thromb.
Vase. Biol. 2001, 21, 548-554; Eto et al, Am. J.
Physiol. Heart Circ. Physiol. 2000, 278, H1744-H1750;
Sawada et al, Circulation 2000, 101, 2030-2023;
Shibata et al, Circulation 2001, 103, 284-289),
myocardial hypertrophy (Hoshijima et al, J. Biol Chem.
1998, 273, 7725-77230; Sah et al, J. Biol. Chem. 1996,
271, 31185-31190; Kuwahara et al, FEBS Lett. 1999,
452, 314-318; Yanazume et al, J. Biol Chem. 2002, 277,
8618-8625), malignoma (Itoh et al, Nat. Med. 1999, 5,
221-225; Genda et al, Hepatology 1999, 30, 1027-1036;
Somlyo et al, Biochem. Biophys. Res. Commun. 2000,
269, 652-659), ischemia/reperfusion-induced injury
(Dceda et al, J. of Surgical Res. 2003, 109, 155-160;
Miznuma et al Transplantation 2003, 75, 579- 586),
endothelial dysfunction (Hernandez-Perera et al, Circ.
Res. 2000, 87, 616-622;Laufs et al, J. Biol. Chem.
1998, 273, 24266-24271; Eto et al, Circ. Res. 2001,
89, 



583-590), Crohn's Disease and colitis (Segain et al
Gastroenterology 2003, 124(5), 1180-1187), neurite
outgrowth (Fournier et al. J. Neurosci. 2003, 23,
1416-1423), Raynaud's Disease (Shimokawa et al. J.
Cardiovasc. Pharmacol. 2002, 39, 319-327), angina
(Utsunomiya et al. Br. J. Pharmacol. 2001, 134,
1724-1730; Masumoto et al, Circulation 2002, 105,
1545-1547; Shimokawa et al, J. Cardiovasc. Pharmacol,
2002, 40, 751-761; Satoh et al, Jpn. J. Pharmacol,
2001, 87, 34-40), Alzheimer's disease (Zhou et al,
Science 2003, 302, 1215-1218), benign prostatic
hyperplasia (Rees et al, J. Urology, 2003, 170,
2517-2522) and atherosclerosis (Retzer et al FEBS
Lett. 2000, 466, 70-74; Ishibashi et al Biochim.
Biophys. Acta 2002, 1590, 123- 130). Accordingly, the
development of inhibitors of ROCK kinase would be
useful as therapeutic agents for the treatment of
disorders implicated in the ROCK kinase pathway.
[0006] ERK2 (extracellular signal regulated kinase) is
a member of the mammalian mitogen-activated protein
(MAP)I kinase family. (MAP)I kinases are
serine/threonine kinases that mediate intracellular
signal transduction pathways (Cobb and Goldsmith, J
Biol. Chem., 1995, 270, 14843; Davis, MoI Reprod. Dev.
1995, 42, 459) and are activated by mitogens and
growth factors (Bokemeyer et al. Kidney Int. 1996, 49,
1187). Members of the MAP kinase family share sequence
similarity and conserved structural domains, and, in
addition to ERK2, include the JNK (Jun Nterminal
kinase), and p38 kinases. JNKs and p38 kinases are
activated in response to the pro-inflammatory
cytokines TNF-alpha and interleukin-1, and by cellular
stress such as heat shock, hyperosmolarity,
ultraviolet radiation, lipopolysaccharides and
inhibitors of protein synthesis (Derijard et al, Cell
1994, 76, 1025; Han et al, Science 1994, 265, 808;
Raingeaud et al, J Biol. Chem. 1995, 270, 7420;
Shapiro and Dinarello, Proc. Natl Acad. ScL USA 1995,
92, 12230). In contrast, ERKs are activated by
mitogens and growth factors (Bokemeyer et al, Kidney
Int. 1996, 49, 1187). [0007] ERK2 is a widely
distributed protein kinase that achieves maximum
activity when both Thrl83 and Tyrl85 are
phosphorylated by the upstream MAP kinase kinase, MEKl
(Anderson et al., Nature 1990, 343, 651; Crews et al,
Science 1992, 258, 478). Upon activation, ERK2
phosphorylates many regulatory proteins,including the
protein kinases Rsk90 (Bjorbaek et al, J. Biol. Chem.
1995, 270, 18848) and MAPKAP2 (Rouse et al, Cell 1994,
78, 1027), and transcription factors such as ATF2
(Raingeaud et al, MoI Cell Biol 1996, 16, 1247), EIk-I
(Raingeaud et al, MoI. Cell Biol. 1996, 16, 1247),
c-Fos (Chen et al, Proc. Natl Acad. Sci. USA 1993, 90,
10952), and c-Myc (Oliver et al, Proc. Soc. Exp. Biol.
Med. 1995, 210, 162). ERK2 is also a downstream target
of the Ras/Raf dependent pathways (Moodie et al,
Science 1993, 260, 1658) and may help relay the
signals from these potentially oncogenic proteins.
ERK2 has been shown to play a role in the negative
growth control of breast cancer cells (Frey and
Mulder, Cancer Res. 1993, 57, 628) and hyperexpression
of ERK2 in human breast cancer has been reported
(Sivaraman et al, J Clin. Invest. 1997, 99, 1478).
Activated ERK2 has also been implicated in the
proliferation of endothelin-stimulated airway smooth
muscle cells, suggesting a role 



for this kinase in asthma (Whelchel et al, Am. J.
Respir. Cell MoI. Biol. 1997, 16, 589). [0008]
Glycogen synthase kinase-3 (GSK-3) is a
serine/threonine protein kinase comprised of a and b
isoforms that are each encoded by distinct genes
[Coghlan et al, Chemistry &Biology 2000, 7, 793-803;
and Kim and Kimmel, Curr. Opinion Genetics Dev., 2000
10, 508-514]. GSK-3 has been implicated in various
diseases including diabetes, Alzheimer's disease, CNS
disorders such as manic depressive disorder and
neurodegenerative diseases, and cardiomyocyte
hypertrophy [PCT Application Nos.: WO 99/65897 andWO
00/38675; and Haq et al, J. Cell Biol. 2000, 151,
117-130]. These diseases are associated with the
abnormal operation of certain cell signaling pathways
in which GSK-3 plays a role. GSK-3 has been found to
phosphorylate and modulate the activity of a number of
regulatory proteins. These proteins include glycogen
synthase, which is the rate limiting enzyme necessary
for glycogen synthesis, the microtubule associated
protein Tau, the gene transcription factor b-catenin,
the translation initiation factor elF2B, as well as
ATP citrate lyase, axin, heat shock factor-1, c-Jun,
c-myc, c-myb, CREB, and CEPBa. These diverse protein
targets implicate GSK-3 in many aspects of cellular
metabolism, proliferation, differentiation, and
development. [0009] In a GSK-3 mediated pathway that
is relevant for the treatment of type II diabetes,
insulin-induced signaling leads to cellular glucose
uptake and glycogensynthesis. Along this pathway,
GSK-3 is a negative regulator of the insulin-induced
signal. Normally, the presence of insulin causes
inhibition of GSK-3 mediated phosphorylation and
deactivation of glycogen synthase. The inhibition of
GSK-3 leads to increased glycogen synthesis and
glucose uptake [Klein et al, PNAS 1996, 93, 8455-8459;
Cross et al, Biochem. J. 1994, 303, 21-26); Cohen,
Biochem. Soc. Trans. 1993, 21, 555-567; and Massillon
et al, Biochem J. 1994, 299, 123-128]. However, in a
diabetic patient, where the insulin response is
impaired, glycogen synthesis and glucose uptake fail
to increase despite the presence of relatively high
blood levels of insulin. This leads to abnormally high
blood levels of glucose with acute and long- term
effects that may ultimately result in cardiovascular
disease, renal failure and blindness. In such
patients, the normal insulin-induced inhibition of
GSK- 3 fails to occur. It has also been reported that
in patients with type II diabetes, GSK-3 is
overexpressed [see, PCT Application: WO 00/38675].
Therapeutic inhibitors of GSK-3 are therefore
potentially useful for treating diabetic patients
suffering from an impaired response to insulin. [0010]
GSK-3 activity is also associated with Alzheimer's
disease. This disease is characterized by the
well-known b-amyloid peptide and the formation of
intracellular neurofibrillary tangles. Ab peptides are
derived from the amyloid precursor protein (APP) by
sequential proteolysis, catalysed by the aspartyl
protease BACE2, followed by presenilin-dependent
g-secretase cleavage. It has been demonstrated that
antibodies against b-amyloid plaques can slow
cognitive decline in patients with Alzheimer's disease
(Hock et al, Neuron, 2003, 38, 547-554), and thus
other b-amyloid-lowering strategies (e.g., the
development of agents capable of 



inhibiting b-amyloid peptide) would be useful in the
treatment of Alzherimer's disease and other psychotic
and neurodegenerative disorders. Additionally, the
neurofibrillary tangles contain hyperphosphorylated
Tau protein, in which Tau is phosphorylated on
abnormal sites, and thus agents capble of inhibiting
the hyperphosphorylation of Tau protein would be
useful in the treatment of Alzherimer's disease and
other psychotic and neurodegenerative disorders.
[0011] GSK-3 is known to phosphorylate these abnormal
sites in cell and animal models. Furthermore,
inhibition of GSK-3 has been shown to
preventhyperphosphorylation of Tau in cells [Lovestone
et al, Current Biology 1994, 4, 1077-86; and Brownlees
et al, Neuroreport 1997, S, 3251-55]. Therefore, GSK-3
activity promotes generation of the neurofibrillary
tangles and the progression of Alzheimer's disease. It
has also been shown that GSK-3 facilitates APP
processing and that a GSK-3 inhibitor (lithium)
inhibits of the generation of Ab peptides through the
inhibition of GSK-3 (Phiel et al. Nature 2003, 423,
435-439). Thus, the development of inhibitors of GSK-3
would be useful for the reduction of the formation of
amyloid plaques and neurofibrillry tangles, the
pathological hallmarks of Alzheimer's Disease, and
would also be useful for the treament of other
psychotic and neurodegenerative disorders. [0012]
Another substrate of GSK-3 is b-catenin, which is
degradated after phosphorylation by GSK-3. Reduced
levels of b-catenin have been reported in
schizophrenic patients and have also been associated
with other diseases related to increase in neuronal
cell death [Zhong et al., Nature 1998, 395, 698-702;
Takashima et al, PNAS 1993, 90, 7789-93; and Pei et
al, J. Neuropathol. Exp 1997, 56, 70-78]. [0013] GSK-3
activity is also associated with stroke [Wang et al,
Brain Res 2000, 859, 381-5; Sasaki et al, Neurol Res
2001, 23, 588-92; Hashimoto et al, J. Biol. Chem 2002,
277, 32985-32991]. [0014] The AGC sub-family of
kinases phosphorylate their substrates at serine and
threonine residues and participate in a variety of
well-known signaling processes, including, but not
limited to cyclic AMP signaling, the response to
insulin, apoptosis protection, diacylglycerol
signaling, and control of protein translation
(Peterson et al, Curr. Biol. 1999, 9, R521). This
sub-family includes PKA, PKB (c-Akt), PKC, PRKl, PRK2,
p70S6K, and PDK. [0015] AKT (also known as PKB or
Rac-PK beta), a serine/threonine protein kinase, has
been shown to be overexpressed in several types of
cancer and is a mediator of normal cell functions
[(Khwaja, A., Nature 1999, 401, 33-34); (Yuan, Z.Q.,
et al, Oncogene 2000, 19, 2324-2330); (Namikawa, K.,
et al, JNeurosci. 2000, 20, 2875-2886,)]. AKT
comprises an N-terminal pleckstrin homology (PH)
domain, a kinase domain and a C-terminal "tail"
region. Three isoforms of human AKT kinase (AKT-I, -2
and -3) have been reported so far [(Cheng, J.Q., Proc.
Natl. Acad. Sci. USA 1992, 89, 9267-9271); (Brodbeck,
D. et al, J. Biol Chem. 1999, 274,9133-9136)]. The PH
domain binds 3-phosphoinositides, which are
synthesized by phosphatidyl inositol 3-kinase (PI3K)
upon stimulation by growth factors such as platelet
derived growth factor (PDGF), nerve growth factor
(NGF) and insulin-like growth factor (IGF-I) [(Kulik
et al, MoI. Cell. Biol, 1997, 17, 1595-1606,); 



(Hemmings, B.A., Science, 1997, 275, 628-630)]. Lipid
binding to the PH domain promotes translocation of AKT
to the plasma membrane and facilitates phosphorylation
by another PH-domain-containing protein kinases, PDKl
at Thr308, Thr309, and Thr305 for the AKT isoforms 1,
2 and 3, respectively. A second, as of yet unknown,
kinase is required for the phosphorylation of Ser473,
Ser474 or Ser472 in the C-terminal tails of AKT-I, -2
and -3 respectively, in order to yield a fully
activated AKT enzyme. [0016] Once localized to the
membrane, AKT mediates several functions within the
cell including the metabolic effects of insulin
(Calera, M.R. et al, J. Biol. Chem. 1998, 273,
7201-7204) induction of differentiation and/or
proliferation, protein synthesis and stress responses
(Alessi, D.R. et al., Curr. Opin. Genet. Dev. 1998, 8,
55-62,). [0017] Manifestations of altered AKT
regulation appear in both injury and disease, the most
important role being in cancer. The first account of
AKT was in association with human ovarian carcinomas
where expression of AKT was found to be amplified in
15% of cases (Cheng, J.Q. et al., Proc. Natl. Acad.
Sci. U.S.A. 1992, 89, 9267-9271). It has also been
found to be overexpressed in 12% of pancreatic cancers
(Cheng, J. Q. et al., Proc. Natl. Acad. Sci. U.S.A.
1996, 93, 3636-3641). It was demonstrated that AKT-2
was over-expressed in 12% of ovarian carcinomas and
that amplification of AKT was especially frequent in
50% of undifferentiated tumours, suggesting that AKT
may also be associated with tumour aggressiveness
(Bellacosa, et al, Int. J. Cancer 1995, 64, 280-285).
[0018] PKA (also known as cAMP-dependent protein
kinase) has been shown to regulate many vital
functions including energy metabolism, gene
transcription, proliferation, differentiation,
reproductive function, secretion, neuronal activity,
memory, contractility and motility (Beebe, S.J.,
Semin. Cancer Biol. 1994, 5, 285- 294). PKA is a
tetrameric holoenzyme, which contains two catalytic
subunits bound to a homo-dimeric regulatory subunit
(which acts to inhibit the catalytic sub-units).On
binding of cAMP (enzyme activation), the catalytic
subunits dissociate from the regulatory subunits to
yield the active serine/threonine kinase (McKnight,
G.S. et al, Recent Prog. Horm. Res. 1988, 44, pp.
307). Three isoforms of the catalytic subunit (C-a,
C-b and C-g) have been reported to date (Beebe, SJ. et
ah, J. Biol. Chem. 1992, 267, 25505-25512) with the
C-a subunit being the most extensively studied,
primarily because of its elevated expression in
primary and metastatic melanomas (Becker, D. et ah,
Oncogene 1990, 5, 1133). To date, strategies to
modulate the activity of the C-a subunit involve the
use of antibodies, molecules that block PKlA activity
by targeting regulatory dimers and antisense
oligonucleotides expression. [0019] The ribosomal
protein kinases p70S6K- l and -2 are also members of
the AGC sub-family of protein kinases and catalyze the
phosphorylation and subsequent activation of the
ribosomal protein S6, which has been implicated in the
translational up-regulation of mRNAs coding for the
components of the protein synthetic apparatus. These
mRNAs contain an oligopyrimidine tract at their 5'
transcriptional start site, termed a 5'TOP, which has
been shown to be essential for their regulation at 



the translational level (Volarevic, S. et ah, Prog.
Nucleic Acid Res. MoI Biol. 2001, 65, 101-186). p70s6K
dependent S6 phosphorylation is stimulated in response
to a variety of hormones and growth factors primarily
via the PI3K pathway (Coffer, PJ. et al, Biochem.
Biophys. Res. Commun, 1994 198, 780-786), which may be
under the regulation of mTOR, since rapamycin acts to
inhibit p70S6K activity and blocks protein synthesis,
specifically as a result of a down-regulation of
translation of these mRNA's encoding ribosomal
proteins (Kuo, CJ. et ah, Nature 1992, 358, 70-73).
[0020] In vitro PDKl catalyses the phosphorylation of
Thr252 in the activation loop of the p70 catalytic
domain, which is indispensable for p70 activity
(Alessi, D.R., Curr. Biol., 1998, 8, 69-81). The use
of rapamycin and gene deletion studies of dp70S6K from
Drosophila and p70s6Kl from mouse have established the
central role p70 plays in both cell growth and
proliferation signaling. [0021] The
3-phosphoinositide-dependent protein kinase-1 (PDKl)
plays a key role in regulating the activity of a
number of kinases belonging to the AGC subfamily of
protein kinases (Alessi, D. et ah, Biochem. Soc. Trans
2001, 29, 1). These include isoforms of protein kinase
B (PKB, also known as AKT), p70 ribosomal S6 kinase
(S6K) (Avruch, J. et ah, Prog. MoI. Subcell Biol.
2001, 26, 115), and p90 ribosomalS6 kinase (Frodin, M.
et al, EMBO J. 2000, 19, 2924-2934). PDKl mediated
signaling is activated in response to insulin and
growth factors and as a consequence of attachment of
the cell to the extracellular matrix (integrin
signaling). Once activated these enzymes mediate many
diverse cellular events by phosphorylating key
regulatory proteins that play important roles
controlling processes such as cell survival, growth,
proliferation and glucose regulation [(Lawlor,M.A. et
al, J. Cell ScL 2001, 114, 2903-2910), (Lawlor, M.A.
et al, EMBO J. 2002, 21, 3728-3738)]. PDKl is a 556
amino acid protein, with an N-terminal catalytic
domain and a Cterminal pleckstrin homology (PH)
domain, which activates its substrates by
phosphorylating these kinases at their activation loop
(Belham, C. et al., Curr. Biol. 1999, 9, R93-R96).
Many human cancers including prostate and NSCL have
elevated PDKl signaling pathway function resulting
from a number of distinct genetic events such as PTEN
mutations or over-expression of certain key regulatory
proteins [(Graff, J.R., Expert Opin. Tlier. Targets
2002, 6, 103-113), (Brognard, J., et al, Cancer Res.
2001, 61, 3986-3997)]. Inhibition of PDKl as a
potential mechanism to treat cancer was demonstrated
by transfection of a PTEN negative human cancer cell
line (U87MG) with antisense oligonucleotides directed
against PDKl. The resulting decrease in PDKl protein
levels led to a reduction in cellular proliferation
and survival (Flynn, P., et al, Curr. Biol 2000, 10,
1439-1442). Consequently the design of ATP binding
site inhibitors of PDKl offers, amongst other
treatments, an attractive target for cancer
chemotherapy. [0022] The diverse range of cancer cell
genotypes has been attributed to the manifestation of
the following six essential alterations in cell
physiology: selfsufficiency in growth signaling,
evasion of apoptosis, insensitivity to
growthinhibitory signaling, limitless replicative
potential, sustained angiogenesis, and tissue invasion
leading to metastasis (Hanahan, D. et al, Cell 2000,
100, 57-70). PDKl is a 



critical mediator of the PI3K signalling pathway,
which regulates a multitude of cellular function
including growth, proliferation and survival.
Consequently, inhibition of this pathway could affect
four or more of the six defining requirements for
cancer progression. As such it is anticipated that a
PDKl inhibitor will have an effect on the growth of a
very wide range of human cancers.[0023] Specifically,
increased levels of PI3K pathway activity has been
directly associated with the development of a number
of human cancers, progression to an aggressive
refractory state (acquired resistance to
chemotherapies) and poor prognosis. This increased
activity has been attributed to a series of key events
including decreased activity of negative pathway
regulators such as the phosphatase PTEN, activating
mutations of positive pathway regulators such as Ras,
and overexpression of components of the pathway itself
such as PKB, examples include: brain (gliomas),
breast, colon, head and neck, kidney, lung, liver,
melanoma, ovarian, pancreatic, prostate, sarcoma,
thyroid [(Teng, D.H. et al, Cancer Res., 1997 57,
5221-5225), (Brognard, J. et al, Cancer Res., 2001,
61, 3986-3997), (Cheng, J.Q. et al, Proc. Natl Acad.
ScL 1996, 93, 3636-3641), {Int. J. Cancer 1995, 64,
280), (Graff, J.R., Expert Opin. Ther. Targets 2002,
6, 103-113), (Am. J. Pathol. 2001, 159, 431)].
Additionally, decreased pathway function through gene
knockout, gene knockdown, dominant negative studies,
and small molecule inhibitors of the pathway have been
demonstrated to reverse many of the cancer phenotypes
in vitro (some studies have also demonstrated a
similar effect in vivo) such as block proliferation,
reduce viability and sensitize cancer cells to known
chemotherapies in a series of cell lines, representing
the following cancers: pancreatic [(Cheng, J.Q. et al,
Proc. Natl. Acad. ScL 1996, 93, 3636-3641), (Neoplasia
2001, 3, 278)], lung [(Brognard, J . et al, Cancer
Res. 2001, 61, 3986-3997), (Neoplasia 2001, 3, 278)],
ovarian [(Hayakawa, J . et al, Cancer Res. 2000, 60,
5988-5994), (Neoplasia 2001, 3, 278)], breast (MoI
Cancer Ther. 2002, 1, 707), colon [(Neoplasia 2001, 3,
278), (Arico, S. et al, J. Biol Chetn. 2002, 277,
27613-27621)], cervical (Neoplasia 2001, 3, 278),
prostate [(Endocrinology 2001, 142, 4795), (Thakkar,
H. et al J. Biol. Chem. 2001, 276, 38361-38369),
(Chen, X. et al, Oncogene 2001, 20, 6073-6083)] and
brain (glioblastomas) [(Flynn, P. et al, Curr. Biol.
2000, 10, 1439-1442)]. [0024] The Tec family of
non-receptor tyrosine kinases plays a central role in
signaling through antigen-receptors such as the TCR,
BCR and Fcg receptors (reviewed in Miller A, et al.
Current Opinion in Immunology 14;331-340 (2002). Tec
family kinases are essential for T cell activation.
Three members of the Tec family, Itk, RIk and Tec, are
activated downstream of antigen receptor engagement in
T cells and transmit signals to downstream effectors,
including PLC-g . Deletion of Itk inmice results in
reduced T cell receptor (TCR)-induced proliferation
and secretion of the cytokines JL-2, JLA, JL-5, EL-IO
and EFN-g (Schaeffer et al, Science 284; 638-641
(1999)), Fowell et al, Immunity ll;399-409 (1999),
Schaeffer et al Nature Immunology 2,12; 1183-1188
(2001))). The immunological symptoms of allergic
asthma are attenuated in Itk-/- mice. Lung
inflammation, eosinophil infiltration and mucous
production are drastically reduced in Itk-/- mice in
response to challenge with the allergen OVA (Mueller
et al, Journal of Immunology 170: 5056-5063 (2003)).
Itk 



has also been implicated in atopic dermatitis. This
gene has been reported to be more highly expressed in
peripheral blood T cells from patients with moderate
and/or severe atopic dermatitis than in controls or
patients with mild atopic dermatitis (Matsumoto et al,
International archives of Allergy and Immunology 129;
327-340 (2002)). [0025] Splenocytes from RIk-/- mice
secrete half the IL-2 produced by wild type animals in
response to TCR engagement (Schaeffer et al, Science
284; 638-641 (1999)), while combined deletion of Itk
and RIk in mice leads to a profound inhibition of
TCR-induced responses including proliferation and
production of the cytokines DL- 2, DL-4, EL-5 and
IFN-g (Schaeffer et al Nature Immunology 2,12;
1183-1188 (2001)), Schaeffer et al, Science 284;
638-641 (1999)). Intracellular signaling following TCR
engagement is effected in Itk/Rlk deficient T cells;
inositol triphosphate production, calcium
mobilization, MAP kinase activation, and activation of
the transcription factors NFAT and AP-I are all
reduced (Schaeffer et al, Science 284; 638-641 (1999),
Schaeffer et al Nature Immunology 2,12; 1183-1188
(2001)). [0026] Tec family kinases are also essential
for B cell development and activation. Patients with
mutations in Btk have a profound block in B cell
development, resulting in the almost complete absence
of B lymphocytes and plasma cells, severely reduced Ig
levels and a profound inhibition of humoral response
to recall antigens (reviewed in Vihinen et al
Frontiers in Bioscience 5:d917-928). Mice deficient in
Btk also have a reduced number of peripheral B cells
and greatly decreased levels of IgM and IgG3. Btk
deletion in mice has a profound effect on B cell
proliferation induced by anti-IgM, and inhibits immune
responses to thymusindependent type II antigens
(Ellmeier et al, J Exp Med 192:1611-1623
(2000)).[0027] Tec kinases also play a role in mast
cell activation through the highaffinity IgE receptor
(FceRI). Itk and Btk are expressed in mast cells and
are activated by FceRI cross-linking (Kawakami et al,
Journal of Immunology; 3556- 3562 (1995)). Btk
deficient murine mast cells have reduced degranulation
and decreased production of proinflammatory cytokines
following FceRI cross-linking (Kawakami et al. Journal
of leukocyte biology 65:286-290). Btk deficiency also
results in a decrease of macrophage effector functions
(Mukhopadhyay et al, Journal of Immunology; 168,
2914-2921 (2002)). [0028] Accordingly, there is a
great need to develop inhibitors of ROCK, ERK, GSK,
and members of the AGC sub-family of protein kinases
(e.g., PKA, PDK, p70S6K-l and -2, and PKB) that would
be useful in treating various diseases or conditions
associated with ROCK, ERK or GSK activation, or
activation of the AGC sub-family of protein kinases
(e.g., PKA, PDK, p70S6K-l and -2, and PKB),
particularly given the inadequate treatments currently
available for the majority of these disorders. It
would also be desirable to develop compounds that are
useful as inhibitors of Tec family (e.g.,Tec, Btk,
Itk/Emt/Tsk, Bmx, Txk/Rlk) protein kinases,
particularly given the inadequate treatments currently
available for the majority of the disorders implicated
in their activation. SUMMARY OF THE INVENTION 



[0029] It has now been found that compounds of this
invention, and pharmaceutically acceptable
compositions thereof, are effective as inhibitors of
ROCK, ERK, GSK, and members of the AGC sub-family of
protein kinases (e.g., PKA, PDK, r70S6K-l and - 2, and
PKB). These compounds have the general formula I :or a
pharmaceutically acceptable derivative thereof,
wherein ring B R1, R2, R3, x, G, and Q1 are as defined
below. [0030] These compounds, and pharmaceutically
acceptable compositions thereof, are useful for
treating or lessening the severity of a variety of
disorders, including allergic disorders such as asthma
and atopic dermatitis, autoimmune diseases such as SLE
lupus and psoriasis, conditions associated with organ
transplantation, proliferative disorders such as
cancer, inflammatory diseases, destructive bone
disorders, hypertension, angina pectoris,
cerebrovascular contraction, asthma, peripheral
circulation disorder, premature birth,
arteriosclerosis, spasm, retinopathy, erectile
dysfunction (ED), Alzheimer's Disease,
reperfusion/ischemia induced injury (e.g., stroke),
and AE)S, to name a few. [0031] The compounds provided
by this invention are also useful for the study of
kinases in biological and pathological phenomena; the
study of intracellular signal transduction pathways
mediated by such kinases, and the comparative
evaluation of new kinase inhibitors. DETAILED
DESCRIPTION OF TBE INVENTION [0032] I. General
Description of Compounds of the Invention: [0033] The
present invention relates to a compound of formula I :
I or a pharmaceutically acceptable salt thereof,
wherein: whereiinn 2~ c i , c i~s , or S-X 1 x is O,
1, 2, or 3; R1 is halogen, -CN, -NO2, or -VmR';G is
-NR2 or C=O; R2 is -UnR'; X1 and X2 are each
independently CR4 or N; each occurrence of R4 is
independently halogen, -CN, -NO , or -VmR; each
occurrence of U or V is independently an optionally
substituted C1-6 alkylidene chain, wherein up to two
methylene units of the chain are optionally and
independently replaced by -NR-, -S-, -O-, -CS-, -CO2-,
-OCO-, -CO-, -COCO-, - CONR-, -NRCO-, -NRCO2-,
-SO2NR-, -NRSO2-, -CONRNR-, -NRCONR-, - OCONR-,
-NRNR-, -NRSO2NR-, -SO-, -SO2-, -PO-, -PO2-, or -POR-;
m and n are each independently Oor 1; each occurrence
of R is independently hydrogen or an optionally
substituted C1-6 aliphatic group; and each occurrence
of R is independently hydrogen or an optionally
substituted C1-6 aliphatic group, a 3-8-membered
saturated, partially unsaturated, or fully unsaturated
monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an 8-12
membered saturated, partially unsaturated, or fully
unsaturated bicyclic ring system having 0- 



5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; or R and R , two occurrences of R,
or two occurrences of R , are taken together with the
atom(s) to which they are bound to form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; Q1 is -CO-,
-SO2-, -NR2, -NR2CO-, -CONR2-, -SO 2NR2-, or is a
bond; R3 is Q2-Ar\ or when G is -NR2, R2 and Q -R3,
taken together with the nitrogen atom, form the cyclic
group: ' s , where s is 1 or 2, Z is CH or N; each
occurrence of Y is independently, as valency and
stability permit, -CO-, -CS-, - SO2-, -0-, -S-, -NR5-,
or -C(R5)2-, and R5 is UnR'; Q and Q are each
independently a bond or a C1-6 alkylidene chain,
wherein up to two methylene units of the chain are
each optionally and independently replaced by - NR'-,
-S-, -0-, -CS-, -CO2-, -OCO-, -CO-, -COCO-, -CONR'-,
-NR'CO-, - NR CO2-, -SO2NR'-, -NR SO2-, -CONR'NR'-,
-NR'CONR'-, -OCONR'-, -NR'NR'-, -NR SO2NR'-, -SO-,
-SO2-, -PO-, -PO2-, or -POR'-; and wherein any carbon
atom in the one or more methylene units is optionally
substituted with one or two occurrences of R6, wherein
each occurrence of R6 is independently halogen, -CN,
-NO , or -UnR', or two occurrences of R6, or R' and
R6, taken together with the atoms to which they are
bound, form an optionally substituted 3- 6-membered
cycloalkyl, heterocyclyl, aryl or heteroaryl ring; and
Ar1 and Ar2 are each independently a C1-6 aliphatic, a
3-8 membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having O- 5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; wherein Ar1
and Ar2 are each optionally substituted with 0-5
independent occurrences of TR7; wherein T is a bond or
is a C1-C6 alkylidene chain wherein up to two
methylene units of T are optionally and independently
replaced by -NR-, -S-, -O-, -CS-, -CO2-, -OCO-, -CO-,
-COCO-, -CONR-, -NRCO-, -NRCO2-, -SO2NR-, - NRSO2-,
-CONRNR-, -NRCONR-, -OCONR-, -NRNR-, -NRSO2NR-, -SO-,
- SO2-, -PO-, -PO2-, or -POR-; and each occurrence of
R7 is independently -R', halogen, -NO2, -CN or =O.
[0034] In other embodiments, the compound is as
described above, wherein Q1 is -CO-, -SO2-, -NR2,
-NR2CO-, -CONR2-, -SO 2NR2-; and Ar1 and Ar2 are each
independently a 5-8 membered saturated, partially
unsaturated, or fully unsaturated monocyclic ring
having 0-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or an 8-12 membered
saturated, partially unsaturated, or fully unsaturated
bicyclic ring system having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; wherein Ar1 and Ar2 are each optionally
substituted with 0-5 independent occurrences of TR7;
wherein T is a bond or is a C1-C6 alkylidene chain
wherein up to two methylene units of T are optionally
and independently replaced by -NR-, -S-, -0-, -CS-, -
CO2-, -OCO-, -CO-, -COCO-, -CONR-, -NRCO-, -NRCO2-,
-SO2NR-, -NRSO2-, 



-CONRNR-, -NRCONR-, -OCONR-, -NRNR-, -NRSO2NR-, -SO-,
-SO2-, -PO-, - PO2-, or -POR-; and each occurrence of
R7 is independently -R', halogen, -NO2 or -CN.[0035]
2. Compounds and Definitions: [0036] Compounds of this
invention include those described generally above, and
are further illustrated by the classes, subclasses,
and species disclosed herein. As used herein, the
following definitions shall apply unless otherwise
indicated. For purposes of this invention, the
chemical elements are identified in accordance with
the Periodic Table of the Elements, CAS version,
Handbook of Chemistry and Physics, 75th Ed.
Additionally, general principles of organic chemistry
are described in "Organic Chemistry", Thomas Sorrell,
University Science Books, Sausalito: 1999, and
"March's Advanced Organic Chemistry", 5th Ed., Ed.:
Smith, M.B. and March, J., John Wiley & Sons, New
York: 2001, the entire contents of which are hereby
incorporated by reference. [0037] As described herein,
compounds of the invention may optionally be
substituted with one or more substituents, such as are
illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the
invention. It will be appreciated that the phrase
"optionally substituted" is used interchangeably with
the phrase "substituted or unsubstituted." In general,
the term "substituted", whether preceded by the term
"optionally" or not, refers to the replacement of
hydrogen radicals in a given structure with the
radical of a specified substituent. Unless otherwise
indicated, an optionally substituted group may have a
substituent at each substitutable position of the
group, and when more than one position in any given
structure may be substituted with more than one
substituent selected from a specified group, the
substituent may be either the same or different at
every position. Combinations of substituents
envisioned by this invention are preferably those that
result in the formation of stable or chemically
feasible compounds. The term "stable", as used herein,
refers to compounds that are not substantially altered
when subjected to conditions to allow for their
production, detection, and preferably their recovery,
purification, and use for one or more of the purposes
disclosed herein. In some embodiments, a stable
compound or chemically feasible compound is one that
is not substantially altered when kept at a
temperature of 40C or less, in the absence of moisture
or other chemically reactive conditions, for at least
a week. [0038] The term "aliphatic" or "aliphatic
group", as used herein, means a straightchain (i.e.,
unbranched) or branched, substituted or unsubstituted
hydrocarbon chainthat is completely saturated or that
contains one or more units of unsaturation, or a
monocyclic hydrocarbon or bicyclic hydrocarbon that is
completely saturated or that contains one or more
units of unsaturation, but which is not aromatic (also
referred to herein as "carbocycle" "cycloaliphatic" or
"cycloalkyl"), that has a single point of attachment
to the rest of the molecule. Unless otherwise
specified, aliphatic groups contain 1-20 aliphatic
carbon atoms. In some embodiments, aliphatic groups
contain 1-10 aliphatic carbon atoms. In other
embodiments, aliphatic groups contain 1-8 aliphatic
carbon atoms. In still other embodiments, aliphatic
groups contain 1-6 aliphatic carbon atoms, and in yet
other embodiments aliphatic groups contain 1-4 



aliphatic carbon atoms. In some embodiments,
"cycloaliphatic" (or "carbocycle" or "cycloalkyl")
refers to a monocyclic C3-C hydrocarbon or bicyclic
C8-C12 hydrocarbon that is completely saturated or
that contains one or more units of unsaturation, but
which is not aromatic, that has a single point of
attachment to the rest of the molecule wherein any
individual ring in said bicyclic ring system has 3-7
members. Suitable aliphatic groups include, but are
not limited to, linear or branched, substituted or
unsubstituted alkyl, alkenyl, alkynyl groups and
hybrids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl. [0039] The
term "heteroaliphatic", as used herein, means
aliphatic groups wherein one or two carbon atoms are
independently replaced by one or more of oxygen,
sulfur, nitrogen, phosphorus, or silicon.
Heteroaliphatic groups may be substituted or
unsubstituted, branched or unbranched, cyclic or
acyclic, and include "heterocycle", "heterocyclyl",
"heterocycloaliphatic", or "heterocyclic" groups.
[0040] The term "heterocycle", "heterocyclyl",
"heterocycloaliphatic", or "heterocyclic" as used
herein means non-aromatic, monocyclic, bicyclic, or
tricyclic ring systems in which one or more ring
members are an independently selected heteroatom. In
some embodiments, the "heterocycle", "heterocyclyl",
"heterocycloaliphatic", or "heterocyclic" group has
three to fourteen ring members in which one or more
ring members is a heteroatom independently selected
from oxygen, sulfur, nitrogen, or phosphorus, and each
ring in the system contains 3 to 7 ring members.
[0041] The term "heteroatom" means one or more of
oxygen, sulfur, nitrogen, phosphorus, or silicon
(including, any oxidized form of nitrogen, sulfur,
phosphorus,or silicon; the quaternized form of any
basic nitrogen or; a substitutable nitrogen of a
heterocyclic ring, for example N (as in
3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or
NR+ (as in N-substituted pyrrolidinyl)). [0042] The
term "unsaturated", as used herein, means that a
moiety has one or more units of unsaturation. [0043]
The term "alkoxy", or "thioalkyl", as used herein,
refers to an alkyl group, as previously defined,
attached to the principal carbon chain through an
oxygen ("alkoxy") or sulfur ("thioalkyl") atom. [0044]
The terms "haloalkyl", "haloalkenyl" and "haloalkoxy"
means alkyl, alkenyl or alkoxy, as the case may be,
substituted with one or more halogen atoms. The term
"halogen" means F, Cl, Br, or I. [0045] The term
"aryl" used alone or as part of a larger moiety as in
"aralkyl", "aralkoxy", or "aryloxyalkyl", refers to
monocyclic, bicyclic, and tricyclic ring systems
having a total of five to fourteen ring members,
wherein at least one ring in the system is aromatic
and wherein each ring in the system contains 3 to 7
ring members. The term "aryl" may be used
interchangeably with the term "aryl ring". The term
"aryl" also refers to heteroaryl ring systems as
defined hereinbelow. [0046] The term "heteroaryl",
used alone or as part of a larger moiety as in
"heteroaralkyl" or "heteroarylalkoxy", refers to
monocyclic, bicyclic, and tricyclic ring systems
having a total of five to fourteen ring members,
wherein at least one ring 



in the system is aromatic, at least one ring in the
system contains one or more heteroatoms, and wherein
each ring in the system contains 3 to 7 ring members.
The term "heteroaryl" may be used interchangeably with
the term "heteroaryl ring" or the term
"heteroaromatic". [0047] An aryl (including aralkyl,
aralkoxy, aryloxyalkyl and the like) or heteroaryl
(including heteroaralkyl and heteroarylalkoxy and the
like) group may contain one or more substituents and
thus may be "optionally substituted". Unless otherwise
defined above and herein, suitable substituents on the
unsaturated carbon atom of an aryl or heteroaryl group
are generally selected from halogen; -R; -OR; - SR;
phenyl (Ph) optionally substituted with R0; -O(Ph)
optionally substituted with R0; -(CH2)1-2(Ph),
optionally substituted with R0; -CH=CH(Ph), optionally
substituted with R0; -NO2; -CN; -N(R)2; -NR0C(O)R0;
-NR0C(S)R0; -NRC(O)N(R)2; -NRC(S)N(R)2; -NR0CO2R0;
-NR0NR0C(O)R0; -NRNRC(O)N(R)2; - NR0NR0CO2R0;
-C(O)C(O)R0; -C(O)CH2C(O)R0; -CO2R0; -C(O)R0; -C(S)R0;
- C(O)N(R)2; -C(S)N(R)2; -OC(O)N(R)2; -OC(O)R0;
-C(O)N(OR0) R; -C(NOR) R; -S(O)2R0; -S(O)3R0;
-SO2N(R)2; -S(O)R0; -NRSO2N(R)2; -NR0SO2R0; -N(0R)R;
-C(=NH)-N(R)2; -P(O)2R0; -PO(R)2; -OPO(R)2;
-(CH2)0-2NHC(O)R; phenyl (Ph) optionally substituted
with R0; -O(Ph) optionally substituted with R0;
-(CH2)1-2(Ph), optionally substituted with R0; or
-CH=CH(Ph), optionally substituted with R0; wherein
each independent occurrence of R is selected from
hydrogen, optionally substituted C1 aliphatic, an
unsubstituted 5-6 membered heteroaryl or heterocyclic
ring, phenyl, -0(Ph), or -CH2(Ph), or, notwithstanding
the definition above, two independent occurrences of
R0, on the same substituent or different substituents,
taken together with the atom(s) to which each R0 group
is bound, to form an optionally substituted 3-12
membered saturated, partially unsaturated, or fully
unsaturated monocyclic or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. [0048] . Optional substituents on
the aliphatic group of R are selected from NH2,
NH(C1-4aliphatic), N(C1-4aliphatic)2, halogen,
C1-4aliphatic, OH, O(C1-4aliphatic), NO2, CN, CO2H,
CO2(C1-4aliphatic), O(haloC1-4 aliphatic), or
haloC1-4aliphatic, wherein each of the foregoing
C1-4aliphatic groups of R is unsubstituted. [0049] An
aliphatic or heteroaliphatic group, or a non-aromatic
heterocyclic ring may contain one or more substituents
and thus may be "optionally substituted". Unless
otherwise defined above and herein, suitable
substituents on the saturated carbon of an aliphatic
or heteroaliphatic group, or of a non-aromatic
heterocyclic ring are selected from those listed above
for the unsaturated carbon of an aryl or heteroaryl
group and additionally include the following: =0, =S,
=NNHR*, =NN(R*)2, =NNHC(O)R*, =NNHCO2(alkyl),
=NNHSO2(alkyl), or =NR*, where each R* is
independently selected from hydrogen or an optionally
substituted C1-6 aliphatic group. [0050] Unless
otherwise defined above and herein, optional
substituents on the nitrogen of a non-aromatic
heterocyclic ring are generally selected from - 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+1)2, -C(=NH)-N(R+)2, or
-NR+SO2R+; wherein R+ is hydrogen, an 



optionally substituted C1-6 aliphatic, optionally
substituted phenyl, optionally substituted -0(Ph),
optionally substituted -CH2(Ph), optionally
substituted -(CH2) . 2(Ph); optionally substituted
-CH=CH(Ph); or an unsubstituted 5-6 membered
heteroaryl or heterocyclic ring having one to four
heteroatoms independently selected from oxygen,
nitrogen, or sulfur, or, notwithstanding the
definition above, two independent occurrences of R+,
on the same substituent or different substituents,
taken together with the atom(s) to which each R+ group
is bound, form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [0051] Optional substituents on the aliphatic
group or the phenyl ring of R+ are selected from -NH2,
-NH(C1-4 aliphatic), -N(C1-4 aliphatic)2, halogen, C1
4 aliphatic, - OH, -0(C 1-4 aliphatic), -NO2, -CN,
-CO2H, -CO2(C1-4 aliphatic), -OQialo C1-4 aliphatic),
or halo(C 1-4 aliphatic), wherein each of the
foregoing C^aliphatic groups of R+ is unsubstituted.
[0052] The term "alkylidene chain" refers to a
straight or branched carbon chain that may be fully
saturated or have one or more units of unsaturation
and has two points of attachment to the rest of the
molecule. [0053] As detailed above, in some
embodiments, two independent occurrences of R0 (or R+,
R, R' or any other variable similarly defined herein),
are taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [0054] Exemplary rings that are formed when
two independent occurrences of R0 (or R+, R, R' or any
other variable similarly defined herein), are taken
together with the atom(s) to which each variable is
bound include, but are not limited to the following:
a) two independent occurrences of R0 (or R+, R, R' or
any other variable similarly defined herein) that are
bound to the same atom and are taken together with
that atom to form a ring, for example, N(R)2, where
both occurrences of R0 are taken together with the
nitrogen atom to form a piperidin-1-yl,
piperazin-1-yl, or morpholin- 4-yl group; and b) two
independent occurrences of R0 (or R+, R, R' or any
othervariable similarly defined herein) that are bound
to different atoms and are taken together with both of
those atoms to form a ring, for example where a phenyl
group is these two occurrences of R0 are taken
together with the oxygen atoms to which they are bound
to form a fused 6- membered oxygen containing ring: It
will be appreciated that a variety of other rings can
be formed when two independent occurrences of R0 (or
R+, R, R' or any other variable similarly defined
herein) are taken together with the atom(s) to which
each variable is bound and that the examples detailed
above are not intended to be limiting. [0055] Unless
otherwise stated, structures depicted herein are also
meant to include all isomeric (e.g., enantiomeric,
diastereomeric, and geometric (or conformational))
forms of the structure; for example, the R and S
configurations for 



each asymmetric center, (Z) and (E) double bond
isomers, and (Z) and (E) conformational isomers.
Therefore, single stereochemical isomers as well as
enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are
within the scope of the invention. Unless otherwise
stated, all tautomeric forms of the compounds of the
invention are within the scope of the invention.
Additionally, unless otherwise stated, structures
depicted herein are also meant to include compounds
that differ only in the presence of one or more
isotopically enriched atoms. For example, compounds
having the present structures except for the
replacement of hydrogen by deuterium or tritium, or
the replacement of a carbon by a 13C- or 14C-enriched
carbon are within the scope of this invention. Such
compounds are useful, for example, as analytical tools
or probes in biological assays. [0056] 3. Description
of Exemplary Compounds:[0057] As described generally
above for compounds of formula I , \- / is X2-Xi , X1-
S or s ~ i . Thus, in certain embodiments, compounds
of formulae I-A, I-B, or I-C are provided: [0058] As
also described generally above for compounds of
formula I , R3 is Q2- Ar1, or R2 and Q -R3, taken
together with the nitrogen atom, form the cyclic
group: ' s , where s is 1 or 2, Z is CH or N, each
occurrence of Y is independently, as valency and
stability permit, -CO-, -CS-, -SO2-, -O-, -S-, -NR5-,
or - C(R5)2-, and R5 is UnR'. [0059] In some
embodiments, wherein the compound has the formula I-B,
G is - NR2 and Q1 is -CO- or G is C=O and Q1 is -NR2-.
In further embodiments, G is -NR2 and Q1 is -CO-. In
yet further embodiments, X1 is CR4 and X2 is CR4 or N.
[0060] Accordingly, in one embodiment, R is Q -Ar and
compounds of formulae I-A-i, I-B-i, and I-C-i are
provided. I-A-i I-B-i I-C-i[0061] In some embodiments,
G is NR2, R3 is Q2-Ar1, and compounds of formulae
I-A-i-a, I-B-i-a, and I-C-i-a are provided: I-A-i-a
I-B-i-a I-C-i-a [0062] In other embodiments, G is C=O,
R3 is Q2-Ar1, and compounds of formulae I-A-i-b,
I-B-i-b, and I-C-i-b are provided: I-A-i-b I-B-i-b
I-C-i-b [0063] In general, for compounds of formula I
, and subsets thereof, R is UnR'. In certain
embodiments, R is hydrogen, or is UnR', where n is 1,
and U is a C1-6 alkylidene chain wherein one or two
methylene units are optionally and independently
replaced by -O-, -NR-, -S-, or -CO-. In other
embodiments, U is -CH 2-, -CH2CH2-, - CH2CH2CH2-,
-CH2CH2CH2CH2-, -CH2O-, -CH2S-, -CH 2NR-, -CH2CH2O-,
-CH2CH2S-, -CH 2CH2NR-, -CH2CH2CH2O-, -CH2CH2CH2S-,
-CH2CH2CH2NR-, -CH2CH2CH2CH2O-, -CH2CH2CH2CH2S-,
-CH2CH2CH2CH2NR-, - CH2CH2OCH2CH2-, -(CHz)4NHCH2-,
-(CH2)3NHCH2CH2-, or -CH2CH2NHCH2CH2-, and exemplary
R' groups are hydrogen, Q-Qalkyl, an optionally
substituted group selected from tetrahydropyranyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, pyridinyl, imidazolyl, phenyl, or
cyclohexyl, or R and R', taken together with the
nitrogen atom to which they are bound, form an
optionally 



substituted 5- or 6-membered saturated, partially
unsaturated, or unsaturated heterocyclyl ring.[0064]
As described generally above, for compounds of formula
I, and subsets thereof, Q1 is -CO-, -SO2-, -NR2,
-NR2CO-, -CONR2-, or -SO 2NR2- . In some embodiments,
Q1 is -CO-, -CONR2-, -NR2-, -SO2-, or -SO 2NR2-. In
other embodiments, Q1 is - CO-, -NR2-, or -CONR 2-.
[0065] For compounds of general formula I , and
subsets thereof, Q2 is a bond or a C1-6 alkylidene
chain, wherein up to two methylene units of the chain
are each optionally and independently replaced by
-NR'-, -S-, -O-, -CS-, -CO2-, -OCO-, -CO-, -COCO-,
-CONR'-, -NR'CO-, -NR CO2-, -SO2NR'-, -NR SO2-,
-CONR'NR'-, - NR'CONR'-, -OCONR -, -NR NR -, -NR
SO2NR'-, -SO-, -SO2-, -PO-, -PO2-, or- POR -; and
wherein any carbon atom in the one or more methylene
units is optionally substituted with one or two
occurrences of R6, wherein each occurrence of R6 is
independently halogen, CN, NO2, or UnR , or two
occurrences of R6, or R and R6, taken together with
the atoms to which they are bound, form an optionally
substituted 3-6-membered cycloalkyl, heterocyclyl,
aryl or heteroaryl ring. In some embodiments, Q2 is a
direct bond, or is -(CHR6)q-, -(CHR6)qO-, -(CHR6)qS-,
- (CHR6)qS(O)2-, -(CHR6)qS(O)- , -(CHR6)qNR-, or -(CHR
6)qC(0)-, wherein q is 0, 1, 2, or 3. In certain other
embodiments, R6 is R , -N(R)(R'), -(CH2)1-4N(R)(R ), -
(CH2) 4C(CHs)2N(R)(R'), -OR', -(CH2)1-4OR\
-NR(CH2)1-4N(R)(R'), -NR(CH2) 4SO2R', -NR(CH2)1-4COOR\
or -NR(CH2)1-4COR', or two occurrences of R6, taken
together with the atoms to which they are bound, form
an optionally substituted 3-6- membered saturated,
partially unsaturated, or fully unsaturated ring.
Examples of such R6 groups include, but are not
limited to -CH2OH, -CH2CH2OH, -OH, -OMe, - OEt, -NH2,
-NH(Me), -NH(Et), -N(Me)(Me), -CH2NH2, -CH2CH2NH2,
-NHC0 2tbutyl, phenyl, cyclopentyl, methyl, ethyl,
isopropyl, cyclopropyl, -NH(CH2)sNH2, - NH(CH2)2NH2,
-NH(CH2)2NHEt, -NHCH2ryridyl, ~NHSO2phenyl, -
NHCOCH2C(O)Ot-butyl, -NHCOCH2NH3, -CH2C(CHs)2NH2,
-NHCH2-imidazol-4- yi. [0066] In certain exemplary
embodiments, Ar1 groups are: a b e dg m n o U W aabb
CC dd ee ff gg hh ii jj kk U mm nn oo pp qq wherein t
is 0, 1, 2, 3, 4, or 5, and wherein any Ar1 is bonded
to Q2 through any substitutable nitrogen or carbon
atom, and wherein one or more hydrogen atoms on any
substitutable nitrogen or carbon atom is substituted
with one or more independent occurrences of TR7,
wherein TR7 is defined generally above. [0067] In
other embodiments, Ar1 is a, b, e, f, g h, i, j , k, r
, cc, dd, ff, jj, 11, or 



pp. As described generally above, Ar1 is optionally
substituted with 0-5 independent occurrences of TR7;
wherein T is a bond or is a C1-C6 alkylidene chain
wherein up totwo methylene units of T are optionally
replaced by -NR-, -S-, -O-, -CS-, -CO -, - OCO-, -CO-,
-COCO-, -CONR-, -NRCO-, -NRCO2-, -SO2NR-, -NRSO2-, -
CONRNR-, -NRCONR-, -OCONR-, -NRNR-, -NRSO2NR-, -SO-,
-SO2-, -PO-, -PO2- , or -POR-; and each occurrence of
R7 is independently R', halogen, NO2, or CN. In
certain embodiments, T is a bond or is an optionally
substituted C1-6 alkylidene chain wherein one or two
methylene units are optionally and independently
replaced by -O- , -NR-, -S-, -SO-, -SO2-, -COO-, -CO-,
-OSO2-, -NRSO2, -CONR-, or -SO2NR-, and R7 is R' or
halogen. In other embodiments, each occurrence of TR7
is independently - C1-3alkyl, -OR', -SR', -CF3, -OCF3,
-SCF3, -F, -Cl, I, -Br, -COOR', -COR', -
O(CH2)4N(R)(R'), -O(CH2)3N(R)(R'), -O(CH2)2N(R)(R'),
-0(CH 2)N(R)(R'), - O(CH2)4CON(R)(R'),
-O(CH2)3CON(R)(R'), -O(CH2)2CON(R)(R'), - 0(CH
2)CON(R)(R'), -CON(R)(R'), -(CH2)4OR\ -(CH2)3OR\
-(CH2)2OR\ -CH2OR', optionally substituted phenyl or
benzyl, -N(R)(R'), -(CH2)4N(R)(R'), - (CH2)3N(R)(R'),
-(CH2)2N(R)(R'), -(CH2)N(R)(R'), -SO2N(R)(R'),
-NRSO2R', - CON(R)(R'), -NRSO2(CH2)1-4N(R)(R'),
-CONR(CH2)1-4N(R)(R'), -COO(CH2) - ^(R)(R' ),or -OSO
2R', where, as defined generally above, each
occurrence of R is independently hydrogen or an
optionally substituted C1-6 aliphatic group; and each
occurrence of R is independently hydrogen or an
optionally substituted C1-6 aliphatic group, a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; or R and R
, two occurrences of R, or two occurrences of R , are
taken together with the atom(s) to which they are
bound to form an optionally substituted 3-12 membered
saturated, partially unsaturated, or fully unsaturated
monocyclic or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [0068] In another embodiment, R3 is Q2-Ar1, or
R2 and Q -R3, taken together with the nitrogen atom,
form the cyclic group: s where Z is CH or N, s is 1 or
2, each occurrence of Y is independently, as valency
and stability permit, -CO-, -CS-, -SO2-, -O-, -S-,
-NR5-, or -C(R5)2-, and R5 is UnR', and compounds of
formulae I-A-ii, I-B-ii, and I-C-ii are provided:
I-A-ii I-B-ii I-C-ii [0069] For compounds of formula
I-A-ii, I-B-ii, and I-C-ii, Q3 is a bond or a C1-6
alkylidene chain, wherein up to two methylene units of
the chain are each optionally and independently
replaced by - NR'-, -S-, -O-, -CS-, -CO2-, -OCO-,
-CO-, -COCO-, - CONR'-, -NR'CO-, -NR CO2-, -SO2NR'-,
-NR'SO 2-, -CONR'NR'-, -NR'CONR'-, - OCONR'-,
-NR'NR'-, -NR SO2NR'-, -SO-, -SO2-, -PO-, -PO2-, or
-POR'-; and wherein any carbon atom in the one or more
methylene units is optionally substituted with one or
two occurrences of R6, wherein each occurrence of R is
independently halogen, CN, NO2, or UnR', or two
occurrences of R6, or R' and R6, taken together with
the atoms to which they are bound, form an optionally
substituted 3-6-membered 



cycloalkyl, heterocyclyl, aryl or heteroaryl ring. In
some embodiments, Q2 is a direct bond, or is
-(CHR6)q-, -(CHR6)qO-, -(CHR6)qS-, -(CHR6)qS(O)2-,
-(CHR6)qS(O)- , - (CHR6)qNR-, or - (CHR6)qC(0)-,
wherein q is O, 1, 2, or 3. In certain other
embodiments, R6 is R', -N(R)(R'), -(CH2)1-4N(R)(R'),
-(CH2)1-4C(CH3)2N(R)(R'), - (CH2)1-4CH(CH3) N(R)(R'),
-OR', -(CH2)1-4OR\ -NR(CH2)1-4N(R)(R'), -NR(CH2)
4SO2R\ -NR(CH2)1-4COOR', or -NR(CH2)1-4COR\ or two
occurrences of R6, taken together with the atoms to
which they are bound, form an optionally substituted
3-6- membered saturated, partially unsaturated, or
fully unsaturated ring. Examples of such R6 groups
include, but are not limited to -CH2OH, -CH2CH2OH,
-OH, -OMe, - OEt, -NH2, -NH(Me), -NH(Et), -N(Me)(Me),
-CH2NH2, -CH2CH2NH2, -NHCO2tbutyl, phenyl,
cyclopentyl, methyl, ethyl, isopropyl, cyclopropyl,
-NH(CH2)3NH2, - NH(CH2)2NH2, -NH(CH2)2NHEt,
-NHCH2pyridyl, -NHSO2phenyl, -NHCOCH2C(O)O -butyl,
-NHCOCH2NH3, -CH2C(CH3)2NH2, ~NHCH2-imidazol-4- yi-
[0070] For compounds of general formula I-A-ii,
I-B-ii, and I-C-ii, exemplary Ar2 groups are the same
as those described for Ar1 (a-qq) groups in [0066].
[0071] In more preferred embodiments, Ar2 is a, b e,
f, g, h, i, j k, n r , cc, dd, ff,jj, U, orpp. [0072]
As described generally above, Ar1 is optionally
substituted with 0-5 independent occurrences of -TR7;
wherein T is a bond or is a C1-C6 alkylidene chain
wherein up to two methylene units of T are optionally
replaced by -NR-, -S-, -O-, - CS-, -CO2-, -OCO-, -CO-,
-COCO-, -CONR-, -NRCO-, -NRCO2-, -SO2NR-, - NRSO2-,
-CONRNR-, -NRCONR-, -OCONR-, -NRNR-, -NRSO2NR-, -SO-,
-SO2-, - PO-, -PO2-, or -POR-; and each occurrence of
R7 is independently R', halogen, -NO2, or -CN. In
certain embodiments, T is a bond or is an optionally
substituted C1-6 alkylidene chain wherein one or two
methylene units are optionally and independently
replaced by -O-, -NR-, -S-, -SO-, -SO2-,-COO-, -CO-,
-OSO2-, -NRSO2, -CONR-, or -SO2NR-, and R is R' or
halogen. In other embodiments, each occurrence of TR
is independently -C1-3alkyl, -OR', -SR', -CF3, -OCF3,
-SCF3, -F, -Cl, -I, -Br, -COOR', - COR',
-O(CH2)4N(R)(R'), -O(CH2)3N(R)(R'), -O(CH2)2N(R)(R'),
-0(CH 2)N(R)(R'), -O(CH2)4CON(R)(R'),
-O(CH2)3CON(R)(R'), -O(CH2)2CON(R)(R'), - 0(CH
2)CON(R)(R'), -C(O)N(R)(R'), -(CH2)4OR\ -(CH2)3OR\
-(CH2)2OR\ - CH2OR', optionally substituted phenyl or
benzyl, -N(R)(R'), -(CH2)4N(R)(R') - (CH2)3N(R)(R'),
-(CH2)2N(R)(R'), -(CH2)N(R)(R'), -SO2N(R)(R'),
-NRSO2R', - CON(R)(R'), -NRSO2(CH2)1-4N(R)(R'),
-CONR(CH2)1-4N(R)(R'), -COO(CH2) - 4N(R)(R'),or -OSO
2R', where, as defined generally above, each
occurrence of R is independently hydrogen or an
optionally substituted C1-6 aliphatic group; and each
occurrence of R is independently hydrogen or an
optionally substituted C1-6 aliphatic group, a
3-8-membered saturated, partially unsaturated, or
fully unsaturated monocyclic ring having 0-3
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an 8-12 membered saturated,
partially unsaturated, or fully unsaturated bicyclic
ring system having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; or R and R
, two occurrences of R, or two occurrences of 



R , are taken together with the atom(s) to which they
are bound to form an optionallysubstituted 3-12
membered saturated, partially unsaturated, or fully
unsaturated monocyclic or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. [0073] In certain embodiments, for
compounds of formula I-b, R5 is hydrogen, - (CH2)3OR\
-(CHa)2OR', -(CH2)OR', -(CH2)3N(R') 2, -(CH2)2N(R') 2,
-(CH2)N(R'),, or -Q^aliphatic. [0074] As described
generally above, for compounds of formula I, I-A-i,
I-B-i, IC- i, I-A-i-a, I-B-i-a, I-C-i-a, I-A-i-b,
I-B-i-b, and I-B-i-c, X1 and X2 are each independently
CR4 or N, and thus compounds of formulae H-A, H-B,
IH-A, IH-B, IV-A, IV-B, V-A, V-B, VI-A, VI-B, VII-A,
VII-B, VIII-A, VIII-B, IX-A, IX-B, XA, X-B, XI-A,
XI-B, XII-A, XII-B, XIII-A, and XIII-B are provided:
IV-A V-AIV-B V-B VI-A VII-A VI-B VII-BX-A XI-A XII-B
XIII-B [0075] In general, for compounds of formula I ,
and subsets thereof, x is 0, 1, 2, or 3, and each
occurrence of R1 is independently halogen, -CN, -NO ,
or -VmR'. In certain embodiments, x is 0, 1, or 2, and
R1 groups, when present, are each independently
hydrogen, halogen, optionally substituted
C1-C4aliphatic, -OH, -OR', - SR', or -N(R' )2. In
other embodiments, R1 groups are each independently
hydrogen, halogen, -CH3, -CH2CH3, -OH, -OCH3, -SCH3,
-NH2, -N(CH3)2, -N(CH2CH3)2, -NH(CH2)2NHCH3,
-NHCcyclopropyl), -NH(CH2)cyclopropyl, or
-NH(CH2)2N(CH3)2. In other embodiments, R1 groups are
not an optionally substituted phenyl. In other
embodiments, R1 groups are not heterocyclic,
heteroaryl, cycloaliphatic or aryl. [0076] As
described generally above, the thiadiazole, thiazole,
thiophene, and isothiazole rings are each optionally
substituted with zero, one or two occurrences of R4,
as valency permits, wherein each occurrence of R4 is
independently halogen, -CN, -NO2, or -VmR. In some
embodiments, R4 groups are each independently
hydrogen, C1-6aliphatic, -CN, -COR, -COOR, CON(R)2, or
halogen. In other embodiments, R4 groups are each
hydrogen. [0077] It will also be appreciated that for
compounds of formulae H-A, H-B, IIIA, III-B, IV-A,
IV-B, V-A, V-B, VI-A, VI-B, VII-A, VII-B, VIII-A,
VIII-B, IX-A, IX-B, X-A, X-B, XI-A, XI-B, XII-A,
XII-B, XIII-A, and XIII-B, in some embodiments R3 is
Q2-Ar1, wherein Q2 and Ar1 are described generally and
in subsets above and herein. In other exemplary
embodiments, for each of the above-described classes
and subclasses of compounds, R and Q -R , taken
together with the nitrogen atom, form the cyclic
group: where Z is CH or N, s is 1 or 2, each
occurrence of Y is independently, as valency and
stability permit, -CO-, -CS-, -SO2-, -O-, -S-, -NR5-,
or -C(R5)2-, and R5 is -UnR', wherein Q3, Ar2, and R5
are described generally above and in classes and
subclasses above and herein. [0078] For compounds of
formula VII-B, in some embodiments, Q1 is -CO-. Li
further embodiments, R2 is H, -C1-4 aliphatic,
-cyclopropyl or . In further embodiments, R2 is H. In
other embodiments for 



compounds of formula VII-B, R4 is H or -C1-4
aliphatic. In further embodiments, R4 is H. [0079] In
further embodiments, x is 1 and said compound has a
formula selected from formulae VII-B-i or
VH-B-ii:VII-B-i VII-B-ii In certain embodiments of
VII-B-i or V-B-ii, R1 is H, halogen, OH or CH . In
some embodiments of VII-B-i, R1 is H or F. In some
embodiments of VII-B-ii, R1 is Br. In some embodiments
of VII-B-i or V-B-ii, Q1 is -CO-, R1 is H, halogen, OH
or CH3, R is H, -C1-4 aliphatic, -cyclopropyl or and R
is H or -C1-4 aliphatic. R1 is H or F, R2 is H and R4
is H or -C1-4 aliphatic. [0080] In further
embodiments, R1 is H or F,R2 is H and R4 is H, and the
compound has a structure of formula V-B-iii:
VII-B-iii. [0081] In further embodiments, for
compounds having a structure of formula VB- iii, Q2 is
-(CHR6V , -(CHR6)qO-, -(CHR6)qS-, -(CHR6)qS(O)2-,
-(CHR6)qS(O)- , - (CHR6)qNR-, or-(CHR 6)qC(O)-,
wherein q is 0, 1, 2, or 3, and each R6 is R', -
N(R)(R'), -(CH2)1-4N(R)(R'), -(CH2)1-4C(CH3)2N(R)(R'),
-(CH2) - 4CH(CH3)N(R)(R'), -OR', -(CH2)i_4OR\
-NR(CH2)i 4N(R)(R'), -NR(CH2)1-4SO2R\ -
NR(CH2)1-4COOR\ or -NR(CH2)1-4COR', or two occurrences
of R6, taken together with the atoms to which they are
bound, form an optionally substituted 3-6-membered
saturated, partially unsaturated, or fully unsaturated
ring. In further embodiments, Q is -(CHR6)q- q is 1 or
2, and R6 is R', -N(R)(R'), -(CH2)1-4N(R)(R'), -OR',
-(CH2)4OR'or -NR(CH2)1-4SO2R'. In yet further
embodiments, Q2 is -(CHR6)q-, q is 1 or 2, and each R0
is H. In still further embodiments, Q.2 i s -(CHR)q-,
q is 1, and R>60 is H. In other embodiments of
V-B-iii, Ar1 is selected from rings a - qq as
described in paragraph [0067] above, wherein t is 0,
1, 2, 3, 4, or 5, and wherein any Ar,1 ;is, bonded to
Q2 through any substitutable nitrogen or carbon atom,
and wherein one or more hydrogen atoms on any
substitutable nitrogen or carbon atom is substituted
with one or more independent occurrences of TR7. In
further embodiments, Ar1 is . In still further
embodiments, t is 0, 1 or 2, and each TR7 is
independently selected from halogen, -CN, -R',
-O(CH2)0-5R', -NRR', -OSO2(CH2)0- , -NRSO2(CH2) O-5R',
-NRSO2NR(CH2)O-5R', -SO2NR(CH2) O-5R', -CONRR', -COR',
-COOR', -NRCOR' or -SO2(CH2)0-5R'. In yet further
embodiments, TR7 is selected from -F, -Cl, -CN, -NH2,
-CH3, - CH2CH3, -CH(CH3)2, -OH, -OCH3, -NR11SO2R",
-NR"SO2N(R")2, -COOC(CH3)3, -OSO2CH3, -OH, -SO2N(R")2,
-SO2NHR1, -SO2R", - pyrollidinone, tetrahydrofuran or
-D-(CH2)p-Z, wherein R" is a H or a C1-4 alkyl, D is
-SO2-, -SO2NH-, -NHSO2- or -0-, p is 0-3, and Z is
selected from: alkyl, and wherein one or more carbon
atoms of Z is optionally substituted with =0. In
further embodiments, t is 1 or 2, one TR7 is
-D-(CH2)P-Z, D is -O-, p is 2 or 3, Z is wherein one
or more carbon atoms of Z is optionally substituted
with =0. In yet further embodiments, t is 1 or 2, and
one TR7 is -NR11SO2R", NHSO2R", OR", F or 



Cl.[0082] In another embodiment of ArJ1, ALrl1 is and
t is 0 or 1. [0083] It will be appreciated that for
compounds as described above, certain additional
compounds are of special interest. For example, in
certain exemplary embodiments, thiophene compounds are
provided where G is NR , Q is -CO-, Q is CHR6, q is 1
2, or 3, and compounds have one of formulae XIV-A,
XV-A, or XVI-A: XIV-A XV-A XVI-A [0084] In other
embodiments, thiophene compounds are provided where G
is NR2, Q1 is -CONR 2-, Q2 is CHR6, q is 1 2, or 3,
and compounds have one of formulae XIV-B, XV-B, or
XVI-B: XIV-B XV-B XVI-B [0085] In other embodiments,
thiazole compounds are provided where G is NR , Q1 is
-CO-, Q2 is CHR6, q is 1, 2 or 3, and compounds have
one of formulae XVII-A, XVIII-A 5OrXIX-A: XVII-A
XVIII-A XIX-A[0086] In other embodiments, thiazole
compounds are provided where G is NR , Q1 is -CONR 2-,
Q2 is CHR6, q is 1, 2 or 3, and compounds have one of
formulae XVII-B, XVIII-B, or XIX-B: XVII-B XVIII-B
XIX-B [0087] In certain embodiments, for compounds of
formulae XIV-A, XIV-B, XVA, XV-B, XVI-A, XVI-B,
XVII-A, XVII-B, XVIII-A, XVIII-B, XIX-A or XIX-A,
compound variables are selected from one of more of
the following groups: a) each occurrence of R1 is
independently hydrogen, halogen, optionally
substituted Q-Qaliphatic, -OR', -SR', or -N(R') 2; b)
each occurrence of R1 is independently hydrogen,
halogen, -CH , -CH CH , -OH, -OCH3, -SCH3, -NH2,
-N(CH3)2, -N(CH2CH3)2, -NH(CH2)2NHCH3, -
NH(cyclopropyl), -NH(CH2)cyclopropyl, or
-NH(CH2)2N(CH3)2; c) R2 is hydrogen, or is UnR', where
n is 1, and U is -CH 2-, -CH2CH2-, - CH2CH2CH2-,
-CH2CH2CH2CH2-, -CH2O-, -CH2S-, -CH 2NR-, -CH2CH2O-,
-CH2CH2S-, -CH 2CH2NR-, -CH2CH2CH2O-, -CH2CH2CH2S-,
-CH2CH2CH2NR-, -CH2CH2CH2CH2O-, -CH2CH2CH2CH2S-,
-CH2CH2CH2CH2NR-, - CH2CH2OCH2CH2-, -(CH 4NHCH2-,
-(CH2)3NHCH2CH2~, or -CH2CH2NHCH2CH2-, wherein R'
groups are hydrogen, C1-C4alkyl, an optionally
substituted group selected from tetrahydropyranyl,
pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, pyridinyl, imidazolyl, phenyl, or
cyclohexyl, or R and R', taken together with the
nitrogen atom to which they are bound, form an
optionally substituted 5- or 6-membered saturated,
partially unsaturated, or unsaturated heterocyclyl
ring; d) each occurrence of R4 is independently
hydrogen, C1-6aliphatic, CN, COR, COOR, CON(R)2, or
halogen; e) q is 1, 2, or 3;f) R6 is R', -N(R)(R'),
-(CH2) 4N(R)(R'), -(CH2)1-4C(CH3)2N(R)(R'), -(CH2)
4CH(CH3) N(R)(R') -OR', -(CH2)1-4OR',
-NR(CH2)1-4N(R)(R'), -NR(CH2)1-4SO2R', -
NR(CH2)1-4COOR', or -NR(CH2)1-4COR', or two
occurrences of R6, taken together with the atoms to
which they are bound, form an optionally substituted
3-6-membered 



saturated, partially unsaturated, or fully unsaturated
ring; g) R6 is -CH2OH, -CH2CH2OH, -OH, -OMe, -OEt,
-NH2, -NH(Me), -NH(Et), -N(Me)(Me), -CH2NH2,
-CH2CH2NH2, -NHCO2t-butyl, phenyl, cyclopentyl,
methyl, ethyl, isopropyl, cyclopropyl, -NH(CH2)3NH2,
-NH(CH2)2NH2, -NH(CH2)2NHEt, - NHCH2pyridyl,
-NHSO2phenyl, -NHCOCH2COOt-butyl, -NHCOCH2NH3, -
CH2C(CH3)2NH2, -NHCH2-imidazol-4-yl; h) Ar1 is ring a,
b, e, f, g, h, i, j , k, r , cc, dd, ff, jj, 11, or
pp, wherein t is 0, 1, 2, or 3, and T is a bond or is
an optionally substituted C1- alkylidene chain wherein
one or two methylene units are optionally and
independently replaced by -O-, -NR-, - S-, -SO-, -SO2-
-COO-, -CO-, -OSO2-, -NRSO2, -CONR-, or -SO2NR-, and
R7 is R' or halogen; or i) Ar1 is ring a, b, e, f, g,
h, i, j , k, r , cc, dd, ff, jj, 11, or pp, wherein t
is O, 1, 2, or 3, and each occurrence of TR7 is
independently -C1-3alkyl, -OR', -SR', -CF3, - OCF3,
-SCF3, -F, -Cl, I, -Br, -COOR', -COR',
-O(CH2)4N(R)(R'), -O(CH2)3N(R)(R'), -O(CH2)2N(R)(R'),
-0(CH 2)N(R)(R'), ~O(CH2)4CON(R)(R'),
-O(CH2)3CON(R)(R'), -O(CH2)2CON(R)(R'), -0(CH
2)CON(R)(R'), -CON(R)(R'), -(CH2)4OR\ - (CH2)3OR\
-(CH2)2OR\ -CH2OR', optionally substituted phenyl or
benzyl, - N(R)(R'), -(CH2)4N(R)(R'), -(CH2)3N(R)(R'),
-(CH2)2N(R)(R'), -(CH2)N(R)(R'), - SO2N(R)(R'),
-NRSO2R', -CON(R)(R'), -NRSO2(CH2)1-4N(R)(R'),
-CONR(CH2) 4N(R)(R'), -COO(CH2)1-4N(R)(R'),or -OSO
2R'. [0088] In other embodiments, for certain of the
thiophene and thiazole compounds of formulae XIV-A
through XIX-A, q is 1, and Ar1 is optionally
substituted phenyl and compounds of formulae XIV-C
through XIX-C are provided:XVI-C XVII-C XVIII-C
wherein R1, Rz , R2, R4, R6, T, R7 and t are as
defined generally and in classes and subclasses above
and herein. [0089] In preferred embodiments, for
compounds of formulae XIV-C through XIX-C: each
occurrence of R1 is hydrogen; R2 is hydrogen, or is
UnR', where n is 1, and U is -CH -, -CH2CH2-, -
CH2CH2CH2-, -CH2CH2CH2CH2-, -CH2O-, -CH2S-, -CH 2NR-,
-CH2CH2O-, -CH2CH2S-, -CH 2CH2NR-, -CH2CH2CH2O-,
-CH2CH2CH2S-, -CH2CH2CH2NR-, -CH2CH2CH2CH2O-,
-CH2CH2CH2CH2S-, -CH2CH2CH2CH2NR-, - CH2CH2OCH2CH2-,
-(CH2)4NHCH2-, -(CH2)3NHCH2CH2-, Or -CH2CH2NHCH2CH2-,
wherein R' groups are hydrogen, Q-Qalkyl, an
optionally substituted group selectedfrom
tetrahydropyranyl, pyrrolidinyl, piperidinyl,
piperazinyl, morpholinyl, thiomorpholinyl, pyridinyl,
imidazolyl, phenyl, or cyclohexyl, or R and R', taken
together with the nitrogen atom to which they are
bound, form an optionally substituted 5- or 6-membered
saturated, partially unsaturated, or unsaturated
heterocyclyl ring; each occurrence of R4 is
independently hydrogen, C1-6aliphatic, CN, COR, COOR,
CON(R)2, or halogen; R6 is -R', -N(R)(R'),
-(CHa)1-4N(R)(R'), -(CH2)1-4C(CH3)2N(R)(R'), -(CH2),. 



4CH(CH3) N(R)(R'), -OR', -(CH2)J-4OR',
-NR(CH2)1-4N(R)(R'), -NR(CH2)1-4SO2R',
-NR(CH2)1-4COOR', or -NR(CH2)1-4COR'; and t is 0, 1,
2, or 3, and each occurrence of TR7 is independently
-C1-3alkyl, -OR', -SR', -CF3, -OCF3, -SCF3, -F, -Cl,
-I, -Br, -COOR', -COR', -0(CHz)4N(R)(R'), -
O(CH2)3N(R)(R'), -O(CH2)2N(R)(R'), -0(CH 2)N(R)(R'),
-O(CH2)4CON(R)(R'), - O(CH2)3CON(R)(R'),
-O(CH2)2CON(R)(R'), -0(CH 2)CON(R)(R'), -CON(R)(R'), -
(CH2)4OR\ -(CH2)3OR\ -(CH2)2OR\ -CH2OR', optionally
substituted phenyl or benzyl, -N(R)(R'),
-(CHa)4N(R)(R'), -(CH2)3N(R)(R'), -(CH2)2N(R)(R'), -
(CH2)N(R)(R'), -SO2N(R)(R'), -NRSO2R', -CON(R)(R'),
-NRSO2(CH2)1-4N(R)(R'), -CONR(CH2)1-4N(R)(R'),
-COO(CH2)1-4N(R)(R'),or -OSO 2R'. [0090] Other subsets
include those compounds where G is NR2, and R2 and Q1-
R3, taken together with the atoms to which they are
bound form a 5-membered cyclic group, and compounds
have one of formulae XX through XXVIII:XXII XXIII XXIV
XXV XXVI XXVII XXVIII [0091] In other embodiments,
thiazole compounds are provided where G is NR2, and R2
and Q -R3, taken together with the atoms to which they
are bound form a 5- membered cyclic group, and
compounds have one of formulae XXIX through
XXXVII:XXIX xxxXXXVII [0092] In still other
embodiments, thiophene and thiazole compounds are
provided where G is NR2, and R2 and C -R3, taken
together with the atoms to which they are bound form a
6-membered cyclic group, and compounds have one of
formulae XXXVIII through XLIII: XXXVIII XXXIX XL XLI
XLII XLIII wherein W is O, NRD, or CHRD[0093] In yet
other embodiments, thiophene and thiazole compounds
are provided where G is NR2, and R2 and C -R3, taken
together with the atoms to which they are bound form a
5- or 6-membered cyclic group, and compounds have one
of formulae XLIV through LXI: XLIV XLV XLVI XLVII
XLVIII XLIX LIII LIV LVLIX LX LXI [0094] In certain
embodiments, for compounds of formulae XX through LXI
compound variables are selected from one of more of
the following groups: a) each occurrence of R1 is
hydrogen, halogen, optionally substituted -C1-
Qaliphatic, -OR', -SR', or -N(R') 2; b) each
occurrence of -R4 is independently hydrogen,
C1-6aliphatic, -CN, - COR, -COOR, -CON(R)2, or
halogen; c) R5 is hydrogen, -(CH2)3OR\ -(CH2)2OR\
-(CH2)OR', -(CH2)3N(R' )2, - (CH2)2N(R') 2,
-(CH2)N(R') 2, or C1-4aliphatic; 



d) Q3 is a direct bond, or is -(CHR6)q-, -(CHR6)qO-,
-(CHR6)qS-, - (CHR6)qS(O)2-, -(CHR6)qS(O)- ,
-(CHR6)qNR-, or -(CHR 6)qC(O)-, wherein q is O, 1, 2,
or 3; and e) Ar2 is ring a, b, e, f, g, h, i, j , k,
n, r , cc, dd, ff, jj, U, or pp, wherein t is O, 1, 2,
or 3, and T is a bond or is an optionally substituted
C1-C6 alkylidene chain wherein one or two methylene
units are optionally and independently replaced by -O-
, -NR-, -S-, -SO2- -COO-, -CO-, -OSO2-, -NRSO2,
-CONR-, or -SO2NR-, and R7 is R' or halogen. [0095] In
certain other embodiments, for compounds of formulae
XX through LXI compound variables are selected from
one of more of the following groups:a) each occurrence
of R1 is independently hydrogen, halogen, -CH3, -CH2CH
, -OH, -OCH3, -SCH3, -NH2, -N(CH3)2, -N(CH2CH3)2,
NH(CH2)2NHCH3, NH(cyclopropyl), NH(CH2)cyclopropyl, or
NH(CH2)2N(CH3)2; b) each occurrence of R4 is
independently hydrogen, C1-6aliphatic, -CN, -COR,
-COOR, -CON(R)2, or halogen; c) R5 is hydrogen,
-(CH2)3OR\ -(CH2)2OR\ -(CH2)OR', -(CH2)3N(R') 2, -
(CH2)2N(R') 2, -(CH2)N(R') 2, or C1-4aliphatic; d) Q3
is a direct bond, or is -(CHR6)q-, -(CHR6)qO-,
-(CHR6)qS-, - (CHR6)qS(O)2-, -(CHR6)qS(O)- ,
-(CHR6)qNR-, or -(CHR 6)qC(O)-, wherein q is 0, 1, 2,
or 3; and e) Ar2 is ring a, b, e, f, g, h, i j , k, n,
r , cc, dd, ff, jj, U, or pp, wherein t is 0, 1, 2, or
3, and each occurrence of -TR7 is independently
-C1-3alkyl, -OR', -SR', -CF3, -OCF3, -SCF3, -F, -Cl,
-I, -Br, -COOR', -COR', -0(CHz)4N(R)(R'), -
O(CH2)3N(R)(R'), -O(CH2)2N(R)(R'), -0(CH 2)N(R)(R'),
-O(CH2)4CON(R)(R'), - O(CH2)3CON(R)(R'),
-O(CH2)2CON(R)(R'), -0(CH 2)CON(R)(R'), -CON(R)(R'), -
(CH2)4OR\ -(CH2)3OR\ -(CH2)2OR\ -CH2OR', optionally
substituted phenyl or benzyl, -N(R)(R'), -(CH
4N(R)(R'), -(CH2)3N(R)(R'), -(CH2)2N(R)(R'), -
(CH2)N(R)(R'), -SO2N(R)(R'), -NRSO2R', -CON(R)(R'),
-NRSO2(CH2)1-4N(R)(R'), -CONR(CH2)1-4N(R)(R'),
-COO(CH2)1-4N(R)(R'),or -OSO 2R'. [0096] In other
embodiments, for the thiophene and thiazole compounds
of formulae XX-LIX as described above, Ar2 is
optionally substituted phenyl. [0097] In still other
embodiments, for the thiophene and thiazole compounds
of formulae XX-LIX: Ar2 is optionally substituted
phenyl; each occurrence of R1 is hydrogen; each
occurrence of R4 is independently hydrogen,
C1-6aliphatic, -CN, -COR, - COOR, -CON(R)2, or
halogen. [0098] In another embodiment of the
invention, Ar1 is a C1-6 optionally substituted
aliphatic. In further embodiments, Ar1 is a C1-3
optionally substituted alkyl and Q2 is - (CHR6V ,
-(CHR6)qO-, -(CHR6)qS-, -(CHR6)qS(O)2-, -(CHR6)qS(O)-
, -(CHR6)qNR-, or -(CHR 6)qC(O)-, wherein q is 0, 1,
2, or 3, and each R6 is R', -N(R)(R'), -(CH2)
N(R)(R'), -(CH2)1-4C(CH3)2N(R)(R'),
-(CH2)1-4CH(CH3)N(R)(R'), -OR', -(CH2) -4OR\
-NR(CH2)1-4N(R)(R'), -NR(CH2)1-4SO2R\
-NR(CH2)1-4COOR', or -NR(CH2)I- 4COR'. In further
embodiments, Q2-Ar1 is -CH2CN. 



[0099] In still other embodiments, X1 is CR4, X2 is
CR4 or N, G is -NR2- or -COand Q1 is a bond for
compounds of formula I-B. In further embodiments, Q2
is a bond. [00100] Representative examples of
compounds of formula I are set forth below in Tables 1
and 2 below. [00101] Table 1. Examples of Compounds of
Formula I :QUINOLINONE-CARBOXAMIDE COMPOUNDS AS 5-HT4
RECEPTOR AGONISTS BACKGROUND OF THE INVENTION Field of
the Invention The invention is directed to
quinolinone-carboxamide compounds which are useful as
5-HT4 receptor agonists. The invention is also
directed to pharmaceutical compositions comprising
such compounds, methods of using such compounds for
treating or preventing medical conditions mediated by
5-HT4 receptor activity, and processes and
intermediates useful for preparing such compounds.
State of the Art Serotonin (5-hydroxytryptamine, 5-HT)
is a neurotransmitter that is widely distributed
throughout the body, both in the central nervous
system and in peripheral systems. At least seven
subtypes of serotonin receptors have been identified
and the interaction of serotonin with these different
receptors is linked to a wide variety of physiological
functions. There has been, therefore, substantial
interest in developing therapeutic agents that target
specific 5-HT receptor subtypes. In particular,
characterization of 5-HT4 receptors and identification
of pharmaceutical agents that interact with them has
been the focus of significant recent activity. (See,
for example, the review by Langlois and Fischmeister,
J Med. Chem. 2003, 46, 319-344.) 5-HT4 receptor
agonists are useful for the treatment of disorders of
reduced motility of the gastrointestinal tract. Such
disorders include irritable bowel syndrome (DBS),
chronic constipation, functional dyspepsia, delayed
gastric emptying, gastroesophageal reflux disease
(GERD), gastroparesis, post-operative ileus,
intestinalpseudo-obstruction, and drug-induced delayed
transit. In addition, it has been suggested that some
5-HT4 receptor agonist compounds may be used in the
treatment of central nervous system disorders
including cognitive disorders, behavioral disorders,
mood disorders, and disorders of control of autonomic
function. Despite the broad utility of pharmaceutical
agents modulating 5-HT4 receptor activity, few 5-HT4
receptor agonist compounds are in clinical use at
present. One agent, cisapride, that was utilized
extensively for treatment of motility disorders of the
gastrointestinal tract was withdrawn from the market,
reportedly due to cardiac side effects. Late stage
clinical trials of another agent, prucalopride, have
been suspended. Accordingly, there is a need for new
5-HT4 receptor agonists that achieve their desired
effects with minimal side effects. Preferred agents
may possess, among other properties, improved
selectivity, potency, pharmacokinetic properties,
and/or duration of action. SUMMARY OF THE INVENTION
The invention provides novel compounds that possess
5-HT4 receptor agonist 



activity. Among other properties, compounds of the
invention have been found to be potent and selective
5-HT 4 receptor agonists. In addition, compounds of
the invention have been found to exhibit favorable
pharmacokinetic properties which are predictive of
good bioavailability upon oral administration.
Accordingly, the invention provides a compound of
formula (I): (I) wherein: R1 is hydrogen, halo,
hydroxy, C1-4alkyl, or C1-4alkoxy; R2 is C3-4alkyl, or
C3-6cycloalkyl; R3 is hydrogen or C^alkyl; R4 is -
S(O)2R6 or - C(O)R7;R5 is hydrogen, C1-3alkyl,
C2-3alkyl substituted with -OH or C1-3alkoxy, or
-CH2-pyridyl; R6 is C1-3alkyl; or, R5 and R6 taken
together form C3-4alkylenyl; and R7 is hydrogen,
C1-3alkyl5or pyridyl; or a pharmaceutically-acceptable
salt or solvate or stereoisomer thereof. The invention
also provides a pharmaceutical composition comprising
a compound of the invention and a
pharmaceutically-acceptable carrier. The invention
also provides a method of treating a disease or
condition associated with 5-HT4 receptor activity,
e.g. a disorder of reduced motility of the
gastrointestinal tract, the method comprising
administering to the mammal, a therapeutically
effective amount of a compound of the invention.
Further, the invention provides a method of treating a
disease or condition associated with 5-HT4 receptor
activity in a mammal, the method comprising
administering to the mammal, a therapeutically
effective amount of a pharmaceutical composition of
the invention. The compounds of the invention can also
be used as research tools, i.e. to study biological
systems or samples, or for studying the activity of
other chemical compounds. Accordingly, in another of
its method aspects, the invention provides a method of
using a compound of formula (I), or a pharmaceutically
acceptable salt or solvate or stereoisomer thereof, as
a research tool for studying a biological system or
sample or for discovering new 5-HT4 receptor agonists,
the method comprising contacting a biological system
or sample with a compound of the invention and
determining the effects caused by the compound on the
biological system or sample. In separate and distinct
aspects, the invention also provides synthetic
processes and intermediates described herein, which
are useful for preparing compounds of the invention.
The invention also provides a compound of the
invention as described herein for use in medical
therapy, as well as the use of a compound of the
invention in the manufacture of a formulation or
medicament for treating a disease or condition
associated with 5-HT4 receptor activity, e.g. a
disorder of reduced motility of the gastrointestinal
tract, in a mammal.DETAILED DESCRIPTION OF THE
INVENTION 



The invention provides novel quinolinone-carboxamide
5-HT4 receptor agonists of formula (I), or
pharmaceutically-acceptable salts or solvates or
stereoisomers thereof. The following substituents and
values are intended to provide representative examples
of various aspects of this invention. These
representative values are intended to further define
such aspects and are not intended to exclude other
values or limit the scope of the invention. Li a
specific aspect of the invention, R1 is hydrogen,
halo, C1-4alkyl, or C1-4alkoxy. hi other specific
aspects, R1 is hydrogen, halo, or C^alkyl; or R1 is
hydrogen or 0 halo; or R1 is fluoro; or R1 is bromo.
hi yet another specific aspect, R1 is hydrogen hi a
specific aspect, R2 is C3-4alkyl or C3-6cycloalkyl. In
another specific aspect, R2 is C3-4alkyl.
Representative R2 groups include n-propyl, isopropyl,
n-butyl, sec-butyl, and tert-butyl. 5 hi another
specific aspect, R2 is isopropyl. In yet other
specific aspects R2 is C3-4alkyl or C4-5cycloalkyl; or
R2 is isopropyl or C4-5cycloalkyl. hi a specific
aspect, R3 is hydrogen or C1-3alkyl. hi other specific
aspects, R is hydrogen, or R is methyl. 0 hi a
specific aspect, R4 is - S(O)2R6 wherein R6 is
C1-3alkyl. hi another specific aspect, R4 is-S(O)2CH3.
In a specific aspect, R4 is-C(O)R7 wherein R7 is
hydrogen, C1-3alkyl or pyridyl. hi other specific
aspects, R4 is-C(O)R7 wherein R7 is hydrogen or
C1-3alkyl; or R4 is - C(O)R7 wherein R7 is hydrogen or
methyl; or R4 is-C(O)R7 wherein R7 is 5 hydrogen; or
R4 is-C(O)R7 wherein R7 is methyl. hi yet another
specific aspect, R4 is-C(O)R7 wherein R7 is 3-pyridyl
or 4-pyridyl. In a specific aspect, R5 is hydrogen;
C1-3alkyl; C2-3alkyl substituted with -OH or
C1-3alkoxy; or-CH2-pyridyl. hi other specific aspects
R5 is hydrogen, C1-3alkyl, or -CH2-pyridyl; or R5 is O
hydrogen or C\ -3alkyl. hi yet other specific aspects,
R5 is-CH2-3-pyridyl; or R5 is hydrogen or methyl; or
R5 is hydrogen; or R5 is methyl.In yet other specific
aspects, R5 and R6 taken together form-(CH2)3- or
-(CH2)4; or R5 and R6 taken together form-(CH2)3- . In
one aspect, the invention provides a compound of
formula (I) wherein R is hydrogen. In another aspect,
the invention provides a compound of formula (I)
wherein R is - S(O)2R6. hi another aspect, the
invention provides a compound of formula (I) wherein R
is - C(O)R7 The invention further provides a compound
of formula (T) wherein R1 is hydrogen or halo; R2 is
isopropyl or C4-5cycloalkyl; and R3, R4, R5, R6, and
R7 are defined as in formula (I). In yet another
aspect, the invention provides a compound of formula
(I) wherein: 



R1 is hydrogen; R2 is C3-4alkyl or C4-5cycloalkyl; R3
is hydrogen; R4 is - S(O)2R6 or C(O)R7; R5 is hydrogen
or C1-3alkyl; R6 is C1-3alkyl; and R7 is hydrogen or
C1-3alkyl. In yet another aspect, the invention
provides a group of compounds of fopnula (H): 0
wherein R1 is hydrogen, R2 is isopropyl, and R3, R4,
R5, and R6, or R3, R4, R5, and R7 take the values
shown in Table I and Table p, respectively.Table I The
chemical naming conventions used herein are
illustrated for the compound of Example 1:which is
designated
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l S',3i
,5i?)-8-[2-hydroxy-3-(niethanesulfonyl-methyl-amino)pr
opyl]-8-azabicyclofS^. lJoct-S-yljamide, according to
the AutoNom software, provided by MDL Information
Systems, GmbH (Frankfurt, Germany). The designation
(IS,3R,5R) describes the relative orientation of the
bonds associated with the bicyclic ring system that
are depicted as solid and dashed wedges. The compound
is alternatively denoted as JV-[(3-
endo)-8-[2-hydroxy-3-(methanesulfonyl-methyl-amino)pro
pyl]-8-azabicyclo[3 .2. 1]oct-3-
yl]-l-(l-methylethyl)-2-oxo-l,2-dihydro-3-quinolinecar
boxamide. Ih all of the compounds of the invention
depicted above, the quinolinone-carboxamide is endo to
the azabicyclooctane group. Particular mention may be
made of the following compounds
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l ,3i?,5i )-8-[2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3 .2. 1]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(lS,3R,5R)-&-[2-
hydroxy-3-(methanesulfonylamino)propyl]-8-azabicyclo[3
.2. 1]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(15',3i?,5i?)-8-[(i?)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3.2.1]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(lS,3R,5R)-&-[(S)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3.2.1]oct-3-yl}amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l S",3i?,5i?)-8-[3-
(acetyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3.
2.1]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l<S,3i?,5i?)-8-[3-
(formyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3
.2. 1]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(15',3i?,5i?)-8-[(i?)-3-
(acetyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3
.2. 1]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l S,3i?,5i?)-8-[(i?)-3-
(formyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3.
2.1]oct-3-yl}amide; and
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(15',3i-,5i?)-8-[(i?)-2-
hydroxy-3-(methanesulfonylamino)propyl]-8-azabicyclo[3
.2.1]oct-3-yl} amide. 



As exemplified by particular compounds listed above,
the compounds of the invention may contain a cliiral
center, specifically, at the carbon atom in formulas
(I) or (II) bearing the substituent -OR3. Accordingly,
the invention includes racemic mixtures, pure
stereoisomers, and stereoisomer-enriched mixtures of
such isomers, unless otherwiseindicated. When a
particular stereoisomer is shown, it will be
understood by those skilled in the art, that minor
amounts of other stereoisomers may be present in the
compositions of the inyention unless otherwise
indicated, provided that any utility of the
composition as a whole is not eliminated by the
presence of such other isomers. Definitions When
describing the compounds, compositions and methods of
the invention, the following terms have the following
meanings, unless otherwise indicated. The term "alkyl"
means a monovalent saturated hydrocarbon group which
may be linear or branched or combinations thereof.
Unless otherwise defined, such alkyl groups typically
contain from 1 to 10 carbon atoms. Representative
alkyl groups include, byway of example, methyl, ethyl,
n-propyl ( -Pr), isopropyl (z-Pr), -butyl (n-Bu),
sec-butyl, isobutyl, ert-butyl, ra-pentyl, n-hexyl,
/z-heptyl, n-octyl, n-nonyl, n-decyl and the like. The
term "alkylenyl" means a divalent saturated
hydrocarbon group which may be linear or branched or
combinations thereof. Unless otherwise defined, such
alkylenyl groups typically contain from 1 to 10 carbon
atoms. Representative alkylenyl groups include, byway
of example, methylene, ethylene, ^-propylene,
-butylene, propane -1,2- diyl (1-methylethylene),
2-methylpropane-l,2-diyl (1,1-dimethylethylene) and
the like. The term "alkoxy" means a monovalent group
-O-alkyl, where alkyl is defined as above.
Representative alkoxy groups include, by way of
example, methoxy, ethoxy, propoxy, butoxy, and the
like. The term "cycloalkyl" means a monovalent
saturated carbocyclic group which may be monocyclic or
multicyclic. Unless otherwise defined, such cycloalkyl
groups typically contain from 3 to 10 carbon atoms.
Representative cycloalkyl groups include, by way of
example, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, and the like. The
term "halo" means fluoro, chloro, bromo or iodo. The
term "compound" means a compound that was
synthetically prepared or prepared in any other way,
such as by metabolism. The term "therapeutically
effective amount" means an amount sufficient to effect
treatment when administered to a patient in need of
treatment. The term "treatment" as used herein means
the treatment of a disease, disorder, or medical
condition in a patient, such as a mammal (particularly
a human) which includes:(a) preventing the disease,
disorder, or medical condition from occurring, i.e.,
prophylactic treatment of a patient; (b) ameliorating
the disease, disorder, or medical condition, i.e.,
eliminating or causing regression of the disease,
disorder, or medical condition in a patient; (c)
suppressing the disease, disorder, or medical
condition, i.e., slowing or arresting the development
of the disease, disorder, or medical condition in a
patient; or 



(d) alleviating the symptoms of the disease, disorder,
or medical condition in a patient. The term
"pharmaceutically-acceptable salt" means a salt
prepared from an acid or base which is acceptable for
administration to a patient, such as a mammal. Such
salts can be derived from pharmaceutically-acceptable
inorganic or organic acids and from
pharmaceutically-acceptable bases. Typically,
pharmaceutically-acceptable salts of compounds of the
present invention are prepared from acids. Salts
derived from pharmaceutically-acceptable acids
include, but are not limited to, acetic, adipic,
benzenesulfonic, benzoic, camphorsulfonic, citric,
ethanesulfonic, fumaric, gluconic, glutamic,
hydrobromic, hydrochloric, lactic, maleic, malic,
mandelic, methanesulfonic, mucic, nitric, pantothenic,
phosphoric, succinic, sulfuric, tartaric,
p-toluenesulfonic, xinafoic (l-hydroxy-2-naphthoic
acid), naphthalene-l,5-disulfonic acid and the like.
The term "solvate" means a complex or aggregate formed
by one or more molecules of a solute, i.e. a compound
of the invention or a pharmaceutically-acceptable salt
thereof, and one or more molecules of a solvent. Such
solvates are typically crystalline solids having a
substantially fixed molar ratio of solute and solvent.
Representative solvents include byway of example,
water, methanol, ethanol, isopropanol, acetic acid,
and the like. When the solvent is water, the solvate
formed is a hydrate. It will be appreciated that the
term "or a pharmaceutically-acceptable salt or solvate
of stereoisomer thereof is intended to include all
permutations of salts, solvates and stereoisomers,
such as a solvate of a pharmaceutically-acceptable
salt of a stereoisomer of a compound of formula
(T).The term "amino-protecting group" means a
protecting group suitable for preventing undesired
reactions at an amino nitrogen. Representative
amino-protecting groups include, but are not limited
to, formyl; acyl groups, for example alkanoyl groups,
such as acetyl; alkoxycarbonyl groups, such as r
-butoxycarbonyl (Boc); arylmethoxycarbonyl groups,
such as benzyloxycarbonyl (Cbz) and
9-fluorenyhnethoxycarbonyl (Fmoc); arylmethyl groups,
such as benzyl (Bn), trityl (Tr), and
l,l-di-(4'-methoxyphenyl)methyl; silyl groups, such as
trimethylsilyl (TMS) and tertbutyldimethylsilyl
(TBDMS); and the like. General Synthetic Procedures
Compounds of the invention can be prepared from
readily available starting materials using the
following general methods and procedures. Although a
particular aspect of the present invention is
illustrated in the schemes below, those skilled in the
art will recognize that all aspects of the present
invention can be prepared using the methods described
herein or by using other methods, reagents and
starting materials known to those skilled in the art.
It will also be appreciated that where typical or
preferred process conditions (i.e., reaction
temperatures, times, mole ratios of reactants,
solvents, pressures, etc.) are given, other process
conditions can also be used unless otherwise stated.
Optimum reaction conditions may vary with the
particular reactants or solvent used, but such
conditions can be determined by one skilled in the art
by routine optimization 



procedures. Additionally, as will be apparent to those
skilled in the art, conventional protecting groups may
be necessary to prevent certain functional groups from
undergoing undesired reactions. The choice of a
suitable protecting group for a particular functional
group, as well as suitable conditions for protection
and deprotection, are well known in the art. For
example, numerous protecting groups, and their
introduction and removal, are described in T.W. Greene
and G.M. Wuts, Protecting Groups in Organic Synthesis,
Third Edition, Wiley, New York, 1999, and references
cited therein. In one method of synthesis, compounds
of formula (I) are prepared as illustrated in Scheme
A. (The substituents and variables shown in the
following schemes have the definitions provided above
unless otherwise indicated).Scheme A In Scheme A, L
represents a leaving group such as chloro, bromo,
iodo, or ethoxy, or the reagent L-R4 is the carboxylic
acid HO-C(O)R7, i.e. L formally represents hydroxy.
Optimal reaction conditions for the reaction of Scheme
A may vary depending on the chemical properties of the
reagent L-R4, as is well known to those skilled in the
art. For example, when L is a halo leaving group, such
as chloro, the reaction is typically conducted by
contacting intermediate (IH) with between about 1 and
about 4 equivalents of a compound of formula L-R4 in
an inert diluent, such as dichloromethane, in the
presence of an excess of base, for example between
about 3 and about 6 equivalents, of base, such as ,
-diisopropylethylamine or
l,8-diazabicyclo[5.4.0]undec- 7-ene (DBU). Suitable
inert diluents also include -dimethylformamide,
trichloromethane, 1,1,2,2-tetrachloroethane,
tetrahydrofuran, and the like. The reaction is
typically conducted at a temperature in the range of
about -100 0C to about 30 0C for about a quarter hour
to about 2 hours, or until the reaction is
substantially complete. Exemplary reagents L-R4 in
which L is chloro include methanesulfonylchloride and
acetylchloride. When the reagent L-R4 is a carboxylic
acid, Scheme A represents an amide coupling reaction
which is typically conducted by contacting
intermediate (IE) with between about 1 and about 4
equivalents of a compound of a carboxylic acid L-R4 in
an inert diluent, for example, N,7V-dimethylformamide,
in the presence of a coupling agent such as
benzotriazol-1-yloxytripyrrolidino-phosphonium
hexafluorophosphate (PyBop). The reaction is typically
conducted at ambient temperature, for about a quarter
hour to about 2 hours, or until the reaction is
substantially complete. Suitable alternative coupling
agents include 1,3 dicyclohexylcarbodiimide (DCC),
l-(3- dimethylaminopropyl)-3-ethylcarbodiimide (EDC),
and PyBop combined with 1-hydroxy- 7-azabenzotriazole
(HOAt). The amide coupling of intermediate (IG) with
the carboxylic acid L-R4 alternatively can be
performed by converting L-R4 to an activated ester,
such as an-hydroxy succinimide (NHS) ester or
ap-nitrophenyl ester, or an acid imidazole, which is
then reacted with intermediate (HI). Alternatively,
when the reagent L-R4 is a liquid, for example ethyl
formate, the reaction can be performed by dissolving
(TTT) in a large excess of the reagent L-R4, and
heating to a temperature of between about 50 0C and
about 100 0C for about 12 to about 



24 hours. The product of formula (T) is isolated and
purified by conventional procedures. For example, the
product can be concentrated to dryness under reduced
pressure, taken up in an aqueous weak acid solution
and purified by HPLC chromatography. Alternatively,
compounds of formula (T) can be prepared by
iV-alkylating a compound of formula (T) in which R2 is
hydrogen, which can be prepared according to Scheme A.
The JV-alkylation reaction is typically conducted by
contacting a compound of formula (I) in which R2 is
hydrogen with between about 1 and about 4 equivalents
of a compound of the formula L'-R2 in which L' is a
leaving group such as iodo or bromo. This reaction is
typically conducted in a polar aprotic solvent such as
dimethylformamide in the presence of between about 2
and about 4 equivalents of strong base, such as
potassium r -butoxide. Typically, the reaction is
performed at a temperature of between about 60 0C and
about 100 C for between about 6 and about 24 hours, or
until the reaction is substantially complete. In yet
another alternative, compounds of formula (I) in which
R1 is other than hydrogen are prepared by conventional
processes from compounds of formula (T) in which R1 is
hydrogen. Intermediates of formula (TTT) are prepared
from readily available starting materials. For
example, when the carbon bearing the substituent-OR3
is not chiral, an intermediate of formula (TTT) is
prepared by the procedure illustrated in Scheme
B.where L1independently represents a halo leaving
group such as bromo, chloro, or iodo. A
negatively-charged counterion is also present
associated with the positively-charged intermediate
(V) or (V). First, an intermediate of formula (IV) is
reacted with an oxirane compound, for example,
2-bromomethyloxirane (commonly, epibromohydrin) to
form an azetidine salt of formula (V). This reaction
is typically conducted by contacting (IV) with between
about 2 and about 4 equivalents of
2-bromomethyloxirane in a polar diluent, such as
ethanol. The reaction is typically conducted at
ambient temperature for between about 24 and about 48
hours or until the reaction is substantially complete.
It will be understood that in the process of Scheme B
and in other processes described below using
intermediate (TV), intermediate (IV) can be supplied
in the form of the freebase or in a salt form, with
appropriate adjusment of reaction conditions, as
necessary, as known to those skilled in the art. An
intermediate of formula (V), in which R3 is C1-3alkyl,
can be prepared by contacting intermediate (V) with
from slightly less than one equivalent to about
oneequivalent of a compound of formula L'-R3, where R3
is C1-3alkyl, in an inert diluent in the presence of
between about 1 and about 3 equivalents of a strong
base, such as potassium r -butoxide or sodium hydride.
The reaction is typically conducted at ambient
temperature for between about a quarter hour to an
hour, or until the reaction is substantially complete.
Suitable inert diluents include dichloromethane,
trichloromethane, 1,1,2,2-tetrachloroethane, and the
like. Next, the azetidine intermediate (V) or (V) is
reacted with an amine of the formula H2NR5 to provide
the intermediate (JS). Typically, the azetidine
intermediate is dissolved in an inert diluent, such as
ethanol, and contacted with between about 1 and 



about 8 equivalents of the amine H2NR5. For example,
when the amine H2NR5 is a volatile reagent, such as
methylamine, preferably, between about 5 and about 7
equivalents of the amine are used. The reaction is
typically conducted at a temperature of between about
50 0C and about 100 0C for between about 12 and about
24 hours or until the reaction is substantially
complete. An intermediate of formula (IH) in which R5
is hydrogen, can be prepared from the azetidine
intermediate (V) or (V) using ammonium formate in
place of ammonia, i.e. in place of the reagent H NR5
indicated in Scheme B. Alternatively, to prepare
intermediate (JS) where R5 is hydrogen, the azetidine
ring of (V) or (V) can be opened by reaction with an
azide, such as sodium azide, which is then followed by
a reduction reaction to provide intermediate (JS), or
the ring can be opened by reaction with ammonium
hydroxide. As described in detail in Example 4a, when
R3 and R5 are hydrogen and the carbon bearing the
substituent-OR3 is not chiral, an intermediate of
formula (JS) can be prepared by reacting intermediate
(IV) with an oxiranylmethyl compound having a
protected nitrogen atom and then deprotecting. One
useful reagent is 2-oxiranylmethylisoindole-
l,3-dione, commonly epoxypropylphthalimide, which is
reacted with intermediate (IV) to form an intermediate
in which a phthalimidyl-substituted 2-hydroxy propyl
group:is joined to the nitrogen of the
azabicylcooctane ring of formula (IV). The
phthalimidyl group is then removed by refluxing in
hydrazine to form an intermediate of formula (IH) in
which R3 and R5 are hydrogen. An intermediate of
formula (TJI) in which R3 and R5 are hydrogen can also
be prepared by reaction of the azetidine (V) with the
anion of phthalimide and subsequent treatment with
hydrazine. hi an alternative method of synthesis, an
intermediate of formula (IH) in which R is hydrogen,
can be prepared by reaction of intermediate (IV) with
a protected intermediate (VI): (VI) followed by a
deprotection step. In formula (VI), P1 is an
amino-protecting group, L' is a halo leaving group,
and the asterisk denotes a chiral center. The process
utilizing an intermediate of formula (VI) is useful
for preparing forms of intermediate (IH) in which the
stereochemistry at the center marked by the aserisk is
specifically (R) or (S) as well as for preparing
non-chiral forms of intermediate (IH). Typically,
intermediate (IV) is contacted with between about 1
and about 2 equivalents of intermediate (VI) in a
polar diluent, such as methanol, in the presence of
more than one equivalent of a base, such as ,
-diisopropylethylamine. The reaction is typically
conducted at a temperature of between about 60 0C and
about 100 0C for between about 12 and about 24 hours,
or until the reaction is substantially complete. The
protecting group P1 is removed by standard procedures
to provide an intermediate of formula (IH). A useful
protecting group P 1 is Boc, which is typically
removed by treatment with an acid, such as
trifluoroacetic acid. hi yet another alternative
process for the preparation of intermediate (IH), 



intermediate (VI) can first b e converted to a
cyclized form (VH): (VH) before reaction with
intermediate (IV) to provide intermediate (IH).
Intermediate (VH) is typically prepared by dissolving
intermediate (VI) in an inert diluent, for example,
tetrahydrofuran, in the presence of base, for example
sodium hydroxide. The reaction of(VTI) with (IV) to
provide intermediate (HI) is typically performed by
contacting intermediate (IV) with between about 1 and
about 4 equivalents of intermediate (VH) in a polar
diluent, such as methanol. The reaction is typically
conducted at a temperature of between about 60 0C to
about 100 0C for between about 1 and about 4 hours, or
until the reaction is substantially complete. The
protecting group P1 is removed by standard procedures
to provide an intermediate of formula (TH). The
protected intermediate (VI) can be prepared from an
oxirane as illustrated in Scheme C for the particular
example of forming a Boc-protected chiral intermediate
(VI') using a chiral oxirane. The reaction is equally
useful for the preparation of non-chiral compounds of
formula (VI). Scheme C (VI 1) As shown in Scheme C, a
benzylamine 2 is contacted with at least one
equivalent of a chiral oxirane 1 in a non-polar
diluent such as hexane or toluene to form the
2-hydroxypropylamine 3. The reaction is typically
conducted at room temperature for between about 12 and
about 24 hours, or until the reaction is substantially
complete. The intermediate 3 is typically reacted with
a slight excess of di-t r -butyl dicarbonate (commonly
(Boc)2O), for example, about 1.1 equivalents, under a
hydrogen atmosphere in the presence of a transition
metal catalyst to provide the Boc protected
intermediate (VT). The reaction is typically conducted
at ambient temperature for between about 8 to about 24
hours. A process for preparing intermediates of
formula (IV) is shown in Scheme D. Scheme DThe
protected aminoazabicyclooctane, or commonly,
aminotropane 5 is first reacted with the substituted
quinolinone carboxylic acid (VET). Typically, this
reaction is conducted by first converting (VXH) to an
acid chloride by contacting (VIII) with at least one
equivalent, preferably between about 1 and about 2
equivalents of an activating agent, such as thionyl
chloride or oxalyl chloride in an aromatic diluent,
such as toluene, benzene, xylene, or the like. The
reaction is typically conducted at a temperature
ranging from about 80 0C to about 120 0C for about 15
minutes to about 4 hours, or until the reaction is
substantially complete. The acid chloride solution is
typically added to a biphasic mixture of about 1
equivalent of the aminotropane 5 to form a protected
intermediate, which is extracted by standard
procedures. The biphasic mixture of 5 is generally
prepared by dissolving 5 in an aromatic diluent, such
as used above, and adding an aqueous solution
containing an excess of base, such as sodium hydroxide
or potassium hydroxide, preferably about 2 to 5
equivalents of base. Alternatively, the amide coupling
of intermediate 5 with the carboxylic acid (VHt) can
be performed in the presence of a coupling agent such
as 1,3 



dicyclohexylcarbodiimide (DCC),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC),
or benzotriazol-1-yloxytripyrrolidino-phosphonium
hexafluorophosphate (PyBop), optionally combined with
l-hydroxy-7-azabenzotriazole (HOAt), as described
above for the amide coupling of intermediate (HT) with
a carboxylic acid. In yet another alternative, the
amide coupling of intermediate 5 with the carboxylic
acid (VTfl) can be performed by converting (VTfl) to
an activated ester, also described above. The
protecting group P1 is removed by standard procedures
to provide an intermediate of formula (IV). For
example when the protecting group is Boc, typically
removal is by treatment with an acid, such as
trifluoroacetic acid, providing the acid salt of the
intermediate. The acid salt of intermediate (TV) can
be converted to the free base, if desired, by
conventional treatment with base. The protecting group
Cbz, for another example, is conveniently removed by
hydrogenolysis over a suitable metal catalyst such as
palladium on carbon. The protected aminotropane 5
employed in the reactions described in this
application is prepared from readily available
starting materials. For example, when the protecting
group P1 is Boc, the protected aminotropane 5' is
prepared by the procedure illustrated in Scheme
E.Scheme E a 5 As described in detail in Example I a
below, to prepare the protected intermediate 5',
first, 2,5-dimethoxy tetrahydrofuran 6 is contacted
with between about 1 and 2 equivalents, preferably
about 1.5 equivalents of benzyl amine and a slight
excess, for example about 1.1 equivalents, of
1,3-acetonedicarboxylic acid 7 in an acidic aqueous
solution in the presence of a buffering agent such as
sodium hydrogen phosphate. The reaction mixture is
heated to between about 60 and about 100 0C to ensure
decarboxylation of any carboxylated intermediates in
the product, 8-benzyl-8- azabicyclo[3.2.1]octan-3-one
8, commonly iV-benzyltropanone. The intermediate 8 is
typically reacted with a slight excess of di-
ert-butyl dicarbonate (commonly (Boc)2O), for example,
about 1.1 equivalents, under a hydrogen atmosphere in
the presence of a transition metal catalyst to provide
the Boc protected intermediate 9,
3-oxo-8-azabicyclo[3.2.1]octane-8-carboxylic acid t
t-butyl ester. The reaction is typically conducted at
ambient temperature for about 12 to about 72 hours.
Finally, intermediate 9 is contacted with a large
excess, for example at least about 25 equivalents, of
ammonium formate in an inert diluent, such as
methanol, in the presence of a transition metal
catalyst to provide the product 5'in the endo
configuration with high stereospecificity, for example
endo to exo ratio of >99:1. The reaction is typically
conducted at ambient temperature for about 12 to about
72 hours or until the reaction is substantially
complete. It is advantageous to add the ammonium
formate reagent in portions. For example, intermediate
9 is contacted with an initial portion of ammonium
formate of about 15 to about 25 equivalents. After an
interval of about 12 to about 36 hours, an additional
portion of about 5 to about 10 equivalents of ammonium
formate is added. The subsequent addition can be
repeated after a similar interval. The product 5' can
be purified by conventional procedures, such as
alkaline extraction.In an alternative method of
synthesis, compounds of formula (I) are prepared by 



coupling the substituted quinolinone carboxylic acid
(VET) with an intermediate of formula (IX) as
illustrated in Scheme F. Scheme F The reaction of
Scheme F is typically conducted under the amide
coupling conditions described above for the reaction
of the carboxylic acid (VET) with intermediate 5.
Intermediates of formula (IX) can be prepared by
deprotecting an intermediate of formula (X): (X) where
P2 represents an amino-protecting group. Intermediates
of formula (X) can be prepared from readily available
starting materials using procedures analogous to the
alkylation and other reactions described above and/or
using alternative reactions well known to those
skilled in the art. For example, intermediate (X) can
be prepared using an intermediate 10 ,Z_>-NH P2- NslHH
Y 10 which may be formed by protecting the amino
nitrogen of the aminoazobicyclooctane 5 with
amino-protecting group P2 and then removing P1 from
the nitrogen of the azabicyclooctane group. Protecting
groups P1 and P2 are chosen such that they are removed
under different conditions. For example when P1 is
chosen as Boc, then Cbz can be used as P2.
Substituting the protected aminotropane 10 for
intermediate (IV) in the reactions described above for
the preparation of intermediate (IH) provides
intermediates of formula (X).In yet another method of
synthesis, compounds of formula (T) in which R3 is
hydrogen, represented below as formula (T), can be
prepared as illustrated in Scheme G. Scheme G
Intermediate (XT) may contain a chiral center, as
shown explicitly for the protected oxirane
intermediate (VII). Typically, intermediate (IV) is
contacted with between about 1 and about 2 equivalents
of the oxirane intermediate (XT) in a polar diluent,
such as ethanol to form the product (T). Intermediate
(IV) can be supplied in salt form in which case a
slight molar excess of alkaline base is included in
the reaction mixture prior to the addition of the
oxirane. The reaction is typically conducted at a
temperature of about 60 0C to about 100 0C for between
about 1 and about 3 hours, or until the reaction is
substantially complete. The product can be isolated by
crystallization from an inert diluent as the free base
or as an acid salt. Intermediates of formula (XI) can
be prepared by reaction of the oxirane intermediate 1,
illustrated in Scheme C, with the secondary amine
HNR4R5. Typically, an aqueous solution of the amine
HNR4R5 containing about 1 equivalent of abase, such as
sodium hydroxide, lithium hydroxide, cesium hydroxide,
or potassium hydroxide, is contacted with between
about 1.5 and about 2.5 equivalents of the oxirane
intermediate 1. The reaction is typically conducted at
a temperature of between about 0 0C and about 10 0C
for between about 12 and about 30 hours, or until the
reaction is substantially 



complete. The quinolinone carboxylic acid (VTTT) is
readily prepared by procedures similar to those
reported in the literature in Suzuki et al,
Heterocycles, 2000, 55, 2471-2485 and described in the
examples below. The reagents L1-R L'-R L- R4, H2NR ,
and HNR4t R>5 are available commercially or are
readily prepared by standard procedures from common
starting materials.Further details regarding specific
reaction conditions and other procedures for preparing
representative compounds of the invention or
intermediates thereto are described in the examples
below. Accordingly, in a method aspect, the invention
provides a process for preparing a compound of formula
(T), or a salt or stereoisomer thereof, the process
comprising: (a) reacting a compound of formula (JS): m
with compound of the formula L-R wherein L is a
leaving group, or L-R represents HO-C(O)R 7; or (b)
reacting a compound of formula (VTS): (VHQ with a
compound of formula (IX): (IX) to provide a compound
of formula (I), or a salt or stereoisomer thereof. The
invention further provides a compound of formula (EI),
or a salt or stereoisomer or protected derivative
thereof, wherein R1, R2, R3, and R5 are defined as in
formula (T). In an additional method aspect, the
invention provides a process for preparing a compound
of formula (T) wherein R1, R2, R4, and R5 are defined
as in formula (T), or a salt or stereoisomer thereof,
the process comprising reacting a compound of formula
(IV):(IV) or a salt thereof with a compound of formula
(XI): (XI) to provide a compound of formula (I1) or a
salt or stereoisomer thereof. Pharmaceutical
Compositions The quinolinone-carboxamide compounds of
the invention are typically administered to a patient
in the form of a pharmaceutical composition. Such
pharmaceutical compositions may be administered to the
patient by any acceptable route of administration
including, but not limited to, oral, rectal, vaginal,
nasal, inhaled, topical (including transdermal) and
parenteral modes of administration. Accordingly, in
one of its compositions aspects, the invention is
directed to a pharmaceutical composition comprising a
pharmaceutically-acceptable carrier or excipient and a
therapeutically effective amount of a compound of
formula (T) or a pharmaceutically acceptable salt
thereof. Optionally, such pharmaceutical compositions
may contain other therapeutic and/or formulating
agents if desired. The pharmaceutical compositions of
the invention typically contain a 



therapeutically effective amount of a compound of the
present invention or a pharmaceutically-acceptable
salt thereof. Typically, such pharmaceutical
compositions will contain from about 0.1 to about 95%
by weight of the active agent; preferably, from about
5 to about 70% by weight; and more preferably from
about 10 to about 60% by weight of the active agent.
Any conventional carrier or excipient may be used in
the pharmaceutical compositions of the invention. The
choice of a particular carrier or excipient, or
combinations of carriers or excipients, will depend on
the mode of administration being used to treat a
particular patient or type of medical condition or
disease state. In thisregard, the preparation of a
suitable pharmaceutical composition for a particular
mode of administration is well within the scope of
those skilled in the pharmaceutical arts.
Additionally, the ingredients for such compositions
are commercially-available from, for example, Sigma,
P.O. Box 14508, St. Louis, MO 63178. Byway of further
illustration, conventional formulation techniques are
described in Remington: Hie Science and Practice of
Pharmacy, 20th Edition, Lippincott Williams & White,
Baltimore, Maryland (2000); andH.C. Ansel et al.,
Pharmaceutical Dosage Forms and Drug Delivery Systems,
7th Edition, Lippincott Williams & White, Baltimore,
Maryland (1999). Representative examples of materials
which can serve as pharmaceutically acceptable
carriers include, but are not limited to, the
following: (1) sugars, such as lactose, glucose and
sucrose; (2) starches, such as corn starch and potato
starch; (3) cellulose, such as microcrystalline
cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; (4) powdered tragacanth; (5) malt; (6)
gelatin; (7) talc; (8) excipients, such as cocoa
butter and suppository waxes; (9) oils, such as peanut
oil, cottonseed oil, safflower oil, sesame oil, olive
oil, corn oil and soybean oil; (10) glycols, such as
propylene glycol; (11) polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; (12)
esters, such as ethyl oleate and ethyl laurate; (13)
agar; (14) buffering agents, such as magnesium
hydroxide and aluminum hydroxide; (15) alginic acid;
(16) pyrogen-free water; (17) isotonic saline; (18)
Ringer's solution; (19) ethyl alcohol; (20) phosphate
buffer solutions; and (21) other non-toxic compatible
substances employed in pharmaceutical compositions.
The pharmaceutical compositions of the invention are
typically prepared by thoroughly and intimately mixing
or blending a compound of the invention with a
pharmaceutically-acceptable carrier and one or more
optional ingredients. If necessary or desired, the
resulting uniformly blended mixture can then be shaped
or loaded into tablets, capsules, pills and the like
using conventional procedures and equipment. The
pharmaceutical compositions of the invention are
preferably packaged in a unit dosage form. The term
"unit dosage form" refers to a physically discrete
unit suitable for dosing a patient, i.e., each unit
containing a predetermined quantity of active agent
calculated to produce the desired therapeutic effect
either alone or in combination with one or more
additional units. For example, such unit dosage forms
maybe capsules, tablets, pills, and the like.In a
preferred embodiment, the pharmaceutical compositions
of the invention are suitable for oral administration.
Suitable pharmaceutical compositions for oral
administration maybe in the form of capsules, tablets,
pills, lozenges, cachets, dragees, 



powders, granules; or as a solution or a suspension in
an aqueous or non-aqueous liquid; or as an
oil-in-water or water-in-oil liquid emulsion; or as an
elixir or syrup; and the like; each containing a
predetermined amount of a compound of the present
invention as an active ingredient. When intended for
oral administration in a solid dosage form (i.e., as
capsules, tablets, pills and the like), the
pharmaceutical compositions of the invention will
typically comprise a compound of the present invention
as the active ingredient and one or more
pharmaceutically-acceptable carriers, such as sodium
citrate or dicalcium phosphate. Optionally or
alternatively, such solid dosage forms may also
comprise: (1) fillers or extenders, such as starches,
microcrystalline cellulose, lactose, sucrose, glucose,
mannitol, and/or silicic acid; (2) binders, such as
carboxymethylcellulose, alginates, gelatin, polyvinyl
pyrrolidone, sucrose and/or acacia; (3) humectants,
such as glycerol; (4) disintegrating agents, such as
agar-agar, calcium carbonate, potato or tapioca
starch, alginic acid, certain silicates, and/or sodium
carbonate; (5) solution retarding agents, such as
paraffin; (6) absorption accelerators, such as
quaternary ammonium compounds; (7) wetting agents,
such as cetyl alcohol and/or glycerol monostearate;
(8) absorbents, such as kaolin and/or bentonite clay;
(9) lubricants, such as talc, calcium stearate,
magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and/or mixtures thereof; (10) coloring
agents; and ( 11) buffering agents. Release agents,
wetting agents, coating agents, sweetening, flavoring
and perfuming agents, preservatives and antioxidants
can also be present in the pharmaceutical compositions
of the invention. Examples of
pharmaceutically-acceptable antioxidants include: (1)
water-soluble antioxidants, such as ascorbic acid,
cysteine hydrochloride, sodium bisulfate, sodium
metabisulfate sodium sulfite and the like; (2)
oilsoluble antioxidants, such as ascorbyl palmitate,
butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), lecithin, propyl gallate,
alpha-tocopherol, and the like; and (3)
metal-chelating agents, such as citric acid,
ethylenediamine tetraacetic acid (EDTA), sorbitol,
tartaric acid, phosphoric acid, and the like. Coating
agents for tablets, capsules, pills and like, include
those used for enteric coatings, such as cellulose
acetate phthalate (CAP), polyvinyl acetate phthalate
(PVAP), hydroxypropyl methylcellulosephthalate,
methacrylic acid-methacrylic acid ester copolymers,
cellulose acetate trimellitate (CAT), carboxymethyl
ethyl cellulose (CMEC), hydroxypropyl methyl cellulose
acetate succinate (HPMCAS), and the like. If desired,
the pharmaceutical compositions of the present
invention may also be formulated to provide slow or
controlled release of the active ingredient using, by
way of example, hydroxypropyl methyl cellulose in
varying proportions; or other polymer matrices,
liposomes and/or microspheres. In addition, the
pharmaceutical compositions of the present invention
may optionally contain opacifying agents and may be
formulated so that they release the active ingredient
only, or preferentially, in a certain portion of the
gastrointestinal tract, optionally, in a delayed
manner. Examples of embedding compositions which can
be used include polymeric substances and waxes. The
active ingredient can also be in micro encapsulated
form, if appropriate, with one or more of the
above-described excipients. 



Suitable liquid dosage forms for oral administration
include, by way of illustration,
pharmaceutically-acceptable emulsions, microemulsions,
solutions, suspensions, syrups and elixirs. Such
liquid dosage forms typically comprise the active
ingredient and an inert diluent, such as, for example,
water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropyl alcohol,
ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, oils
(esp., cottonseed, groundnut, corn, germ, olive,
castor and sesame oils), glycerol, tetrahydrofuryl
alcohol, polyethylene glycols and fatty acid esters of
sorbitan, and mixtures thereof. Suspensions, in
addition to the active ingredient, may contain
suspending agents such as, for example, ethoxylated
isostearyl alcohols, polyoxyethylene sorbitol and
sorbitan esters, microcrystalline cellulose, aluminum
metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof. Alternatively, the
pharmaceutical compositions of the invention are
formulated for administration by inhalation. Suitable
pharmaceutical compositions for administration by
inhalation will typically be in the form of an aerosol
or a powder. Such compositions are generally
administered using well-known delivery devices, such
as a metered-dose inhaler, a dry powder inhaler, a
nebulizer or a similar delivery device. When
administered by inhalation using a pressurized
container, the pharmaceutical compositions of the
invention will typically comprise the active
ingredientand a suitable propellant, such as
dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other
suitable gas. Additionally, the pharmaceutical
composition may be in the form of a capsule or
cartridge (made, for example, from gelatin) comprising
a compound of the invention and a powder suitable for
use in a powder inhaler. Suitable powder bases
include, by way of example, lactose or starch. The
compounds of the invention can also be administered
transdermally using known transdermal delivery systems
and excipients. For example, a compound of the
invention can be admixed with permeation enhancers,
such as propylene glycol, polyethylene glycol
monolaurate, azacycloalkan-2-ones and the like, and
incorporated into a patch or similar delivery system.
Additional excipients including gelling agents,
emulsifiers and buffers, maybe used in such
transdermal compositions if desired. The following
formulations illustrate representative pharmaceutical
compositions of the present invention: Formulation
Example A Hard gelatin capsules for oral
administration are prepared as follows: Ingredients
Amount Compound of the invention 50 mg Lactose
(spray-dried) 200 mg Magnesium stearate 10 mg '
Representative Procedure : The ingredients are
thoroughly blended and then loaded into a hard gelatin
capsule (260 mg of composition per
capsule).Formulation Example B Hard gelatin capsules
for oral administration are prepared as follows: 



Ingredients Amount Compound of the invention 20 mg
Starch 89 mg Microcrystalline cellulose 89 mg
Magnesium stearate 2 mg Representative Procedure: The
ingredients are thoroughly blended and then passed
through a No. 45 mesh U.S. sieve and loaded into a
hard gelatin capsule (200 mg of composition per
capsule). 5 Formulation Example C Capsules for oral
administration are prepared as follows: Ingredients
Amount 0 . Compound of the invention 10 mg
Polyoxyethylene sorbitan monooleate 50 mg Starch
powder 250 mg 5 Representative Procedure: The
ingredients are thoroughly blended and then loaded
into a gelatin capsule (310 mg of composition per
capsule).Formulation Example D Tablets for oral
administration are prepared as follows: Ingredients
Amount Compound of the invention 5mg Starch 50 mg
Microcrystalline cellulose 35 mg Polyvinylpyrrolidone
( 10 wt. % in water) 4 mg Sodium carboxymethyl starch
4.5 mg Magnesium stearate 0.5 mg Talc 1mg
Representative Procedure: The active ingredient,
starch and cellulose are passed through a No. 45 mesh
U.S. sieve and mixed thoroughly. The solution of
polyvinylpyrrolidone is mixed with the resulting
powders, and this mixture is then passed through a No.
14 mesh U.S. sieve. The granules so produced are dried
at 50-60 0C and passed through a No. 18 mesh U.S.
sieve. The sodium carboxymethyl starch, magnesium
stearate and talc (previously passed through a No. 60
mesh U.S. sieve) are then added to the granules. After
mixing, the mixture is compressed on a tablet machine
to afford a tablet weighing 100 mg. Formulation
Example E Tablets for oral administration are prepared
as follows: Ingredients Amount Compound of the
invention 25 mg Microcrystalline cellulose 400 mg
Silicon dioxide fumed 10 mg 



Stearic acid 5 mg Representative Procedure: The
ingredients are thoroughly blended and then compressed
to form tablets (440 mg of composition per
tablet).Formulation Example F Single-scored tablets
for oral administration are prepared as follows:
Ingredients Amount Compound of the invention 15 mg
Cornstarch 50 mg Croscarmellose sodium 25 mg Lactose
120 mg Magnesium stearate 5 mg Representative
Procedure : The ingredients are thoroughly blended and
compressed to form a single-scored tablet (215 mg of
compositions per tablet). Formulation Example G A
suspension for oral administration is prepared as
follows: Ingredients Amount Compound of the invention
0.1 g Fumaric acid 0.5 g Sodium chloride 2.0 g Methyl
paraben 0.15 g Propyl paraben 0.05 g Granulated sugar
25.5 g Sorbitol (70% solution) 12.85 g Veegum k
(Vanderbilt Co.) 1.0 g Flavoring 0.035 mL Colorings
0.5 mg Distilled water q.s. to 100 mL Representative
Procedure : The ingredients are mixed to form a
suspension containing 10 mg of active ingredient per
10 mL of suspension.Formulation Example H A dry powder
for administration by inhalation is prepared as
follows: Compound of the invention 1.0 mg Lactose 25
mg 10 Representative Procedure : The active ingredient
is micronized and then blended with lactose. This
blended mixture is then loaded into a gelatin
inhalation cartridge. The contents of the cartridge
are administered using a powder inhaler. 15
Formulation Example I A dry powder for administration
by inhalation in a metered dose inhaler is prepared as
follows: Representative Procedure : A suspension
containing 5 wt. % of a compound of the invention and
0.1 wt. % lecithin is prepared by dispersing 1O g of
active 20 compound as micronized particles with mean
size less than 10 mm in a solution formed from 0.2 g
of lecithin dissolved in 200 mL of demineralized
water. The 



suspension is spray dried and the resulting material
is micronized to particles having a mean diameter less
than 1.5 mm. The particles are loaded into cartridges
with pressurized 1,1,1 ,2-tetrafluoroethane. 25
Formulation Example J An injectable formulation is
prepared as follows: Sodium acetate buffer solution
(0.4 M) 40 mL HCl (0.5 N) or NaOH (0.5 N) q.s. to pH 4
Water (distilled, sterile) q.s. to 20 mL
Representative Procedure : The above ingredients are
blended and the pH is adjusted to 4  0.5 using 0.5 N
HCl or 0.5 N NaOH. 40Formulation Example K Capsules
for oral administration are prepared as follows:
Ingredients Amount Compound of the Invention 4.05 mg
Microcrystalline cellulose (Avicel PH 103) 259.2 mg
Magnesium stearate 0.75 mg Representative Procedure :
The ingredients are thoroughly blended and then loaded
into a gelatin capsule (Size #1, White, Opaque) (264
mg of composition per capsule). Formulation Example L
Capsules for oral administration are prepared as
follows: Ingredients Amount Compound of the Invention
8.2 mg Microcrystalline cellulose (Avicel PH 103)
139.05 mg Magnesium stearate 0.75 mg Representative
Procedure : The ingredients are thoroughly blended and
then loaded into a gelatin capsule (Size #1, White,
Opaque) (148 mg of composition per capsule). It will
be understood that any form of the compounds of the
invention, (i.e. free base, pharmaceutical salt, or
solvate) that is suitable for the particular mode of
administration, can be used in the pharmaceutical
compositions discussed above. Utility The
quinolinone-carboxamide compounds of the invention are
5-HT4 receptor agonists and therefore are expected to
be useful for treating medical conditions mediated by
5-HT4 receptors or associated with 5-HT4 receptor
activity, i.e. medical conditions which are
ameliorated by treatment with a 5-HT4 receptor
agonist. Such medical conditions include, but are not
limited to, irritable bowel syndrome (IBS), chronic
constipation, functional dyspepsia, delayed gastric
emptying, gastroesophageal reflux disease (GERD),
gastroparesis, post-operative ileus, intestinal
pseudo-obstruction, anddrug-induced delayed transit.
In addition, it has been suggested that some 5-HT4
receptor agonist compounds maybe used in the treatment
of central nervous system disorders including
cognitive disorders, behavioral disorders, mood
disorders, and disorders of 



control of autonomic function. hi particular, the
compounds of the invention increase motility of the
gastrointestinal (GI) tract and thus are expected to
be useful for treating disorders of the GI tract
caused by reduced motility in mammals, including
humans. Such GI motility disorders include, byway of
illustration, chronic constipation,
constipation-predominant irritable bowel syndrome
(C-IBS), diabetic and idiopathic gastroparesis, and
functional dyspepsia. hi one aspect, therefore, the
invention provides a method of increasing motility of
the gastrointestinal tract in a mammal, the method
comprising administering to the mammal a
therapeutically effective amount of a pharmaceutical
composition comprising a pharmaceutically-acceptable
carrier and a compound of the invention. When used to
treat disorders of reduced motility of the GI tract or
other conditions mediated by 5-HT4 receptors, the
compounds of the invention will typically be
administered orally in a single daily dose or in
multiple doses per day, although other forms of
administration may be used. The amount of active agent
administered per dose or the total amount administered
per day will typically be determined by a physician,
in the light of the relevant circumstances, including
the condition to be treated, the chosen route of
administration, the actual compound administered and
its relative activity, the age, weight, and response
of the individual patient, the severity of the
patient's symptoms, and the like. Suitable doses for
treating disorders of reduced motility of the GI tract
or other disorders mediated by 5-HT4 receptors will
range from about 0.0007 to about 20 mg/kg/day of
active agent, including from about 0.0007 to about 1
mg/kg/day. For an average 70 kg human, this would
amount to from about 0.05 to about 70 mg per day of
active agent. hi one aspect of the invention, the
compounds of the invention are used to treat chronic
constipation. When used to treat chronic constipation,
the compounds of the invention will typically be
administered orally in a single daily dose or in
multiple doses per day. Preferably, the dose for
treating chronic constipation will range from about
0.05 to about 70 mg per day.In another aspect of the
invention, the compounds of the invention are used to
treat irritable bowel syndrome. When used to treat
constipation-predominant irritable bowel syndrome, the
compounds of the invention will typically be
administered orally in a single daily dose or in
multiple doses per day. Preferably, the dose for
treating constipationpredominant irritable bowel
syndrome will range from about 0.05 to about 70 mg per
day. In another aspect of the invention, the compounds
of the invention are used to treat diabetic
gastroparesis. When used to treat diabetic
gastroparesis, the compounds of the invention will
typically be administered orally in a single daily
dose or in multiple doses per day. Preferably, the
dose for treating diabetic gastroparesis will range
from about 0.05 to about 70 mg per day. In yet another
aspect of the invention, the compounds of the
invention are used to treat functional dyspepsia. When
used to treat functional dyspepsia, the compounds of
the invention will typically be administered orally in
a single daily dose or in multiple doses 



per day. Preferably, the dose for treating functional
dyspepsia will range from about 0.05 to about 70 mg
per day. The invention also provides a method of
treating a mammal having a disease or condition
associated with 5-HT4 receptor activity, the method
comprising administering to the mammal a
therapeutically effective amount of a compound of the
invention or of a pharmaceutical composition
comprising a compound of the invention. As described
above, compounds of the invention are 5-HT4 receptor
agonists. The invention further provides, therefore, a
method of agonizing a 5-HT4 receptor in a mammal, the
method comprising administering a compound of the
invention to the mammal. In addition, the compounds of
the invention are also useful as research tools for
investigating or studying biological systems or
samples having 5-HT4 receptors, or for discovering new
5-HT4 receptor agonists. Moreover, since compounds of
the invention exhibit binding selectivity for 5-HT4
receptors as compared with binding to receptors of
other 5-HT subtypes, particularly 5-HT3 receptors,
such compounds are particularly useful for studying
the effects of selective agonism of 5-HT4 receptors in
a biological system or sample. Any suitable biological
system or sample having 5-HT4 receptors maybe employed
in such studies which may be conducted either in vitro
or in vivo. Representative biological systems or
samples suitable for such studies include, but are not
limited to, cells, cellular extracts, plasma
membranes, tissue samples, mammals (such as mice,
rats, guinea pigs, rabbits, dogs, pigs, etc.) and the
like.In this aspect of the invention, a biological
system or sample comprising a 5-HT4 receptor is
contacted with a 5-HT4 receptor-agonizing amount of a
compound of the invention. The effects of agonizing
the 5-HT4 receptor are then determined using
conventional procedures and equipment, such as
radioligand binding assays and functional assays. Such
functional assays include ligand-mediated changes in
intracellular cyclic adenosine monophosphate (cAMP),
ligand-mediated changes in activity of the enzyme
adenylyl cyclase (which synthesizes cAMP),
ligand-mediated changes in incorporation of analogs of
guanosine triphosphate (GTP), such as [35S]GTPyS
(guanosine 5'-0-( g-thio)triphosphate) or GTP-Eu, into
isolated membranes via receptor catalyzed exchange of
GTP analogs for GDP analogs, ligand-mediated changes
in free intracellular calcium ions (measured, for
example, with a fluorescence-linked imaging plate
reader or FLIPR(r) from Molecular Devices, Inc.), and
measurement of mitogen activated protein kinase (MAPK)
activation. A compound of the invention may agonize or
increase the activation of 5-HT4 receptors in any of
the functional assays listed above, or assays of a
similar nature. A 5-HT4 receptor-agonizing amount of a
compound of the invention will typically range from
about 1 nanomolar to about 500 nanomolar.
Additionally, the compounds of the invention can be
used as research tools for discovering new 5-HT4
receptor agonists. In this embodiment, 5-HT4 receptor
binding or functional data for a test compound or a
group of test compounds is compared to the 5-HT4
receptor binding or functional data for a compound of
the invention to identify test compounds that have
superior binding or functional activity, if any. This
aspect of the invention includes, as separate
embodiments, both the generation of comparison data
(using the appropriate assays) and the analysis of the
test data to identify test compounds 



of interest. Among other properties, compounds of the
invention have been found to be potent agonists of the
5-HT4 receptor and to exhibit substantial selectivity
for the 5-HT4 receptor subtype over the 5-HT3 receptor
subtype in radioligand binding assays. Further,
compounds of the invention have demonstrated superior
pharmacokinetic properties in a rat model. Compounds
of the invention are thus expected to be highly
bioavailable upon oral administration. In addition,
these compounds have been shown not to exhibit an
unacceptable level of inhibition of the potassium ion
current in an in vitro voltage-clamp model using
isolated whole cells expressing the hERG cardiac
potassium channel. The voltage-clamp assay is an
accepted pre-clinical method of assessing the
potential forpharmaceutical agents to change the
pattern of cardiac repolarization, specifically to
cause, so-called QT prolongation, which has been
associated with cardiac arrhythmia. , (Cavero et al,
Opinion on Pharmacotherapy, 2000, 1, 9 l -13, Fermini
et al, Nature Reviews Drug Discovery, 2003, 2,
439-447) Accordingly, pharmaceutical compositions
comprising compounds of the invention are expected to
have an acceptable cardiac profile. There properties,
as well as the utility of the compounds of the
invention, can be demonstrated using various in vitro
and in vivo assays well-known to those skilled in the
art. Representative assays are described in further
detail in the following examples. EXAMPLES The
following synthetic and biological examples are
offered to illustrate the invention, and are not to be
construed in any way as limiting the scope of the
invention. hi the examples below, the following
abbreviations have the following meanings unless
otherwise indicated. Abbreviations not defined below
have their generally accepted meanings. Boc er
-butoxycarbonyl (BoC)2O = di-ter -butyl dicarbonate
DCM dichloromethane DMF L -dimethylformamide DMSO =
dimethyl sulfoxide EtOAc ethyl acetate mCPBA
m-chlorobenzoic acid MeCN acetonitrile MTBE r -butyl
methyl ether PyBop benzotriazol-
1-yloxytripyrrolidinophosphonium hexafluorophosphate R
f retention factor RT room temperature TFA
trifluoroacetic acid THF tetrahydrofuran Reagents
(including secondary amines) and solvents were
purchased from commercial suppliers (Aldrich, Fluka,
Sigma, etc.), and used without further purification.
Reactions were run under nitrogen atmosphere, unless
noted otherwise. Progress of 



reaction mixtures was monitored by thin layer
chromatography (TLC), analytical high performance
liquid chromatography (anal. HPLC), and mass
spectrometry, the details ofwhich are given below and
separately in specific examples of reactions. Reaction
mixtures were worked up as described specifically in
each reaction; commonly they were purified by
extraction and other purification methods such as
temperature-, and solventdependent crystallization,
and precipitation. In addition, reaction mixtures were
routinely purified by preparative HPLC: a general
protocol is described below. Characterization of
reaction products was routinely carried out by mass
and 1H-NMR spectrometry. For NMR measurement, samples
were dissolved in deuterated solvent (CD3OD, CDCl3, or
DMSO-J6), and 1H-NMR spectra were acquired with a
Varian Gemini 2000 instrument (300 MHz) under standard
observation conditions. Mass spectrometric
identification of compounds was performed by an
electrospray ionization method (ESMS) with an Applied
Biosystems (Foster City, CA) model API 150 EX
instrument or an Agilent (Palo Alto, CA) model 1100
LC/MSD instrument. Water content is determined by Karl
Fischer titration using a Brinkmann (Westbury, NY)
Metrohm Karl Fischer Model 813 coulometer. Example 1:
Synthesis of
l-isopropyI-2-oxo-l,2-dihydroquinolinone-3- carboxylic
acid {(l S,3R,5i
)-8-[2-hydroxy-3-(methanesuIfonyI-methylamino)
propyl]-8-azabicyclo[3.2.1]oct-3-yI} amide a.
Preparation of 8-benzyl-8-azabicyclo[3.2.1]octan-3-one
Concentrated hydrochloric acid (30 mL) was added to a
heterogeneous solution of 2,5-dimethoxy
tetrahydrofuran (82.2 g, 0.622 mol) in water (170 mL)
while stirring. In a separate flask cooled to O0C (ice
bath), concentrated hydrochloric acid (92 mL) was
added slowly to a solution of benzyl amine (100 g,
0.933 mol) in water (350 mL). The 2,5-
dimethoxytetrahydrofuran solution was stirred for
approximately 20 min, diluted with water (250 mL), and
then the benzyl amine solution was added, followed by
the addition of a solution of l^-acetonedicarboxylic
acid (100 g, 0.684 mol) in water (400 mL) and then the
addition of sodium hydrogen phosphate (44 g, 0.3 1
mol) in water (200 mL). The pH was adjusted from pH 1
to pH ~ 4.5 using 40% NaOH. The resulting cloudy and
pale yellow solution was stirred overnight. The
solution was then acidified to pH 3 from pH 7.5 using
50% hydrochloric acid, heated to 85 0C and stirred for
2 hours. The solution was cooled to room temperature,
basified to pH 12 using 40% NaOH, and extracted with
DCM (3 x 500 mL). The combined organic layers were
washed with brine, dried(MgSO4), filtered and
concentrated under reduced pressure to produce the
crude title intermediate as a viscous brown oil (52
g). To a solution of the crude intermediate in
methanol (1000 mL) was added i-tertbutyl dicarbonate
(74.6 g, 0.342 mol) at 0 0C. The solution was allowed
to warm to room temperature and stirred overnight. The
methanol was removed under reduced pressure and the
resulting oil was dissolved in dichloromethane (1000
mL). The intermediate was extracted into 1M H3PO4
(1000 mL) and washed with dichloromethane (3 x 250 mL)
The aqueous layer was basified to pH 12 using aqueous
NaOH, and extracted with dichloromethane (3 x 500 mL).
The combined organic layers were dried (MgSO4),
filtered and concentrated under reduced pressure to
produce the title intermediate as a viscous, light
brown oil. 1H-NMR (CDCl3) d (ppm) 7.5-7.2 (m, 5H,
C6H5), 3.7 (s, 2H, 



CH2Ph), 3.45 (broad s, 2H, CH-NBn), 2.7-2.6 (dd, 2H,
CH2CO), 2.2-2.1 (dd, 2H, CH2CO), 2.1-2.0 (m, 2H,
CH2CH2), 1.6 (m, 2H5CH2CH2) . (m/z): [M+H]+ calcd for
C14H17NO 216.14; found, 216.0. b. Preparation of
3-oxo-8-azabicvclo| 3.2.1]octane-8-carboxylic acid
rt-butyl ester To a solution of
8-benzyl-8-azabicyclo[3.2.1]octan-3-one (75 g, 0.348
mol) in EtOAc (300 mL) was added a solution of
di-tert-butyl dicarbonate (83.6 g, 0.383 mol, 1.1 eq)
in EtOAc (300 mL). The resulting solution and rinse
(100 mL EtOAc) was added to a 1 L Parr hydrogenation
vessel containing 23 g of palladium hydroxide (20 wt.%
Pd, dry basis, on carbon, -50% wet with water; e.g.
Pearlman's catalyst) under a stream of nitrogen. The
reaction vessel was degassed (alternating vacuum and
N2 five times) and pressurized to 60 psi of H2 gas.
The reaction solution was agitated for two days and
recharged with H2 as needed to keep the H2 pressure at
60 psi until the reaction was complete as monitored by
silica thin layer chromatography. The black solution
was then filtered through a pad of Celite(r) and
concentrated under reduced pressure to yield the title
intermediate quantitatively as a viscous, yellow to
orange oil. It was used in the next step without
further treatment. 1H NMR (CDCl3) d(ppm) 4.5 (broad,
2H, CH-NBoc), 2.7 (broad, 2H, CH2CO), 2.4-2.3 (dd, 2H,
CH2CH2), 2.1 (broad m, 2H, CH2CO), 1.7-1.6 (dd, 2H,
CH2CH2), 1.5 (s, 9H, (CH3)3COCON)).c. Preparation of
ri6',3i?,5i?)-3-ammo-8-azabicvclo[3.2.11octane-8-carbo
xylic acid tertbutyl ester To a solution of the
product of the previous step (75.4 g, 0.335 mol) in
methanol ( 1 L) was added ammonium formate (422.5 g,
6.7 mol), water (115 mL) and 65 g of palladium on
activated carbon (10% on dry basis, -50% wet with
water; Degussa type E101NE/W) under a stream OfN2
while stirring via mechanical stirrer. After 24 and 48
hours, additional portions of ammonium formate (132g,
2.1 mol) were added each time. Once reaction
progression ceased, as monitored by anal. HPLC,
Celite(r) (>500g) was added and the resulting thick
suspension was filtered and then the collected solid
was rinsed with methanol (~500 mL). The filtrates were
combined and concentrated under reduced pressure until
all methanol had been removed. The resulting cloudy,
biphasic solution was then diluted with IM phosphoric
acid to a final volume of ~1.5 to 2.0 L at pH 2 and
washed with dichloromethane (3 x 700 mL). The aqueous
layer was basified to pH 12 using 40% aq. NaOH, and
extracted with dichloromethane (3 x 700 mL). The
combined organic layers were dried over MgSO4,
filtered, and concentrated by rotary evaporation, then
high-vacuum leaving 52 g (70%) of the title
intermediate, commonly NBoc- encfo-3-aminotropane, as
a white to pale yellow solid. The isomer ratio of endo
to exo amine of the product was >99: 1 based on 1H-NMR
analysis ( >96% purity by analytical HPLC). 1H NMR
(CDCl3) d (ppm) 4.2-4.0 (broad d, 2H, CHNBoc), 3.25
(t, IH, CHNH2), 2.1-2.05 (m, 4H), 1.9 (m, 2H), 1.4 (s,
9H, (CH3)3OCON), 1.2-1.1 (broad, 2H). (m/z): [M+H]+
calcd for C12H22N2O2) 227.18; found, 227.2. Analytical
HPLC (isocratic method; 2:98 (A:B) to 90:10 (A:B) over
5 min): retention time = 3.68 min. d. Preparation of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid First, acetone (228.2 mL, 3.11 mol) was added to
a stirred suspension of 2- aminophenylmethanol (255.2
g, 2.07 mol) and acetic acid (3.56 mL, 62 mmol) in
water (2 



L) at room temperature. After 4 h, the suspension was
cooled to 0 0C and stirred for an additional 2.5 h and
then filtered. The solid was collected and washed with
water and the wet solid cooled and dried by
lyophilisation to yield 2,2,-dimethyl-l,4-dihydro-2i/-
benzo[l,3]oxazine (332.2 g, 98 %) as an off-white
solid. 1HNMR (CDCl3; 300MHz): 1.48 (s, 6H, C(CHj)2),
4.00 (bs, IH, NH), 4.86 (s, 2H, CH2), 6.66 (d, IH,
ArH), 6.81 (t, IH, ArH), 6.96 (d, IH, ArH), 7.10 (t,
IH, ArH). A solution of
2,2,-dimethyl-l,4-dihydro-2/i-benzo[l,3]oxazine (125
g, 0.77 mol) in THF (1 L) was filtered through a
scintillation funnel and then added dropwise via
anaddition funnel, over a period of 2.5 h, to a
stirred solution of 1.0 M LiAlH4 in THF (800 rnL) at 0
0C. The reaction was quenched by slow portionwise
addition of Na2SO4 -IOH2O ( 110 g), over a period of
1.5 h, at 0 0C. The reaction mixture was stirred
overnight, filtered and the solid salts were washed
thoroughly with THF. The filtrate was concentrated
under reduced pressure to yield
2-isopropylaminophenyhnethanol (120 g, 95 %) as a
yellow oil. 1H NMR (CDCl3; 300MHz): 1.24 (d, 6H,
CH(CH3)2), 3.15 (bs, IH, OH), 3.61 (sept, IH,
CH(CH3)2), 4.57 (s, 2H, CH2), 6.59 (t, IH, ArH)5 6.65
(d, IH, ArH), 6.99 (d, IH, ArH), 7.15 (t, IH, ArH).
Manganese dioxide (85 % 182.6 g, 1.79 mol) was added
to a stirred solution of
2-isopropylaminophenylmethanol ( 118 g, 0.71 mol) in
toluene (800 mL) and the reaction mixture was heated
to 117 0C for 4 h. The reaction mixture was allowed to
cool to room temperature overnight and then filtered
through a pad of Celite which was eluted with toluene.
The filtrate was concentrated under reduced pressure
to yield 2-isopropylaminobenzaldehyde (105 g, 90 %) as
an orange oil. 1H NMR (CDCl3; 300MHz): 1.28 (d, 6H,
CH(CHj) 2), 3.76 (sept, IH, CH(CH3)2), 6.65 (t, IH,
ArH), 6.69 (d, IH, ArH), 7.37 (d, IH, ArH), 7.44 (t,
IH, ArH), 9.79 (s, IH, CHO).
2,2-Dimethyl-[l,3]dioxane-4,6-dione, commonly
Meldrum's acid, (166.9 g, 1.16 mol) was added to a
stirred solution of 2-isopropylaminobenzaldehyde (105
g, 0.64 mol), acetic acid (73.6 mL, 1.29 mol) and
ethylenediamine (43.0 mL, 0.64 mol) in methanol ( 1 L)
at 0 0C. The reaction mixture was stirred for 1 h at 0
0C and then at room temperature overnight. The
resulting suspension was filtered and the solid washed
with methanol and collected to yield the title
intermediate, l-isopropyl-2-oxo-l,2-
dihydroquinoline-3-carboxylic acid (146 g, 98 %) as an
off-white solid. 1H NMR (CDCl3; 300MHz): 1.72 (d, 6H,
CH(CH3)2), 5.50 (bs, IH, CH(CH3)2), 7.44 (t, IH, ArH),
7.75-7.77 (m, 2H, ArH), 7.82 (d, IH, ArH), 8.89 (s,
IH, CH). e. Preparation of d i
^-S-fl-isopropyl^-oxo-l^-dihydroquinoline-Scarbonyl)
amino]-8-azabicvclo[3.2.11octane-8-carboxylic acid
tert-butyl ester Thionyl chloride (36.6 mL, 0.52 mol)
was added to a stirred suspension of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid (80 g, 0.35 mol) in toluene (600 mL) at 85 0C and
the reaction mixture then heated to 95 0C for 2 h. The
reaction mixture was cooled to room temperature and
then added over 25 min to a vigorously stirred
biphasic solution of
(l<S,3i?,5i?)-3-amino-8-azabicyclo[3.2.1]octane-8-carb
oxylic acid tert-bvy l ester (78.2 g, 0.35 mol) and
sodium hydroxide (69.2 g, 1.73 mol) intoluene/water
(1:1) (IL) at 0C. After 1 h, the layers were allowed
to separate and the organic phase concentrated under
reduced pressure. The aqueous phase was washed with 



EtOAc (1 L) and then (500 mL) and the combined organic
extracts used to dissolve the concentrated organic
residue. This solution was washed with IM H3PO4 (500
mL), sat. aq. NaHCO3 (500 mL) and brine (500 mL),
dried over MgSO4, filtered and concentrated under
reduced pressure to yield the title intermediate
(127.9 g, approx. 84 %) as a yellow solid. 1HNMR
(CDCl3) : 1.47 (s, 9H) 1.67 (d, 6H), 1.78-1.84 (m,
2H), 2.04-2.18 (m, 6H), 4.20-4.39 (m, 3H), 5.65 (bs,
IH), 7.26 (dd. IH), 7.63 (m, 2H), 7.75 (dd, IH), 8.83
(s, IH), 10.63 (d, IH). f. Preparation of
l-isopropyl-2-oxo-l,2-dihvdroquinoline-3-carboxylic
acid U1S3R,5R)- 8-azabicyclo|~3.2. 1~]oct-3-vU amide
TFA (300 mL) was added to a stirred solution of the
product of the previous step (127.9 g) in CH2Cl2 (600
mL) at 0 0C. The reaction mixture was warmed to room
temperature and stirred for 1 h and then concentrated
under reduced pressure. The oily brown residue was
then poured into a vigorously stirred solution of
ether (3 L) and a solid precipitate formed
immediately. The suspension was stirred overnight and
then the solid collected by filtration and washed with
ether to yield the title intermediate as its
trifluoroacetic acid salt (131.7 g, 86% over two
steps) as a light yellow solid. 1H NMR (CDCl3) : 1.68
(d, 6H), 2.10 (d, 2H), 2.33-2.39 (m, 4H), 2.44-2.61
(m, 2H), 4.08 (bs, 2H), 4.41 (m, IH), 5.57 (bs, IH),
7.31 (m. IH), 7.66 (m, 2H), 7.77 (d, IH), 8.83 (s,
IH), 9.38 (bd, 2H), 10.78 (d, IH). g. Preparation of
3-hydroxy-3'-
{ri-isopropyl-2-oxo-l,2-dihydroquinolin-3- yl
carbonyl]ammo| spiro[azetidine-l 8'- l ',3i? 5i
-8-azabicvclo[3.2.11octane (Intermediate CV) with R1 =
H R2 = isopropyD 2-Bromomethyloxirane (10.72 mL, 129.5
mmol) was added to a stirred solution of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(lS,3R,5R)-S-aza.~ bicyclo[3.2.1]oct-3-yl}amide
trifluoroacetic acid salt (14.65 g, 43.2 mmol) in
ethanol (150 mL) at room temperature. The reaction
mixture was stirred for 36 h, at which time a solid
precipitate formed. The solid was collected by
filtration and washed with ethanol (70 mL) to yield
the title intermediate as the bromide salt (8.4 g).
(m/z): [M]+ calcd for C23H30N3O3 396.23; found, 396.5.
Retention time (anal. HPLC: 2-50% MeCNZH2O over 5 min)
= 4.13 min.h. Preparation of
l-isoproryl-2-oxo-l,2-dihvdroquinolinone-3-carboxyric
acid l ' i . V - -hvdroxy-S-methylammopropylJ-
-azabicyclofS^.noct-S-yU amide 3-Hydroxy-3'-
{[1-isopropyl-2-oxo- 1,2-dihydroquinolin-3 -
yl)carbonyl]amino}spiro[azetidine-l,8'-(l
1S',3i?,5i?)-8-aza-bicyclo[3.2.1]octane bromide (678
mg, 1.4 mmol) was dissolved in ethanol (10 mL), and
then methylamine (41 % solution in water) (510 mL, 8.0
mmol) was added. The mixture was heated at 80 C for 16
h, and then concentrated under reduced pressure to
give the title intermediate as a crude oil, which was
used directly in the following step. i . Synthesis of
l-isopropyl-2-oxo-l,2-dihvdroqumolinone-3-carboxylic
acid t(lS,3R,5R)-
8-[2-hvdroxy-3-(methanesulfonyl-methyl-amino)propyl]-8
-azabicvclor3.2.11oct-3- yl}amide The product of the
previous step was dissolved in dichloromethane (10
mL), and then l,8-diazabicyclo[5.4.0]undec-7-ene (763
mL, 5.1mmol) was added, and the mixture 



was stirred under nitrogen and cooled to 0 C.
Methanesulfonylchloride (132 mL, 1.7 mmol) was added
and the mixture was stirred at 0 0C for 30 min. The
reaction was quenched by the addition of water, and
concentrated to dryness under reduced pressure. The
product was taken up in acetic acid/water (1:1) (10
mL) and purified by HPLC chromatography. The purified
fractions were lyophilized yielding the title compound
as the trifluoroacetic acid salt (340 mg). (m/z):
[M+H]+ calcd for C25H36N4O5S, 505.25; found, 505.4.
Retention time (anal. HPLC: 2-50% MeCN/H2O over 5 min)
= 4.17 min. Example 2: Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinoIinone-3- carboxylic
acid {(lS,3 ,5R)-8-
[2-methoxy-3-(methanesulfbnyI-methylamino) propyl]
-8-azabicyclo [3.2.1] oct-3-yl}amide a. Preparation of
3-methoxy-3'- { [
l-isopropyl-2-oxo-l,2-dihydroquinolin-3-
vDcarbonyllamino>spiro[ azetidine-l 8'- l S,3i 5i
)-8-aza-bicvclo[3.2.11octane (Intermediate (Y) with R1
H, R2 = isopropyj R3 =methvD Potassium-ter -butoxide
(1.63 g, 14.5 mmol) was added to a stirred suspension
of 3-hydroxy-3'- {[1-isopropyl-2-oxo-
1,2-dihydroquinolin-3 -
yl)carbonyl]amino}spiro[azetidine-l,8 l-(l S',3i ,5i
)-8-azabicyclo[3.2.1]octane bromide (3.45 g, 7.25
mmol) in dichloromethane (100 mL) at room temperature.
After 2 min, methyl iodide (0.477 mL, 7.61 mmol) was
added to the reaction mixture. After 30 min, water (2
mL) was added to quench the reaction and the reaction
mixture concentrated under reduced pressure. The
residue was dissolved in a minimal volume of acetic
acid/water (1:1) and purified by preparative HPLC to
yield the title intermediate as atrifluoroacetic acid
salt (2.1 g). (m/z): [M]+ calcd for C24H32N3O3,
410.24; found 410.5. Retention time (anal. HPLC: 2-50%
MeCNZH2O over 5 min) = 4.36min. b. Preparation of
l-isopropyl-2-oxo-1.2-dihydroqumolmone-3-carboxylic
acid {(l S,3i 5.
)-8-r2-methoxy-3-methylammopropyl1-8-azabicvclo[3.2.n
oct-3-yl amide 3-Methoxy-3 '- {[1-isopropyl-2-oxo-
1,2-dihydroquinolin-3 -
yl)carbonyl]amino}spiro[azetidme-l,8'-(l S',3 ,5i
)-8-aza-bicyclo[3.2.1]octane trifluoroacetic acid salt
(410 mg, 0.84 mniol) was dissolved in ethanol (10 mL),
and then methylamine (41% solution in water, 320 mL, 5
mmol) was added. The mixture was heated at 80 C for 16
h, and then concentrated under reduced pressure to
give the product as a crude oil which was used
directly in the following step. c . Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(1S,3R,5RV
8-[2-methoxy-3-(methanesulfonyl-methyl-amino
)propyll-8-azabicvclor3.2.11oct-3- vUamide The product
of the previous step (53.6 mg, 0.12 mmol) was
dissolved in dichlorometha e (1.0 mL), and then
l,8-diazabicyclo[5.4.0]undec-7-ene (89.7 mL, 0.6 mmol)
was added, and the mixture was stirred under nitrogen
and cooled to 0C. Methanesulfonylchloride (18.6 mL,
0.24 mmol) was added and the mixture was stirred at
O0C for 30 min. The mixture was quenched by the
addition of water, and concentrated to dryness under
reduced pressure. The product was taken up in acetic
acid/water (1:1) ( 1.5 mL) and purified by HPLC
chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (45.8 mg). (m/z): [M+H]+
calcd for C26H38N4O5S, 519.27; found 519.2. Retention
time (anal. HPLC: 5-40% MeCNZH2O 



over 4 min) = 2.72 min. Example 3: Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l ,3 ,5
)-8-[3-(methanesulfonyl-pyridm-3-ylmethyl-amino)-2-
methoxypropyl]-8-azabicyclo[3.2.1]oct-3-yl} amide a.
Preparation of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxyric
acid MIS.3R,5R)- 8-
{2-methoxy-3-[(pyridm-3-ylmethyl)amino]propyl|
-8-azabicyclo| 3.2. 1ioct-3-yl) amide 3-Methoxy-3 '-
{[1-isopropyl-2-oxo- 1,2-dihydroquinolin-3 -
yl)carbonyl]amino}spiro[azetidine-l,8'-(15',3i?,5i?)-8
-aza-bicyclo[3.2.1]octane (410 mg, 0.84 mmol) was
dissolved in ethanol (10 mL), and then
3-aminomethylpyridine (153 mL, 1.5 mmol) was added.
The mixture was heated at 60 C for 16 h, and then
concentrated under reduced pressure to give the title
intermediate as a crude oil which was used directly in
the next step.b. Synthesis of
l-isopropyl-2-oxo-l,2-dihvdroquinolme-3-carboxylic
acid ((l.S',3i?.,5i?)-8-
f3-(methanesulfonyl-pyridin-3-ylmethyl-aminoV2-methoxy
propyl]-8- azabicyclo[3.2. 1loct-3-yl} amide The
product of the previous step (102.6 mg, 0.2 mmol) was
dissolved in dichloromethane ( 1.0 mL ) and then
l,8-diazabicyclo[5.4.0]undec-7-ene ( 119.6 mL, 0.8
mmol) was added, and the mixture was stirred under
nitrogen and cooled to O0C. Methanesulfonylchloride
(30.1 mL, 0.4 mmol) was added and the mixture was
stirred at O0C for 30 min. The reaction was quenched
by the addition of water, and the mixture was
concentrated to dryness under reduced pressure. The
product was taken up in acetic acid/water (1:1) (1.5
mL) and purified by HPLC chromatography. The purified
fractions were lyophilized to give the title compound
as the trifluoroacetic acid salt (63.5 mg). (m/z):
[M+H]+ calcd for C3 1H4 1N5O5S, 596.29; found 596.2.
Retention time (anal. HPLC: 5-40% MeCN/H 2O over 4
min) = 2.35 min. Example 4: Synthesis of
l~isopropyl-2-oxo-l,2-dihydroqiiinolinone-3-
carboxylic acid {(l ,3
,5R)-8-[2-hydroxy-3-methanesulfonylamino)propyl]-8-
azabicyclo[3.2.1]oct-3-yl} amide a. Preparation of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid UIS,3R,5R)- -fS-rLS-dioxo-l^-dihvdroisoindol^-ylV
-hvdroxypropyl- -azabicyclol .n oct- - y amide
l-Isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l S',3i?,5 R)-8-azabicyclo[ 3.2.1]oct-3-yl}
amide (3.39 g, lOmmol) was dissolved in ethanol (40
mL), and then 2-oxiranylmethylisoindole-l,3-dione,
commonly, epoxypropylphthalimide, (3.05 g, 15 mmol)
was added. The mixture was heated at 80 C for 36 h,
cooled, and then concentrated under reduced pressure.
The resulting oil was flash chromatographed (SiO2,
eluting with a 9:1 solution of
dichloromethane/methanol) to give the title
intermediate (4.95 g) as a white solid which was used
directly in the next step. b. Preparation of
l-isopropyl-2-oxo-l,2-dihvdroquinolinone-3-carboxylic
acid (a
,S',3i?.5i?V8-r2-hvdroxy-3-aminorroryll-8-azabicvclor3
.2.11oct-3-yl>amide The product of the previous step
(4.95 g, 9.13 mmol) was dissolved in ethanol (40 mL),
and then hydrazine (860 mL, 27.4 mmol) was added. The
mixture was refluxed for 16 h, and then cooled to room
temperature. The mixture was filtered, and the
filtrate 



concentrated to give the title intermediate as a crude
oil, which was used directly without further
purification.c. Synthesis of
l-isopropyl^-oxo-l^-dihvdroqumolinone-S-carboxyric
acid ((1S.3R.5R)- 8-[2-hydroxy-3-methanesulfonylamino
'tropyl]-8-azabicyclo [3.2.1]oct-3-vU amide The
product of the previous step (82 mg, 0.2 mmol) was
dissolved in dichloromethane (1.0 mL), then
l,8-diazabicyclo[5.4.0]undec-7-ene (60 mL, 0.4 mmol)
was added, and the mixture was stirred under nitrogen
and cooled to -78C. Methanesulfonylchloride (15.5 mL,
0.2 mmol) was added and the mixture was stirred and
allowed to warm to room temperature over 30 min. The
reaction was quenched by the addition of water, and
the mixture was concentrated to dryness under reduced
pressure. The product was taken up in acetic
acid/water (1:1) (1.5 mL) and purified by HPLC
chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (70.7 mg). (m/z): [M+H]+
calcd for C24H34N4O5S, 491.23; found 491.2. Retention
time (anal. HPLC: 5-40% MeCN/H2O over 4 min) = 2.43
min. Example 5: Synthesis of
l-isopropyl-Z-oxo-l-l-dihydroquinoline-S-carboxylic
acid {(lS,3 ,5
)-8-[3-(methanesulfonyl-pyridm-3-yImethyl-amino)-2-
hydroxypropyll- -azabicyclop.Z.lloct-S-yl} amide a.
Preparation of
l-isopropyl^-oxo-l^-dihydroquinoline-S-carboxylic acid
((1 3 5 ? - 8-{2-hvdroxy-3-r(pyridin-3-ylmethyl
')amino]propyU-8-azabicvclo[ 3.2.11oct-3-yU amide
3-Hydroxy-3'- {[1-isopropyl-2-oxo-
1,2-dihydroquinolin-3 -
yl)carbonyl]amino}spiro[azetidine-l,8'-(15',3i?,5i?)-8
-aza-bicyclo[3.2.1]octane bromide (505 mg, 1.27 mmol)
was dissolved in ethanol (10 mL), and then
3-(aminomethyl)- pyridine (193 mL, 1.9 mmol) was
added. The mixture was heated at 80 C for 16 h, and
then concentrated under reduced pressure to give the
title intermediate as a crude oil which was used
directly in the following step. b. Synthesis of
l-isopropyl-2-oxo-L2-dihydroquinolme-3-carboxylic acid
UlS3R,5R)-8- [3-(methanesulfonyl-pyridin-3
-ylmethyl-aminoV2-hydroxypropyll -8- azabicvclo| 3.2.1
|oct-3-yl}amide The product of the previous step (42.5
mg, 0.08 mmol) was dissolved in dichloromethane (1.0
mL), l,8-diazabicyclo[5.4.0]undec-7-ene (74.8 mL, 0.5
mmol) was added, and the mixture was stirred under
nitrogen and cooled to 0 C. Methanesulfonylchloride
(6.1 mL, 0.08 mmol) was added and the mixture was
stirred at 0 C for 30 min. The reaction was quenched
by the addition of water, and concentrated to dryness
under reduced pressure. The product was taken up in
acetic acid/water (1:1) (1.5 mL) and purified by HPLC
chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (22.8 mg). (m/z): [M+H]+
calcdfor C30H39N5O5S, 582.28; found 582.2. Retention
time (anal. HPLC: 5-40% MeCNZH2O over 4 min) = 2.78
min. Example 6: Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid
{(18,3R,5R)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methyl
amino) propyl]-8-aza-bicyclo[3.2.1]oct-3-yl} amide a.
Preparation of
GffM-n3enzyl-methyl-ammoV3-chloropropan-2-ol
N-Benzylmethylamine (13.95 mL, 108.1mmol) and
(5)-2-chloromethyloxirane, commonly
($)-epichlorohydrin (8.48 mL, 108.1 mmol) were
dissolved in hexane (40 mL), 



and stirred for 16 h. The solution was then flash
chromatographed (SiO2, eluting with 10 % methanol/90 %
dichloromethane). Fractions containing product were
concentrated to give the title intermediate as an oil
(19.7 g). 1H-NMR (DMSO d6, 299.96 MHz): d (ppm) 2.01
(s, 3H), 2.2-2.4 (m, 2H), 3.21-3.5 (m, 3H), 3.53-3.6
(m, IH), 3.65-3.75 (m, IH), 4.95 (d, IH), 7.0-7.25 (m,
5H). (m/z): [M+H]+ calcd for C11H16ClNO, 214.10; found
214.1. b. Preparation of
((>Sr)-3-chloro-2-hvdroxypropyl)methylcarbamic acid
fert-butyl ester (S -l
-(benzyl-methyl-ammo)-3-chloropropan-2-ol (8.4 g, 39.3
mmol) was dissolved in ethyl acetate (75 mL), and then
di-tert-butyl dicarbonate (9.3 g, 43.23 mmol) and
palladium hydroxide (2.5 g) were added. The mixture
was shaken for 12 h under hydrogen (60 atm). The
mixture was filtered through a bed of Celite(r), and
concentrated to dryness under reduced pressure. The
resulting oil was filtered through silica, eluting
with hexane, followed by dichloromethane, followed by
diethyl ether. The ether layer was concentrated to
give the title intermediate as an oil (7.1 g). 1H-NMR
(DMSO dg, 299.96 MHz): d (ppm) 1.35-1.46 (s, 9H),
2.81-2.85 (s, 3H), 2.95-3.1 (m, IH), 3.3-3.6 (m, 3H),
3.67-3.85 (m, IH), 5.25-5.4 (m, IH). (m/z): [M+H-Boc]+
calcd for C9H18ClNO3, 123.10; found 123.1. c.
Preparation of ((i?)-2-hvdroxy-3-{3-[
(l-isopropyl-2-oxo-l,2-dihvdroquinoline-3-
carbonyl)aminol-( ' l
S',3i?,5i?)-8-azabicvclo[3.2.11oct-8-yl>propyl
)methylcarbamic acid tert-butyl ester
(("S)-3-chloro-2-hydroxypropyl)methylcarbamic acid
fert-butyl ester (335 mg, 1.5 mmol) and
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid ((1 ,3 5 )- - aza-bicyclo[3.2.1]oct-3-yl} amide
(339 mg, 1.0 mmol), were dissolved in methanol (5 mL)
and then , -diisopropylethylamine (523 mL, 3.0 mmol)
was added. The mixture was heated at 80 C for 16h, and
then concentrated under reduced pressure. The
resulting oilwas flash chromatographed (SiO2, eluting
with 10 % methanol/90 % dichloromethane). Fractions
containing product were concentrated to give the title
intermediate as a white solid (0.5 g). (m/z): [M+H] +
calcd for C29H42N4O5, 527.33; found 527.6. Retention
time (anal. HPLC: 2-50% MeCN/H 20 over 5 min) = 4.75
min. d. Preparation of
l-isopropyl-2-oxo-L2-dihvdroquinoline-3-carboxylic
acid { 1 3 .5- - 8-r
)-2-hvdroxy-3-methylaminopropyl]-8-azabicvclo[3.2.1]oc
t-3-yl amide ((i?)-2-hydroxy-3 -
{3-[(1-isopropyl-2-oxo- 1,2-dihydroquinoline-3 -
carbonyl)amino]-(15
r,3i?,5i?)-8-azabicyclo[3.2.1]oct-8-yl}propyl)methylca
rbamic acid tert-butyl ester (575 mg, 1.09 mmol) was
dissolved in dichloromethane (5 mL) and then
trifluoroacetic acid (5 mL) was added slowly. The
mixture was stirred for 30 min, and then concentrated
under reduced pressure. The resulting oil was
triturated with diethyl ether, and then filtered. The
precipitate was dried under vacuum to give the title
intermediate as the trifluoroacetic acid salt (0.68
g). (m/z): [M+H] calcd for C24H34N4O3, 427.27; found
427.2. Retention time (anal. HPLC: 2-50% MeCNZH2O over
5 min) = 3.40 min. e . Synthesis of
l-isopropyl-2-oxo-l,2-dihvdroqumoline-3-carboxylic
acid {( l - - - [(J?)-2-hydroxy-3-(
'methanesulfonyl-methyl-amino)propyl]-8-aza-bicyclo[3.
2.11oct-3- yl| amide 



l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(lS,3R,5R)-S-[(S)-2-
hydroxy-S-methylammopropylj-S-azabicyclofS^.ljoct-S-yl
Jamide (1.03 g, 1.57 mmol) was dissolved in
dichloromethane (6.0 mL),
l,8-diazabicyclo[5.4.0]undec-7-ene (747 mL, 5.0 mmol)
was added, and the mixture was stirred under nitrogen
and cooled to 0 C. Methanesulfonylchloride (124.4 mL,
1.6 mmol) was added and the mixture was stirred at 0 C
for 30 min. The reaction was quenched by the addition
of water, and the mixture was concentrated to dryness
under reduced pressure. The product was taken up in
acetic acid/water (1:1) (5 mL) and purified by HPLC
chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (0.38 g). (m/z): [MH-H]+
calcd for C25H36N4O5S, 505.25; found 505.4. Retention
time (anal. HPLC: 2-50% MeCN/H 2O over 5 min) = 4.17
min. Free base: 1H-NMR (DMSO d6, 299.96 MHz): d (ppm)
1.40-1.68 (d, 6H), 1.81-2.02 (br s, 4H), 2.02-2.18 (br
m, 2H), 2.22-2.36 (d, 2H), 2.78-2.90 (2 s, 6H),
2.91-3.04 (m, IH), 3.10-3.30 (m, 4H), 3.61-3.78 (br s,
IH), 4.02-4.17 (m, IH), 4.71-4.79 (br s, IH), 5.2-5.8
(br s, IH), 7.3-7.4 (t, IH), 7.67-7.78 (t, IH),
7-82-7.94 (d, IH), 7.98-8.02 (d, IH), 8.80 (s, IH),
10.37-10.40 (d, NH).Example 7: Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinolme-3-carboxylic
acid {(l
,3R,5R)-8-[(S)-2-hydroxy-3-(methanesulfonyl-methyl-ami
no)propyl]- 8-aza-bicyclo[3.2.1]oct-3-yl} amide
Following the procedure of Example 6, with the
substitution of (R)-2- chloromethyloxirane for (S)
-2-chloromethyloxirane in step a, the following
intermediates and the title compound were prepared.
(i?)-l-(benzyl-methyl-amino)-3-chloropropan-2-ol:
1H-NMR (DMSO d6, 299.96 MHz): d (ppm) 2.01 (s, 3H),
2.2-2.4 (m, 2H), 3.21-3.5 (m, 3H), 3.53-3.6 (m, IH),
3.65- 3.75 (m, IH), 4.95 (d, IH), 7.0-7.25 (m, 5H).
(m/z): [M+H]+ calcd for C11H16ClNO, 214.10; found
214.1. ((i?)-3-chloro-2-hydroxy-propyl)methylcarbamic
acid trt-butyl ester: 1H-NMR (DMSO d6, 299.96 MHz): d
(ppm) 1.35-1.46 (s, 9H), 2.81-2.85 (s, 3H), 2.95-3.1
(m, IH), 3.3-3.6 (m, 3H), 3.67-3.85 (m, IH), 5.25-5.4
(m, IH). (m/z): [M+H-Boc] + calcd for C9Hi8ClNO3,
123.10; found 123.1. ((S)-2-hydroxy-3
-{3-[(1-isopropyl-2-oxo- 1,2-dihydroquinoline-3 -
carbonyl)amino]-(l"S',3i?,5i?)-8-azabicyclo[3.2.1]oct-
8-yl}propyl)methylcarbamic acid tert-butyl ester:
(m/z): [M+H] + calcd for C29H42N4O5, 527.33; found
527.6. Retention time (anal. HPLC: 2-50% MeCN/H 20
over 5 min) = 4.75 min.
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(lS,3R,5R)-S-[(R)-2-
hydroxy-S-methylaminopropylJ-
-azabicyclofS^.lJoct-S-ylJamide: (tn/z): [M+H]+ calcd
for C24H34N4O3, 427.27; found 427.2. Retention time
(anal. HPLC: 2-50% MeCN/H 2O over 5 min) = 3.40 min.
1-isopropyl-2-oxo- 1,2-dihydroquinoline-3-carboxylic
acid {(l_S,3_R ll 5i?)-8-[(>S)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-aza-
bicyclo[3.2.1]oct-3-yl}amide: (m/z): [M+H]+ calcd for
C25H36N4O5S, 505.25; found 505.4. Retention time
(anal. HPLC: 2-50% MeCN/H 20 over 5 min) = 4.17 min. 



Example 8 : Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinolmone-3- carboxylic
acid {(l S,3 ,5 )-8-[2-hydroxy-3-[methyl-(pyridine-4-
carbonyl)amino]propyl]-8-azabicyclo[3.2.1]oct-3-yl}
amide 1-isopropyl-2-oxo-
l^-dihydroquinolmone-S-carboxylic acid
{(15',3i?,5i?)-8-[2- hydroxy-S-methylaminopropylJ-
-azabicyclotS^.lJoct-S-ylJamide (71 mg, 0.17 mmol) was
dissolved in DMF (0.5 mL), and then ,
-diisopropylethylamine (88.9 mL,0.51 mmol) was added.
Next, a solution of isonicotinic acid (41.8 mg, 0.34
mmol) and PyBOP (177 mg, 0.34 mmol) in DMF was added.
The resulting mixture was shaken at room temperature
for 30 min, and then concentrated to dryness under
reduced pressure. The product was taken up in acetic
acid/water (1:1) ( 1.5 mL) and purified by HPLC
chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (30.8 mg). (m/z): [M+H]+
calcd for C30H37N5O4, 532.29; found 532.7. Retention
time (anal. HPLC: 5-40% MeCN/H2O over 4 min) = 2.11
min. Example 9 : Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3- carboxylic
acid {(l ,3 ,5i?)-8-[2-hydroxy-3-[(pyridine-4-
carbonyl)amino]propyl]-8-azabicyclo[3.2.1]oct-3-yl}
amide
l-Isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(lS,3R,5R)-S-[2- hydroxy-S-aminopropylj-
-azabicyclofS^.ljoct-S-yl} amide (82.4 mg, 0.2 mmol)
was dissolved in DMF (0.5 mL), and then
,iV-diisopropylethylamine (69.7 mL, 0.4 mmol) was
added. Next, a solution of isonicotinic acid (49.2 mg,
0.4 mmol) and PyBOP (208.2 mg, 0.4 mmol) in DMF was
added. The resulting mixture was shaken at room
temperature for 30 min, and then concentrated to
dryness under reduced pressure. The product was taken
up in acetic acid/water ( 1:1) (1.5 mL) and purified
by HPLC chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (82.1 mg). (m/z): [M+H]+
calcd for C29H35N5O4, 518.28; found 518.2. Retention
time (anal. HPLC: 5-40% MeCNfR2O over 4 min) = 2.20
min. Example 10: Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3- carboxylic
acid {(lS,3R,5
)-8-[3-(acetyl-methyl-amino)-2-methoxypropyl]-8-
azabicyclo[3.2.1]oct-3-yl} amide
l-Isopropyl^-oxo-l^-dihydroquinolinone-S-carboxylic
acid {(lS,3R,5R)-S-[2-
methoxy-S-methylammopropylj-S-azabicyclo
^.lJoct-S-ytyamide (53.6 mg, 0.12 mmol) was dissolved
in DMF (1.0 mL), and then L iV-diisopropylethylamine
(104. mL, 0.6 mmol) was added. The mixture was stirred
under nitrogen and cooled to 0C. Acetyl chloride (17.1
mL, 0.24 mmol) was added and the mixture was stirred
at 0C for 30 min, and then concentrated to dryness
under reduced pressure. The product was taken up in
acetic acid/water ( 1:1) ( 1.5 mL) and purified by
HPLC chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (40.4 mg). (m/z): [M+H]+
calcd for C27H38N4O4, 483.30; found 483.2. Retention
time (anal. HPLC: 5-40% MeCN/H2O over 4 min) = 2.54
min.Example 11. Synthesis of
l-isopropyI-2-oxo-l,2-dihydroquinoIinone-3- carboxylic
acid {(lS,3R,5 )-8-[2-methoxy-3-[methyl-(pyridine-4-
carbonyl)amino]propyI]-8-azabicycIo[3.2.1]oct-3-yl}ami
de l-Isopropyl^-oxo-l^-dihydroquinolinone-S-carboxylic
acid {(lS,3R,5R)-S-[2- methoxy-S-methylammopropylJ-
-azabicyclotS.l.^oct-S-ylJamide (53.6 mg, 0.12mmol) 



was dissolved in DMF ( 1.0 mL), and then L
iV-diisopropylethylamine (104.5 mL, 0.6 mmol) was
added. The mixture was stirred under nitrogen and
cooled to 0C. Isonicotinyl chloride (42.7 mg, 0.24
mmol) was added and the mixture was stirred at 0 0C
for 30 min, and then concentrated to dryness under
reduced pressure. The product was taken up in acetic
acid/water ( 1:1) ( 1.5 mL) and purified by HPLC
chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (54.4 mg). (m/z): [M+H]+
calcd for C3 1H39N5O4, 546.31; found 546.2. Retention
time (anal. HPLC: 5-40% MeCN/H2O over 4 min) = 2.29
min. Example 12. Synthesis of
l-isopropyl-2-oxo-l,2-dihydro-quinoline-3- carboxylic
acid
{(lS,3R,5i?)-8-[3-(acetyl-pyridin-3-ylmethyI~amino)-2-
methoxypropyl]-8-azabicyclo[3.2.1]oct-3-yl} amide
l-Isopropyl-2-oxo-l,2-dihydroquiiioline-3 -carboxylic
acid (8-{2-methoxy-3-
[(pyridin-S-ylmethy^aminoJpropylJ-S-azabicyclofS^.ljoc
t-S-y^amide (102.6 mg, 0.2 mmol) was dissolved in DMF
(1.0 mL), and then V -diisopropylethylamine (139.4 mL,
0.8 mmol) was added. The mixture was stirred under
nitrogen and cooled to 00C. Acetyl chloride (28.5 mL,
0.4 mmol) was added and the mixture was stirred at 00C
for 30 min, and then concentrated to dryness under
reduced pressure. The product was taken up in acetic
acid/water ( 1:1) ( 1.5 mL) and purified by HPLC
chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (33.2 mg). (m/z): [M+H]+
calcd for C32H4 1N5O4, 560.33; found 560.4. Retention
time (anal. HPLC: 5-40% MeCN/H2O over 4 min) = 2.27
min. Example 13. Synthesis of
l-isopropyl-2-oxo-l,2-dihydro-quinoline-3- carboxylic
acid {(lS,3R,5 )-8-[3-acetylamino-2-hydroxypropyl]-8-
azabicyclo [3.2.1 ]oct-3-yl}amide
l-Isopropyl-2-oxo-l,2-dihydroquinolinone-3 -carboxylic
acid {(lS,3R,5R)-S-[2-
hydroxy-S-aminopropylJ-S-azabicyclofS^.lJoct-S-yljamid
e (82.4 mg, 0.2mmol) was dissolved in DMF (0.5 mL),
and then , -diisopropylethylamine (69.7 mL, 0.4 mmol)
was added. Next, a solution of acetic acid (22.7 mL,
0.4 mmol) and PyBOP (208.2 mg, 0.4 mmol) in DMF was
added. The resulting mixture was shaken at room
temperature for30 min, and then concentrated to
dryness under reduced pressure. The product was taken
up in acetic acid/water (1:1) (1.5 mL) and purified by
HPLC chromatography. The purified fractions were
lyophilized to give the title compound as the
trifluoroacetic acid salt (79.2 mg). (m/z): [M+H]+
calcd for C25H34N4O4, 455.27; found 455.2. Retention
time (anal. HPLC: 5-40% MeCN/H20 over 4 min) = 2.33
min. Example 14. Synthesis of
l-isopropyl-2-oxo-l,2-dihydro-quinoline-3- carboxylic
acid {(l S,3
,5i?)-8-[3-(acetyl-methyl-amino)-2-hydroxypropyl]-8-
azabicyclo[3.2.1]oct-3~yl} amide
l-Isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(lS,3R,5R)-S-[2- hydroxy-S-methylaminopropyy-
-azabicyclofS^.lJoct-S-yljamide (43 mg, 0.1 mmol) was
dissolved in DMF (1.0 mL), and then L
-diisopropylethylamine (87.1 mL, 0.5 mmol) was added.
The mixture was stirred under nitrogen and cooled to 0
C. Acetyl chloride (17.8 mL, 0.25 mmol) was added and
the mixture was stirred at 0 C for 30 min. The mixture
was concentrated to dryness under reduced pressure.
The product was taken 



up in acetic acid/water ( 1:1) (1.5 mL) and purified
by HPLC chromatography. The purified fractions were
lyophilized to give the title intermediate as the
trifluoroacetic acid salt (17.1 mg). (m/z): [M+H]+
calcd for C26H36N4O4, 469.28; found 469.2. Retention
time (anal. HPLC: 5-40% MeCN/H2O over 4 min) = 2.49
min. Example 15. Synthesis of
l-isopropyI-2-oxo-l,2-dihydro-quinoline-3- carboxylic
acid {(l S,3R,5
)-8-[3-(formyl-methyl-amino)-2-hydroxypropyl]-8-
azabicyclo [3.2.1]oct-3-yl}amide
l-Isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(l ,3i?,5i )-8-[2-
hydroxy-S-methylaminopropylJ-S-azabicyclofS^.lJoct-S-y
ljamide (43 mg, 0.1 mmol) was dissolved in ethyl
formate (1.0 mL). The mixture was heated at 65 C for
16 h, and then concentrated to dryness under reduced
pressure. The product was taken up in acetic
acid/water (1:1) (1.5 mL) and purified by HPLC
chromatography. The purified fractions were
lyophilized to give the title intermediate as the
trifluoroacetic acid salt (22.7 mg). (m/z): [M+H]+
calcd for C25H34N4O4, 455.27; found 455.2. Retention
time (anal. HPLC: 5-40% MeCNZH2O over 4 min) = 2.37
min.Example 16. Synthesis of
l-isopropyl-2-oxo-l,2-dihydro-quinoline-3- carboxylic
acid {(l S,32?,5
)-8-[3-formylamino-2-hydroxypropyl]-8- azabicy clo
[3.2.1] oct-3-yl} amide 1-Isopropyl-2-oxo-l
,2-dihydroquinolinone-3-carboxylic acid
{(lS,3R,5R)-S-[2-
hydroxy-S-aminopropylJ-S-azabicyclofS^.lJoct-S-yllamid
e (41.2 mg, 0.1 mmol) was dissolved in ethyl formate
(1.0 mL). The mixture was heated at 65C for 16 h, and
then concentrated to dryness under reduced pressure.
The product was taken up in acetic acid/water (1:1) (
1.5 mL) and purified by HPLC chromatography. The
purified fractions were lyophilized to give the title
intermediate as the trifluoroacetic acid salt (37.5
mg). (m/z): [M+H]+ calcd for C24H32N4O4, 441 .25;
found 441 .2. Retention time (anal. HPLC: 5-40%
MeCN/H2O over 4 min) = 2.89 min. Example 17. Synthesis
of l-isopropyl-2-oxo-l,2-dihydro-quinoline-3-
carboxylic acid {(l S,3 ,5 )-8-[(
)-3-(acetyl-methyl-amino)-2- hydroxypropyl] -8-azabicy
d o[3.2.1] oct-3-yl}amide
l-Isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(15r,3i?,5i?)-8-[(5)-2-
hydroxy-S-methylaminopropylJ-S-azabicyclofS^.lJoct-S-y
ljamide (200 mg, 0.3 mmol) was dissolved in DMF (1.0
mL), and then L -diisopropylethylamine (160.3 mL, 0.92
mmol) was added. Next, a solution of acetic acid (17.3
mL, 0.3 mmol) and PyBOP (159 mg, 0.3 mmol) in DMF was
added. The resulting mixture was shaken at room
temperature for 30 min, and then concentrated to
dryness under reduced pressure. The product was taken
up in acetic acid/water ( 1:1) ( 1.5 mL) and purified
by HPLC chromatography. The purified fractions were
lyophilized to give the title intermediate as the
trifluoroacetic acid salt (130 mg). (m/z): [M+H]+
calcd for C26H36N4O4, 469.28; found 469.5. Retention
time (anal. HPLC: 2-50% MeCNZH2O over 5 min) = 3.94
min. Example 18. Synthesis of
l-isopropyI-2-oxo-l,2-dihydro-quinoline-3- carboxylic
acid {(l S,3 ,5R)-8-[(R)-3-(formyl-methyl-amino)-2-
hydroxypropyl]-8-azabicyclo[3.2.1]oct-3-yl} amide
l-Isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l S',3i ?,5i?)-8- [(S) -2- 



hydroxy-3-methylaminopropyl]-8-azabicyclo[3.2.1]oct-3-
yl}amide (235mg, 0.36mmol) was dissolved in ethyl
formate (5.0 mL). The mixture was heated at 65 0C for
16 h, and then concentrated to dryness under reduced
pressure. The product was taken up in acetic
acid/water ( 1:1) (1.5 mL) and purified by HPLC
chromatography. The purified fractions were
lyophilized to give the the title intermediate as the
trifluoroacetic acid salt(97.5 mg). (m/z): [M+H]+
calcd for C25H34N4O4, 455.27; found 455.2. Retention
time (anal. HPLC: 2-50% MeCN/H 2O over 5 min) = 3.87
min. Example 19: Synthesis of
5-bromo-l-isopropyl-2-oxo-l,2-dihydroquinoIine-3-
carboxylic acid {(l S,3
,5i?)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methylamino)
propyl] -8-azabicy clo [3.2.1] oct-3-yl} amide To a
solution of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l S',3
,5i?)-8-[(i?)-2-hydroxy-3-(metlianesulfonyl-methyl-ami
no) rropyl]-8- azabicyclo[3.2.1]oct-3-yl} amide (500
mg, 0.99 mmol) dissolved in a mixture of acetonitrile
(5 mL) and acetic acid (10 mL) was added bromine (0.30
mL, 5.9 mmol). The mixture was stirred at ambient
temperature for 12 h, and concentrated under reduced
pressure, yielding a pale yellow oily residue. The
residue was dissolved in 20% acetonitrile in water
(0.5% TFA) (5 mL), and purified by HPLC. The title
compound was obtained as a major product and isolated
as a tifluoroacetic acid salt (200 mg) H-NMR (CD3OD):
d (ppm) 8.64 (s, IH), 7.97 (s, IH), 7.72-7.70 (m, 2H)
5 4.18 (brm, 2H), 4.0 (br s, IH), 3.2-3.0 (m), 2.88
(s, 3H), 2.79 (s, 3H), 2.5-2.2 (m, 2H), 1.56 (d, 6H).
(m/z): [MH-H]+ calcd for C25H35BrN4O5S, 583.16; found
583.4. Retention time (anal. HPLC: 10-50% MeCN/H 2O
over 6 min) = 3.90 min. Example 20: Alternative
synthesis of (( )-2-hydroxy-3-{3-[(l-isopropyl-2-oxol,
2-dihydroquinoline-3-carbonyl)amino]-(l S,3 ,5
)-8-azabicyclo[3.2.1]oct-8- yl}propyl)methylcarbamic
acid tert-butyl ester a. Preparation of
methyl-GSVl-oxiranylmethylcarbamic acid fert-butyl
ester ((S) -3-chloro-2-hydroxypropyl)-methylcarbamic
acid te7"t-butyl ester (2.23 g, 10 mmol) was dissolved
in THF (30 mL), and then an aqueous sodium hydroxide
solution (0.48 g in 10 mL water) was added. The
mixture was stirred for 2 h. The mixture was then
concentrated under reduced pressure to remove most of
the THF, and the remaining aqueous solution was
extracted into ethyl acetate, washing with water. The
product was dried over sodium sulfate, filtered and
concentrated under reduced pressure to give the title
intermediate as an oil (1.6 g). (m/z): [M+Na] + calcd
for C9H17NO3, 210.10; found 210.1. 1H-NMR (DMSO d6,
299.96 MHz): d (ppm) 1.32-1.42 (s, 9H), 2.69-2.73 (m,
IH), 2.75-2.85 (s, 3H), 2.95-3.05 (br s, IH),
3.10-3.15 (dm, IH), 3.16-3.21 (d, IH), 3.37-3.51 (m,
2H).b. Synthesis of ((J?V2-h.vdroxy-3-{3-[
(l-isopropyl-2-oxo-l,2-dihvdroquinoline-3-
carbonvDamino]-(lS,3i?,5i?)-8-azabicvclo[3.2.1]oct-8-y
l>propy methylcarbamic acid tert-butyl ester
Methyl-(S)4-oxiranylmethylcarbamic acid tert-butyl
ester (9.53 g, 51.1 mmol), and
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(lS,3R,5R)-S-aza.- bicyclo[3.2.1]oct-3-yl} amide
(8.7 g, 25.6 mmol), were dissolved in methanol (100
mL). The mixture was heated at 80 0C for 2h, and then
concentrated under reduced pressure. The resulting oil
was taken up in ethyl acetate and washed with
saturated aqueous sodium 



bicarbonate, followed by saturated aqueous sodium
chloride. The organics were dried over sodium sulfate,
filtered, and concentrated under reduced pressure. The
resulting oil was flash chromatographed (SiO2, eluting
with 10% methanol/90% dichloromethane). Fractions
containing product were concentrated to give the title
intermediate as a white solid (13.5 g). (m/z): [M+H]+
calcd for C29H42N4O5, 527.33; found 527.6. Retention
time (anal. HPLC: 2-50% MeCN/H2O over 5 min) = 4.75
min. Example 21: Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3- carboxylic
acid {(lS,3
,5R)-8-[2-hydroxy-3-(methanesulfonylethylamino)
propyl]-8-azabicycIo[3.2.1]oct-3-yl} amide Following
the procedure of Example 1 replacing methylamine with
ethylamine in step h, the title compound was prepared
(m/z): [M+H]+ calcd for C26H38N4O5S, 519.28; found
519.2. Retention time (anal. HPLC: 10-70% MeCN/H2O
over 6 min) = 2.91 min. Example 22: Synthesis of
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3- carboxylic
acid {(lS,3 ,5
)-8-[(R)-2-hydroxy-3-(methanesulfonylamino)-
propyl]-8-azabicyclo[3.2.1]oct-3-yl} amide al.
Preparation of 6SV2-oxiranylmethylisoindole-l,3-dione
To a cold solution of (S)-l-oxiranylmethanol (5 g,
67.5 mmol) and phthalimide (9.9 g, 67.3 mmol) in
tetrahydrofuran (200 mL) in ice bath was added
triphenylphosphine (17.9 g, 68.2 mmol) and diethyl
azodicarboxylate (12.3 g, 70.6 mmol). The mixture was
stirred at O0C for 2 h and at ambient temperature for
48 h. The mixture was concentrated under vacuum, and
the oily residue was purified by flash silica column
chromatography, yielding the desired product (10.1 g)
as pale yellow solid: Rt = 0.51 in 1:1 EtOAc/hexane.
1H-NMR (CDCl3, 300MHz): d (ppm) 7.76-7.64 (m, 2H),
7.63-7.60 (m, 2H), 3.9-3.8 (dd, IH), 3.70-3.65 (dd,
IH), 3.15 (m, IH), 2.70-2.67 (dd, IH), 2.58-2.55 (dd,
IH).bl. Synthesis of
l-isopropyl-2-oxo-l,2-dihvdroquinolmone-3-carboxylic
acid d S R RV - V
-hvdroxy-B-methanesulfonylamino^propyll- -
azabicyck>r3 .2. lloct-3-yl} amide Following the
procedure of Example 4, replacing racemic
2-oxiranylmethylisoindole- l,3-dione with the chiral
intemiediate of the previous step, the
trifluoroacetate salt of the title compound was
prepared, (mlz): [M+H]+ calcd for C24H34N O5S, 491.24;
found 491.4. Retention time (anal. HPLC: 10-50% MeCN/H
2O over 6 min) = 3.69 min. 1H-NMR (CD3OD, 300MHz): d
(ppm) 8.67 (s, IH), 7.74-7.73 (m, 3H), 7.7-7.6 (dt,
IH), 7.3-7.2 (t, IH), 4.2 (br s, 2H), 4.0 (br m, 2H),
3.2-2.9 (m, 4H), 2.8 (s, 3H), 2.6-2.3 (br m, 6H),
2.2-2.1 (br m, 2H), 1.57-1.55 (d, 6H). The title
compound was also prepared by the following procedure.
a2. Preparation of
-fCSVoxiranylmethyDmethanesulfonamide To a cold
solution of methanesulfonamide (10 g, 0.105 mol) in
water (100 mL) in an ice bath was added sodium
hydroxide as pellets (8.4 g, 0.21 mol) and then
(5)-2-chloromethyloxirane (12.4 g, 0.158 mol). The
mixture was stirred at the same temperature for 2 h,
and at room temperature for 12 h and then concentrated
hydrochloric acid (18 mL) was added. The product was
isolated by extracting the aqueous layer with
dichloromethane (2 x 300 mL). The organic layer was
dried over MgSO4 and then evaporated to dryness,
yielding a colorless liquid (2.5 g), which was used
directly in the 



next step. b2. Synthesis of
l-isopropyl-2-oxo-l,2-dihvdroquinolinone-3-carboxylic
acid iri6'3i?,5i?V8-r(i?)-2-hvdroxy-3-(
'methanesulfonylammo)propyl1-8-
azabicyclo[3.2.1]oct-3-yl) amide To a solution of
l-isopropyl-2-oxo-l,2-dihydroquinolme-3-carboxylic
acid {(15r,3 R,5 )-8-aza-bicyclo[3.2.1]oct-3-yl}amide
(TFA salt; 4 g, 8.8 mmol) in methanol (150 mL) was
added L iV-diisopropylethylamine (1.7 mL, 9.5 mmol),
and the product of the previous step (2.5 g, 18.2
mmol). The mixture was stirred at 80 C for 2 days.
After being concentrated under vacuum, the residue was
purified by preparative HPLC, yielding the
trifluoroacetate salt of the title compound (1.3 g).
(mlz): [M+H]+ calcd for C24H34N4O5S, 491.24; found
491.4. Retention time (anal. HPLC: 10-50% MeCN/H2O
over 6 min) = 3.69 min.Example 23: Synthesis of
l-isopropyI-2-oxo-l,2-dihydroquinolinone-3- carboxylic
acid {(lS,3i?,5i?)-8-[2-hydroxy-3-(l,l-dioxo-2-
isothiazolidinytypropyll- -azabicyclopj.lloct-S-yl}
amide a. Preparation of
l-isopropyl-2-oxo-l.,2-dilivdroquinolmone-3-carboxylic
acid
{(15',3-R.,5.R)-8-[2-livdroxy-3-(3-chloropropanesulfon
ylammo ')propyl]-8- azabicvclo| ~3.2. lloct-3-vU amide
To a cold solution of
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid
{(15',3i?,5i?)-8-[2-liydroxy-3-aminopropyl]-8-azabicyc
lo[3.2.1]oct-3-yl}amide TFA salt (0.125 g, 0.195 mmol)
in dichloromethane (2 mL) in an ice bath was added
N,Ndiisopropylethylamine (0.119 mL, 0.683 mmol) and
3-chloropropanesulfonyl chloride (0.025 mL, 0.205
mmol). After stirring at 0 C for 2 h, the mixture was
stirred at room temperature overnight. It was diluted
with dichloromethane (50 mL), and washed with brine
and saturated NaHCO 3 solution. After drying over MgSO
4, the organic solution was evaporated to dryness,
yielding an oily residue. The crude product was used
directly in next step. b .
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxyh 'c
acid {(l"S',3-R,5i? )-8-[2-
hvdroxy-3-d,l-dioxo-2-isothiazolidinyl)propyll-8-azabi
cyclo[3.2.1]oct-3-yl}amide To a solution of
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(l S,3i ,5i
)-8-[2-hydroxy-3-(3-chloropropanesulfonylamino)propyl]
-8- azabicyclo[3.2.1]oct-3-yl}amide (100 mg, 0.18
mmol) in anhydrous DMF (3 mL) was added potassium
carbonate (75 mg, 0.56 mmol). The reaction mixture was
shaken at 85 C for 12 h, and concentrated under
vacuum. The residue was dissolved in dichloromethane
(50 mL), and washed with saturated NaHCO 3. After
drying over MgSO 4, the filtrate was evaporated to
dryness, and the residue was purified by preparative
HPLC to yield the title compound, (m/z): [M+H] + calcd
for C26H36N4O5S, 517.26; found 517.3. Example 24:
Synthesis of l-isopropyl-2-oxo-l,2-dihydroquinoline-3-
carboxylic acid {(lS53R,5 )-8- [(
)-2-hydroxy-3-(methanesulfonyl-methylamino)
propyl]-8-aza-bicyclo[3.2.1]oct-3-yl} amide a.
Preparation of d.5r,3i?,5.R)-3-[
l-isopropyl-2-oxo-L2-dihvdroquinolme-3-
carbonyl)ammo1-8-azabicvclo[3.2.11octane-8-carboxylic
acid er -butyl ester 



hi a 3 L flask,
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid (112.4 g, 0.486 mol, 1.1 eq) was suspended in
toluene ( 1 L). The mixture was heated to 85 0C
andthionyl chloride (86.74 g, 0.729 mol) was added
dropwise over 70 min. The mixture was heated at 95 0C
for 1.5 h with stirring and then allowed to cool to
room temperature. In a separate 12 L flask,
(15',3i?,5i?)-3-amino-8-azabicyclo[3.2.1]octane-8-
carboxylic acid tert-butyl ester (100.0 g, 0.442 mol,
1 eq) was suspended in toluene (1 L) and 3 M NaOH (4
eq) was added. The mixture was stirred at room
temperature for 10 min and then cooled to about 5 0C.
The acid chloride solution was added slowly with
stirring over 40 min keeping the internal temperature
below 10 0C. The mixture was stirred at 3-5 0C for 30
min and the layers were allowed to separate overnight.
The toluene layer (~2.5 L) was collected, concentrated
to about half (~1.2 L) by rotary evaporation, and used
directly in the next step. b. Preparation of
l-isopropyl-2-oxo-l,2-dihvdroquinolme-3-carboxylic
acid t(lS,3R,5R)~ 8-azabicyclo| 3.2.1 loct-3-yl)amide
To the toluene solution prepared in the previous step
(~1.2 L) was added trifluoroacetic acid (200 mL) over
20 min at 20 0C with stirring. The mixture was stirred
at 20 0C for 2 h. Water ( 1.55 L) was added and the
mixture was stirred for 30 min at 2O 0C. After 30 min,
the mixture separated into three layers. The bottom
layer (~350 mL), a viscous brown oil, contained the
crude intermediate. To a 12 L flask charged with MTBE
(2.8 L), the crude brown oil was added over 1 h at 1-2
0C with stirring. The suspension was stirred at the
same temperature for 1 h and then filtered. The
filtrate was washed with MTBE (2 x 300 mL) and dried
under vacuum at room temperature for 4 days to provide
the rrifluoroacetate salt of the title intermediate
(163.3 g) as a pale yellow powder. c. Preparation of
-methyl- -[(>y)-2-oxiran-2-ylmethyllmethanesulfonamide
A 12 L flask was charged with water (1 L) followed by
the addition NaOH (50 % in water, 146.81 g, 1.835
mol). The beaker containing NaOH was washed with water
(2 x 500 mL) and the washings were added to the flask.
The mixture was stirred at room temperature for 10 min
and cooled to ~8 0C. ( -methyl)methanesulfonamide
(200.2 g, 1.835 mol) in water (500 mL) was added over
5 min. The mixture was stirred for 1 h at ~4 0C and
(S)-2-chloromethyloxirane (339.6 g, 3.67 mol) was
added. The mixture was stirred for 20 h at 3-4 0C.
Dichloromethane (2 L) was added and the mixture was
stirred for 30 min at 5-10 0C. The two layers were
allowed to separate over 10 min and collected. The
organic layer (~2.5 L) was added back to the 12 L
flask and washed with 1M H3PO4 (800 mL) and brine (800
mL). Dichloromethane was removed by rotaryevaporation.
To the crude product, toluene (400 mL) was added and
removed by rotary evaporation. After three additional
cycles of the toluene process, the title intermediate
was obtained (228.2 g) which was used without further
purification in the next step. d. Synthesis of
l-isopropyl-2-oxo-l,2-dihvdroquinoline-3-carboxylic
acid {(IS,3R,5R)-S-
[(i?V2-hvdroxy-3-rmethanesulfonyl-methyl-amino)propyl]
-8-aza-bicyclor3.2.noct-3- yll amide hi a 3 L flask,
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l i?,3 ,5 )-8-azabicyclo[3.2.1]oct-3-yl}amide
trifluoroacetate (105.0 g, 0.232 mol) was suspended in
absolute ethanol (400 mL). To this suspension, NaOH
(50 % in water, 



0.243 mol. 1.05 eq) dissolved in absolute ethanol (100
mL) was added at room temperature. The beaker
containing the NaOH was washed with ethanol (2 x 50
mL) and the washings were added to the reaction
mixture. After 30 min of stirring, a solution of
7V-methyl-
-[(5)-2-oxiran-2-ylmethyl]methanesulfonamide (62.0 g,
1.5 eq) in absolute ethanol (100 mL) was added. The
mixture was refluxed for 2 h, cooled to room
temperature and seed crystals of the title compound
were added. After about 5 min of stirring a white
solid formed. The mixture was cooled to 3-5 0C and
stirred for 2 h. The white solid was filtered and the
wet cake was washed with cold absolute ethanol (3 x 50
mL). The solid was dried under vacuum at 30 0C for 60
h to provide the title compound (93.8 g, water content
by Karl Fischer method 2.03 %). 1H NMR (CDCl3) d ppm
10.52 (d, IH), 8.83 (s, IH), 7.75 (d, 2H), 7.64-7.60
(m, 2H), 7.28-7.26 m, IH), 4.33-4.26 (m, 2H),
3.78-3.75 (m, IH), 3.27-3.20 (m, 4H), 3.01 (s, 3H),
2.88 (s, 3H), 2.58- 2.53 (m, IH), 2.30-1.81(m, 11H),
1.68 (d, 6H). The seed crystals were obtained from a
previous preparation of the title compound by the
method of this example at smaller scale, in which
crystallization occurred spontaneously. Example 25:
Synthesis of l-isopropyl-2-oxo~l,2-dihydroquinoIine-3-
carboxylic acid {(l S,3R,5
)-8-[(R)-2-hydroxy-3-(methanesulfonyl-methylamino)
propyl]-8-aza-bicyclo[3.2.1]oct-3-yl} amide
hydrochloride hi a 1 L flask,
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid
{(15',3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonyl-me
thyl-amino) rroryl]-8-azabicyclo[ 3.2.1]oct-3-yl}amide
(34.7 g, 0.069 mol) was suspended in absolute ethanol
(210 mL). Concentrated HCl (1.1 eq) was added at room
temperature with stirring. The mixture was stirred at
reflux for 30 min and cooled to room temperature and
stirred for2 h. The solid was filtered and the wet
cake was washed with cold absolute ethanol (3 x 50
mL). The solid was dried under vacuum at 30 0C for 48
h to provide the title compound (34.5 g, 93.7 % yield,
water content by Karl Fischer method 0.13 %). Example
26: Synthesis of citric acid salt of
l-isopropyI-2-oxo-l,2- dihydroquinoline-3-carboxylic
acid {(l S,3 ,5 )-8-[(R)-2-hydroxy-3-
(methanesuIfonyl-methyl-amino)propyl]-8-aza-bicyclo[3.
2.1]oct-3-yI} amide
l-Isopropyl^-oxo-l^-dihydroquinoline-S-carboxylic acid
{(lS,3R,5R)-8-[(R)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-aza-
bicyclo[3.2.1]oct-3-yl} amide (0.1 g, 0.2 mmol) was
suspended in ethanol ( 1 mL). To this suspension was
added a IM solution of citric acid in ethanol (0.072
mL, 0.072 mmol, 0.33 eq). The mixture was briefly
sonicated until clarity, capped, and then allowed to
sit overnight. The cap was then removed and the
mixture was allowed to evaporate under ambient
conditions until solids were observed. The mixture was
then recapped and allowed to sit for 72 h. The
resulting solid was filtered and washed with cold
ethanol to give the title compound as a solid (74.3
mg). Example 27: Synthesis of acid salts of
l-isopropyl-2-oxo-l,2- dihydroquinoline-3-carboxylic
acid {(l S,3R,5R)-8-[(R)-2-hydroxy-3-
(methanesulfonyl-methyl-aminoJpropyll-S-aza-bicycloP^.
lloct-S-yl} amide Following the procedure of Example
26, the acid salts of l-isopropyl-2-oxo-l,2- 



dihydroquinoline-3-carboxylic acid {( l S,3i
55i?)-8-[(i?)-2-hydroxy-3-(methanesulfonylmethyl-
amino)propyl]-8-aza-bicyclo[3.2.1]oct-3-yl} amide
listed below in Table m were prepared in solid form
using the indicated equivalents of acid. Table DI:
Acid SaltsExample 28: Synthesis of methanesulfonic
acid salt of l-isopropyl-2-oxo-l,2-
dihydroquinoline-3-carboxylic acid {(1S,3R,5R)-S-[(
)-2-hydroxy-3-
(methanesulfonyl-methyl-amino)propyl]-8-aza-bicyclo[3.
2.1]oct-3-yl} amide To a solution of
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid
{(15,3i?,5i?)-8-[(i?)-2-hydroxy-3-(metlianesulfonyl-me
tliyl-ammo)propyl]-8-azabicyclo[ 3.2.1]oct-3-yl}amide
(0.1 g, 0.2 mmol) in 50 % acetonitrile/water (1 niL)
was added a IM solution of methanesulfonic acid in
ethanol (0.2 niL, 0.2 mmol, 1 eq). The mixture was
then frozen and lyophilized to dryness overnight. The
resulting solid was dissolved in isopropanol (1 mL)
with gentle warming and allowed to cool. The resulting
solid was collected by filtration and washed with cold
isopropanol to give the title compound as a solid (90
mg). Example 29: Synthesis of acid salts of
l-isopropyI-2-oxo-l,2- dihydroquinoline-3-carboxylic
acid {(lS,3R,5R)-8- [( )-2-hydroxy~3-
(methanesulfonyl-methyl-amino)propyl]-8-aza-bicyclo[3.
2.1]oct-3-yl} amide Following the procedure of Example
28, the acid salts of l-isopropyl-2-oxo-l,2-
dihydroquinoline-3-carboxylic acid
{(l,3i?,5i?)-8-[(i?)-2-hydroxy-3-(methanesulfonylmethy
l- amino)propyl]-8-aza-bicyclo[3.2.1]oct-3-yl}amide
listed below in Table IV were prepared in solid form
using the indicated equivalents of acid. Table IV:
Acid Salts Assay 1: Radioligand Binding Assay on
5-HT4(C) Human Receptors a. Membrane Preparation 5-HT4
) HEK-293 (human embryonic kidney) cells
stably-transfected with human 5-HT4(C) receptor cDNA
(Bmax = ~ 6.0 pmol/mg protein, as determined using [
H]-GRl 13808 membrane radioligand binding assay) were
grown in T-225 flasks in Dulbecco's Modified Eagles
Medium (DMEM) containing 4,500 mg/L D-glucose and
pyridoxine hydrochloride (GIBCO-Invitrogen Corp.,
Carlsbad CA: Cat #11965) supplemented with 10% fetal
bovine serum (FBS) (GIBCO-hivitrogen Corp.: Cat
#10437), 2 mM L-glutamine and (100 units)
penicillin-(100 mg) streptomycin/ml (GIBCO-Invitrogen
Corp.: Cat #15140) ina 5% CO2, humidified incubator at
37 0C. Cells were grown under continuous selection
pressure by the addition of 800 mg/mL geneticin
(GIBCO-Invitrogen Corp.: Cat #10131) to the medium.
Cells were grown to roughly 60-80% confluency (< 35
subculture passages). At 20-22 hours prior to
harvesting, cells were washed twice and fed with
serum-free DMEM. All steps of the membrane preparation
were performed on ice. The cell monolayer was lifted
by gentle mechanical agitation and trituration with a
25 mL pipette. Cells were collected by centrifugation
at 1000 rpm (5 min). For the membrane preparation,
cell pellets were resuspended in ice-cold 50 mM
4-(2-hydroxyethyl)-l-piperazineethanesulphonic acid
(HEPES), pH 7.4 (membrane preparation buffer) (40
mL/total cell yield from 30-40 T225 flasks) and
homogenized using a polytron disrupter (setting 19, 2
x 10 s) on ice. The resultant homogenates were 



centrifuged at 1200 g for 5 min at 40C. The pellet was
discarded and the supernatant centrifuged at 40,000 g
(20 min). The pellet was washed once by resuspension
with membrane preparation buffer and centrifugation at
40,000 g (20 min). The final pellet was resuspended in
50 mM HEPES, pH 7.4 (assay buffer) (equivalent 1 T225
flask/1 mL). Protein concentration of the membrane
suspension was determined by the method of Bradford
(Bradford, 1976). Membranes were stored frozen in
aliquots at -80 0C. b. Radioligand Binding Assays
Radioligand binding assays were performed in 1.1 mL
96- deep well polypropylene assay plates (Axygen) in a
total assay volume of 400 mL containing 2 mg membrane
protein in 50 mM HEPES pH 7.4, containing 0.025%
bovine serum albumin (BSA). Saturation binding studies
for determination of K< values of the radioligand were
performed using [3H]-GRl 13808 (Amersham Inc., Bucks,
UK: Cat #TRK944; specific activity ~82 Ci/mmol) at
8-12 different concentrations ranging from 0.001
nM-5.0 nM. Displacement assays for determination of
pK, values of compounds were performed with [3H]-GRl
13808 at 0.15 nM and eleven different concentrations
of compound ranging from l OpM - lOO mM. Test
compounds were received as 10 mM stock solutions in
DMSO and diluted to 400 mM into 50 mM HEPES pH 7.4 at
250C, containing 0.1% BSA, and serial dilutions (1:5)
then made in the same buffer. Non-specific binding was
determined in the presenceof 1 mM unlabeled GRl 13808.
Assays were incubated for 60 min at room temperature,
and then the binding reactions were terminated by
rapid filtration over 96-well GF/B glass fiber filter
plates (Packard BioScience Co., Meriden, CT) presoaked
in 0.3% polyethyleneimine. Filter plates were washed
three times with filtration buffer (icecold 5OmM
HEPES, pH7.4) to remove unbound radioactivity. Plates
were dried, 35 mL Microscint-20 liquid scintillation
fluid (Packard BioScience Co., Meriden, CT) was added
to each well and plates were counted in a Packard
Topcount liquid scintillation counter (Packard
BioScience Co., Meriden, CT). Binding data were
analyzed by nonlinear regression analysis with the
GraphPad Prism Software package (GraphPad Software,
hie, San Diego, CA) using the 3-parameter model for
one-site competition. The BOTTOM (curve minimum) was
fixed to the value for nonspecific binding, as
determined in the presence of 1 mM GRl 13808. Ki
values for test compounds were calculated, in Prism,
from the best-fit IC 0 values, and the Kd value of the
radioligand, using the Cheng-Prusoff equation (Cheng
and Prusoff, Biochemical Pharmacology, 1973, 22,
3099-108): Ki = IC50 / ( 1 + [L]ZBCd ) where [L] =
concentration [3H]-GRl 13808. Results are expressed as
the negative decadic logarithm of the Kj values, pKi.
Test compounds having a higher pKi value in this assay
have a higher binding . affinity for the 5-HT 4
receptor. The compounds of the invention which were
tested in this assay had a pKi value ranging from
about 6.3 to about 9.0, typically ranging from about
6.5 to about 8.5. Assay 2 : Radioligand Binding Assay
on 5-HT3A Human Receptors: Determination of Receptor
Subtype Selectivity 



a. HEK-293 (human embryonic kidney) cells
stably-transfected with human 5-HT 3A receptor cDNA
were obtained from Dr. Michael Bruess (University of
Bonn, GDR) (Bmax = ~ 9.0 pmol/mg protein, as
determined using [ H]-GR65630 membrane radioligand
binding assay). Cells were grown in T-225 flasks or
cell factories in 50% Dulbecco's Modified Eagles
Medium (DMEM) (GIBCO-Invitrogen Corp., Carlsbad, CA:
Cat # 11965) and 50% Ham's F12 (GIBCO-Invitrogen
Corp.: Cat # 11765) supplemented with 10% heat
inactivated fetal bovine serum (FBS) (Hyclone, Logan,
UT: Cat#SH30070.03) and (50 units) renicillin-(50 mg)
streptomycin/ml (GIBCO-Invitrogen Corp.: Cat #15140)
in a 5% CO2, humidified incubator at 37 0C. Cells were
grown to roughly 70-80% confluency (< 35 subculture
passages). All steps of the membrane preparation were
performed on ice. To harvest the cells, the media was
aspirated and cells were rinsed with Ca2+,Mg2+-free
Dulbecco's phosphate buffered saline (dPBS). The cell
monolayer was lifted by gentle mechanical agitation.
Cells were collected by centrifugation at 1000 rpm (5
min). Subsequent steps of the membrane preparation
followed the protocol described above for the
membranes expressing 5-HT4(C) receptors. b.
Radioligand Binding Assays Radioligand binding assays
were performed in 96-well polypropylene assay plates
in a total assay volume of 200 mL containing 1.5-2 mg
membrane protein in 50 niM HEPES pH 7.4, containing
0.025% BSA assay buffer. Saturation binding studies
for determination of K values of the radioligand were
performed using [3H]-GR65630 (PerkinElmer Life
Sciences Inc., Boston, MA: Cat #NET101 1, specific
activity -85 Ci/mmol) at twelve different
concentrations ranging from 0.005 nM to 20 nM.
Displacement assays for determination of pK; values of
compounds were performed with [3H]-GR65630 at 0.50 nM
and eleven different concentrations of compound
ranging from 10 pM to 100 mM. Compounds were received
as 10 mM stock solutions in DMSO (see section 3.1),
diluted to 400 mM into 50 mM HEPES pH 7.4 at 250C,
containing 0.1% BSA, and serial (1:5) dilutions then
made in the same buffer. Non-specific binding was
determined in the presence of 10 mM unlabeled
MDL72222. Assays were incubated for 60 min at room
temperature, then the binding reactions were
terminated by rapid filtration over 96-well GF/B glass
fiber filter plates (Packard BioScience Co., Meriden,
CT) presoaked in 0.3% polyethyleneimine. Filter plates
were washed three times with filtration buffer
(ice-cold 5OmM HEPES, pH7.4) to remove unbound
radioactivity. Plates were dried, 35 mL Microscint-20
liquid scintillation fluid (Packard BioScience Co.,
Meriden, CT) was added to each well and plates were
counted in a Packard Topcount liquid scintillation
counter (Packard BioScience Co., Meriden, CT). Binding
data were analyzed using the non-linear regression
procedure described above to determine K values. The
BOTTOM (curve minimum) was fixed to the value
fornonspecific binding, as determined in the presence
of 10 mM MDL72222. The quantity [L] in the
Cheng-Prusoff equation was defined as the
concentration [3H]-GR65630. Selectivity for the 5-HT4
receptor subtype with respect to the 5-HT3 receptor
subtype was calculated as the ratio
Ki(5-HT3A)/Ki(5-HT4(c)) . The compounds of the
invention which were tested in this assay had a
5-HT4/5-HT3 receptor subtype selectivity 



ranging from about 50 to about 8000, typically ranging
from about 100 to about 4000, Assay 3: Whole-cell cAMP
Accumulation Flashplate Assay with HEK-293 cells
expressing human 5-HT 4(C) Receptors In this assay,
the functional potency of a test compound was
determined by measuring the amount of cyclic AMP
produced when HEK-293 cells expressing 5-HT4 receptors
were contacted with different concentrations of test
compound. a. Cell Culture HEK-293 (human embryonic
kidney) cells stably-transfected with cloned human
5-HT4(C) receptor cDNA were prepared expressing the
receptor at two different densities: (1) at a density
of about 0.5-0.6 pmol/mg protein, as determined using
a [3H]-GRl 13808 membrane radioligand binding assay,
and (2) at a density of about 6.0 pmol/mg protein. The
cells were grown in T-225 flasks in Dulbecco's
Modified Eagles Medium (DMEM) containing 4,500 mg/L
D-glucose (GIBCO-Invitrogen Corp.: Cat #11965)
supplemented with 10% fetal bovine serum (FBS)
(GIBCO-Invitrogen Corp.: Cat #10437) and (100 units)
penicillin-(100 mg) streptomycin/ml (GIBCO-Invitrogen
Corp.: Cat #15140) in a 5% CO2, humidified incubator
at 370C. Cells were grown under continuous selection
pressure by the addition of geneticin (800 mg/mL:
GIBCO-Invitrogen Corp.: Cat #10131) to the medium. b.
Cell Preparation Cells were grown to roughly 60-80%
confluency. Twenty to twenty-two hours prior to assay,
cells were washed twice, and fed, with serum-free DMEM
containing 4,500 mg/L D-glucose (GIBCO-Invitrogen
Corp.: Cat # 11965). To harvest the cells, the media
was aspirated and 10 mL Versene (GIBCO-InvitiOgen
Corp.: Cat #15040) was added to each T-225 flask.
Cells were incubated for 5 min at RT and then
dislodged from the flask by mechanical agitation. The
cell suspension was transferred to a centrifuge tube
containing an equal volume of pre-warmed (370C) dPBS
and centrifuged for 5 min at 1000 rpm. The supernatant
was discarded and the pellet was re-suspended in
pre-warmed(370C) stimulation buffer (1OmL equivalent
per 2-3 T-225 flasks). This time was noted and marked
as time zero. The cells were counted with a Coulter
counter (count above 8 mm, flask yield was 1-2 x 107
cells/flask). Cells were resuspended at a
concentration of 5 x 105 cells/ml in pre-warmed (370C)
stimulation buffer (as provided in the flashplate kit)
and preincubated at 370C for 10 min. cAMP assays were
performed in a radioimmunoassay format using the
Flashplate Adenylyl Cyclase Activation Assay System
with 125I-cAMP (SMP004B, PerkinEhner Life Sciences
Inc., Boston, MA), according to the manufacturer's
instructions. Cells were grown and prepared as
described above. Final cell concentrations in the
assay were 25 x 103 cells/well and the final assay
volume was 100 mL. Test compounds were received as 10
niM stock solutions in DMSO5 diluted to 400 mM into 50
niM HEPES pH 7.4 at 250C, containing 0.1% BSA, and
serial (1:5) dilutions then made in the same buffer.
Cyclic AMP accumulation assays were performed with 11
different concentrations of compound ranging from 10
pM to 100 mM (final assay concentrations). A 5-HT
concentration-response curve (10 pM to 100 mM) was
included on every plate. The cells were incubated,
with shaking, at 37C for 15 min and the 



reaction terminated by addition of 100 ml of ice-cold
detection buffer (as provided in the flashplate kit)
to each well. The plates were sealed and incubated at
40C overnight. Bound radioactivity was quantified by
scintillation proximity spectroscopy using the
Topcount (Packard BioScience Co., Meriden, CT). The
amount of cAMP produced per mL of reaction was
extrapolated from the cAMP standard curve, according
to the instructions provided in the manufacturer's
user manual. Data were analyzed by nonlinear
regression analysis with the GraphPad Prism Software
package using the 3-parameter sigmoidal dose-response
model (slope constrained to unity). Potency data are
reported as pECso values, the negative decadic
logarithm of the EC50 value, where EC5 is the
effective concentration for a 50 % maximal response.
Test compounds exhibiting a higher pEC50 value in this
assay have a higher potency for agonizing the 5-HT4
receptor. The compounds of the invention which were
tested in this assay, for example, in the cell line
(1) having a density of about 0.5-0.6 pmol/mg protein,
had a pECso value ranging from about 7.0 to about 9.0,
typically ranging from about 7.5 to about 8.5.Assay 4:
In vitro Voltage Clamp Assay of Inhibition of
Potassium Ion Current in Whole Cells Expressing the
hERG Cardiac Potassium Channel CHO-Kl cells stably
transfected with hERG cDNA were obtained from Gail
Robertson at the University of Wisconsin. Cells were
held in cryogenic storage until needed. Cells were
expanded and passaged in Dulbecco's Modified Eagles
Medium/F12 supplemented with 10 % fetal bovine serum
and 200 mg/mL geneticin. Cells were seeded onto
poly-D-lysine (100 mg/mL) coated glass coverslips, in
35 mm2 dishes (containing 2 mL medium) at a density
that enabled isolated cells to be selected for whole
cell voltageclamp studies. The dishes were maintained
in a humidified, 5% CO2 environment at 370C.
Extracellular solution was prepared at least every 7
days and stored at 40C when not in use. The
extracellular solution contained (niM): NaCl (137),
KCl (4), CaCl2 (1.8), MgCl2 (1), Glucose (10),
4-(2-hydroxyethyl)-l-piperazineethanesulphonic acid
(HEPES) (10), pH 7.4 with NaOH. The extracellular
solution, in the absence or presence of test compound,
was contained in reservoirs, from which it flowed into
the recording chamber at approximately 0.5 mL/min. The
intracellular solution was prepared, aliquoted and
stored at -2O0C until the day of use. The
intracellular solution contained (niM): KCl (130),
MgCl2 (1), ethylene glycol-bis(beta-aminoethyl ether)
N,N,N',N'-tetra acetic acid salt (EGTA) (5), MgATP
(5), 4-(2-hydroxyethyl)-l-piperazineethanesulphonic
acid (HEPES) (10), pH 7.2 with KOH. All experiments
were performed at room temperature (20-220C). The
coverslips on which the cells were seeded were
transferred to a recording chamber and perfused
continuously. Gigaohm seals were formed between the
cell and the patch electrode. Once a stable patch was
achieved, recording commenced in the voltage clamp
mode, with the initial holding potential at -80 mV.
After a stable whole-cell current was achieved, the
cells were exposed to test compound. The standard
voltage protocol was: step from the holding potential
of -80 mV to +20 mV for 4.8 sec, repolarize to -50 mV
for 5 sec and then return to the original holding
potential (-80 mV). This voltage protocol was run once
every 15 sec (0.067 Hz). Peak current amplitudes
during 



the repolarization phase were determined using pClamp
software. Test compounds at a concentration of 3 mM
were perfused over the cells for 5 minutes, followed
by a 5-minute washout period in the absence of
compound. Finally a positive control (cisapride, 20
nM) was added to the perfusate to test the function of
the cell. The step from -80 mV to +20 mV activates the
hERG channel, resulting in an outward current. The
step back to -50 mVresults in an outward tail current,
as the channel recovers from inactivation and
deactivates. Peak current amplitudes during the
repolarization phase were determined using pCLAMP
software. The control and test article data were
exported to Origin(r) (OriginLab Corp., Northampton
MA) where the individual current amplitudes were
normalized to the initial current amplitude in the
absence of compound. The normalized current means and
standard errors for each condition were calculated and
plotted versus the time course of the experiment.
Comparisons were made between the observed K current
inhibitions after the five-minute exposure to either
the test article or vehicle control (usually 0.3
%DMSO). Statistical comparisons between experimental
groups were performed using a twopopulation,
independent t-test (Microcal Origin v. 6.0).
Differences were considered significant at p < 0.05.
The smaller the percentage inhibition of the potassium
ion current in this assay, the smaller the potential
for test compounds to change the pattern of cardiac
repolarization when used as therapeutic agents. The
compounds of the invention which were tested in this
assay at a concentration of 3 mM exhibited an
inhibition of the potassium ion current of less than
about 20 %, typically, less than about 15 %. Assay 5 :
In vitro Model of Oral Bioavailability: Caco-2
Permeation Assay The Caco-2 permeation assay was
performed to model the ability of test compounds to
pass through the intestine and get into the blood
stream after oral administration. The rate at which
test compounds in solution permeate a cell monolayer
designed to mimic the tight junction of human small
intestinal monolayers was determined. Caco-2 (colon,
adenocarcinoma; human) cells were obtained from ATCC
(American Type Culture Collection; Rockville, MD). For
the permeation study, cells were seeded at a density
of 63,000 cells/cm2 on pre-wetted transwells
polycarbonate filters (Costar; Cambridge, MA). A cell
monolayer was formed after 2 1 days in culture.
Following cell culture in the transwell plate, the
membrane containing the cell monolayer was detached
from the transwell plate and inserted into the
diffusion chamber (Costar; Cambridge, MA). The
diffusion chamber was inserted into the heating block
which was equipped with circulating external,
thermostatically regulated 37 C water for
temperaturecontrol. The air manifold delivered 95%
O2/5% CO2 to each half of a diffusion chamber and
created a laminar flow pattern across the cell
monolayer, which was effective in reducing the
unstirred boundary layer. The permeation study was
performed with test compound concentrations at 100 mM
and with 14C-mannitol to monitor the integrity of the
monolayer. AU experiments were conducted at 37 0C for
60 min. Samples were taken at 0, 30 and 60 min from
both the donor and receiver sides of the chamber.
Samples were analyzed by 



HPLC or liquid scintillation counting for test
compound and mannitol concentrations. The permeation
coefficient (Kp) in cm/sec was calculated. hi this
assay, a Kp value greater than about 10 x 10 6 cm/sec
is considered indicative of favorable bioavailability.
The compounds of the invention that were tested in
this assay exhibited Kp values of between about 10 x
10 6 cm/sec and about 50 x 10 6 cm/sec, typically
between about 20 x 10 6 cm/sec and about 40 x 10 6
cm/sec. Assay 6: Pharmacokinetic Study in the Rat
Aqueous solution formulations of test compounds were
prepared in 0.1 % lactic acid at a pH of between about
5 and about 6. Male Sprague-Dawley rats (CD strain,
Charles River Laboratories, Wilmington, MA) were dosed
with test compounds via intravenous administration
(IV) at a dose of 2.5 mg/kg or by oral gavage (PO) at
a dose of 5 mg/kg. The dosing volume was 1 mL/kg for
IV and 2 niL/kg for PO administration. Serial blood
samples were collected from animals pre-dose, and at 2
(IV only), 5, 15, and 30 min, and at 1, 2, 4, 8, and
24 hours post-dose. Concentrations of test compounds
in blood plasma were determined by liquid
chromatography-mass spectrometry analysis (LC-MS/MS)
(MDS SCIEX, API 4000, Applied Biosystems, Foster City,
CA) with a lower limit of quantitation of 1 ng/mL.
Standard pharmacokinetic parameters were assessed by
non-compartmental analysis (Model 201 for IV and Model
200 for PO) using WinNonlin (Version 4.0.1, Pharsight,
Mountain View, CA). The maximum in the curve of test
compound concentration in blood plasma vs. time is
denoted Cmax. The area under the concentration vs.
time curve from the time of dosing to the last
measurable concentration (AUC(O-t)) was calculated by
the linear trapezoidal rule. Oral bioavailability
(F(%)), i.e. the dosenormalized ratio of AUC(O-t) for
PO administration to AUC(O-t) for TV administration,
was calculated as:F(%) = AUCpo/AUCivx Doseiy/Dosepo x
100% Test compounds which exhibit larger values of the
parameters Cmax, AUC(O-t), and F(%) in this assay are
expected to have greater bioavailability when
administered orally. The compounds of the invention
that were tested in this assay had Cmax values
typically ranging from about 0.1 to about 0.25 mg/mL
and AUC(O-t) values typically ranging from about 0.4
to about 0.9 mg-hr/mL. By way of example, the compound
of Example 1 had a Cmax value of 0.17 mg/mL, an
AUC(O-t) value of 0.66 mg-hr/mL and oral
bioavailability (F(%)) in the rat model of about 35 %.
While the present invention has been described with
reference to the specific embodiments thereof, it
should be understood by those skilled in the art that
various changes may be made and equivalents may be
substituted without departing from the true spirit and
scope of the invention. In addition, many
modifications may be made to adapt a particular
situation, material, composition of matter, process,
process step or steps, to the objective, spirit and
scope of the present invention. All such modifications
are intended to be within the scope of the claims
appended hereto. Additionally, all publications,
patents, and patent documents cited hereinabove are
incorporated by reference herein in full, as though
individually incorporated by reference.WHAT IS CLAIMED
IS: 1. A compound of formula (I): 



(I) wherein: R1 is hydrogen, halo, hydroxy, C1-4alkyl,
or C1-4alkoxy; R2 is C3-4alkyl, or C3-6cycloalkyl; R3
is hydrogen or C1-3alkyl; R4 is - S(O)2R6 or - C(O)R7;
R5 is hydrogen, C1-3alkyl, C2-3alkyl substituted with
-OH or C1-3alkoxy, or -CH2-pyridyl; R6 is Ci.3alkyl;
or, R5 and R6 taken together form C3.4alkylenyl; and
R7 is hydrogen, C1-3alkyl, or pyridyl; or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof. 2. The compound of Claim 1
wherein R5 is hydrogen, C1-3alkyl, C2-3alkyl
substituted with -OH or C^alkoxy, or -CH2- pyridyl;
and R6 is C1-3alkyl. 3 The compound of Claim 2 wherein
R1 is hydrogen or halo. 4. The compound of Claim 2
wherein R2 is C3-4alkyl. 5. The compound of Claim 2
wherein R4 is-S(O)2R6. 6. The compound of Claim 5
wherein R is-S(O)2CH3.7. The compound of Claim 2
wherein R4 is - C(O)R7. 8. The compound of Claim 7
wherein R7 is hydrogen or methyl. 9. The compound of
Claim 2 wherein R5 is hydrogen or methyl. 10. The
compound of Claim 2 wherein: R1 is hydrogen; R2 is
C3-4alkyl or C4-5cycloalkyl; R3 is hydrogen; R4 is -
S(O)2R6 or - C(O)R7; R5 is hydrogen or C1-3alkyl; R6
is C1-3alkyl; and R7 is hydrogen or C1-3alkyl. 11. The
compound of Claim 1 wherein the compound is selected
from:
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(lS,3R,5R)-S-[2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3.2.1]oct-3-yl}amide;
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(lS,3R,5R)-S-[2-
methoxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3.2.1]oct-3-yl}amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid (1 ,3 , )-S-[ - (methanesulfonyl-pyridin-3
-ylmethyl-amino)-2-methoxypropyl] -8-azabicyclo
[3.2.1]oct-3- yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(l,3iJ,5iJ)-8-[2-
hydroxy-3-methanesulfonylamino)propyl]-8-azabicyclo[3
.2. 1]oct-3-yl} amide; 1-isopropyl-2-oxo-
1,2-dihydroqumorme-3-carboxyric acid (I 5 i
J5SiJ)-S-[S- (methanesulfonyl-pyridin-3
-ylmethyl-amino)-2-hydroxypropyl] -8-azabicyclo [3
.2.1] oct-3- 



yl} amide; l-iso rroryl-2-oxo-l
52-dihydroquinoline-3-carboxylic acid {(l
53iJ55iJ)-8-[(iJ)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3.2.1]oct-3-yl} amide; l-isopropyl-2-oxo-l
2-dihydroquinoline-3-carboxylic acid
{(16,3i?,5i?)-8-[( S)-2 -
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3.2.1]oct-3-yl}amide;l-isopropyl-2-oxo-l
52-dihydroquinolinone-3-carboxyric acid
hydroxy-3-[metliyl-(pyridine-4-carbonyl)amino]propyl]-
8-azabicyclo[3.2.1]oct-3- yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(lS,3iJ55iJ)-8-[2-
hydroxy-3-[(pyridine-4-carbonyl)ammo]propyl]-8-azabicy
clo[3 .2. 1]oct-3-yl} amide; l-isopropyl-2-oxo-l
2-dihydroquinoline-3-carboxylic acid {(l
S53iJ,5iJ)-8-[3-
(acetyl-methyl-amino)-2-methoxypropyl]-8-azabicyclo[3.
2.1]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinolinone-3-carboxylic
acid {(lS53iJ,5iJ)-8-[2-
methoxy-3-[methyl-(pyridine-4-carbonyl)amino]propyl]-8
-azabicyclo[3 .2. 1]oct-3- yl} amide;
l-isopropyl-2-oxo-l,2-dihydro-quinoline-3-carboxylic
acid ((l S,3iJ,5iJ)-8-[3-
(acetyl-pyridin-3-ylmethyl-amino)-2-methoxypropyl]-8-a
zabicyclo[3.2.1]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydro-quinoline-3-carboxylic
acid ((l S53iJ,5iJ)-8-[3-
acetylamino-2-hydroxypropyl]-8-azabicyclo[3.2.1]oct-3-
yl}amide;
l-isopropyl-2-oxo-l,2-dihydro-quinoline-3-carboxylic
acid {(lS,3iJ,5iJ)-8-[3-
(acetyl-metliyl-amino)-2-hydroxypropyl]-8-azabicyclo[3
.2.1]oct-3-yl} amide; 1-isopropyl-2-oxo-
1,2-dihydro-quinoline-3-carboxylic acid ((I
S,3R55R)-8-[3-
(fontiyl-metliyl-amino)-2-]iydroxypropyl]-8-azabicyclo
[3.2.1]oct-3-yl}amid; 1-isopropyl-2-oxo-
l^-dihydro-quinoline-S-carboxylic acid {(l
S,3iJ,5iJ)-8-[3-
foraiylamino^-hydroxypropylJ-S-azabicyclofS^.lJoct-S-y
llamide; 1-isopropyl-2-oxo-
152-dihydro-quinoline-3-carboxylic acid ((l
S53iJ,5iJ)-8-[(iJ)-3-
(acetyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3.
2.1]oct-3-yl}amide; 1-isopropyl-2-oxo- l
52-dihydro-quinoline-3-carboxylic acid
{(lS,3iJ,5iJ)-8-[(iJ)-3-
(formyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3.
2.1]oct-3-yl}amide;
5-bromo-l-isopropyl-2-oxo-l,2-diriydroquinolme-3-carbo
xylic acid {(lS,3iJ,5iJ)-
8-[(iJ)-2-hydroxy-3-(methanesulfonyl-methyl-ammo)propy
l]-8-azabicyclo[3.2.1]oct-3- yl} amide;
1-isopropyl-2-oxo- l,2-dihydroquinolinone-3-carboxylic
acid {(lS,3iJ,5iJ)-8-[2-
hydroxy-3-(methanesulfonyl-ethylamino)propyl]-8-azabic
yclo[3.2.1]oct-3-yl}amide; 1-isopropyl-2-oxo- l
52-dihydroquiiiolinone-3-carboxylic acid
{(lS,3iJ,5iJ)-8-[(iJ)-
2-b.ydroxy-3-(methanesulfonylamino)propyl]-8-azabicycl
o[3.2.1]oct-3-yl} amide; and 1-isopropyl-2-oxo-
l^-dihydroquinolinone-S-carboxylic acid
{(lS,3iJ,5iJ)-8-[2- hydroxy-3-(l
,1-dioxo-2-isothiazolidinyl)propyl]-8-azabicyclo[3 .2.
1]oct-3-yl} amide; andpharmaceutically-acceptable
salts and solvates and stereoisomers thereof. 12. The
compound of Claim 2 wherein the compound is selected
from:
l-isopropyl^-oxo-l^-dihydroquinoline-S-carboxylic acid
{(lS,3i?,5i?)-8-[2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo [3.2. 1]oct-3-yl} amide; 1-isopropyl-2-oxo-
1,2-dihydroquinoline-3-carboxylic acid
{(15',3i?,5i?)-8-[2-
hydroxy-3-(methanesulfonylamino)propyl]-8-aza-bicyclo[
3.2.1]oct-3-yl}amide; 



1-isopropyl-2-oxo- 1,2-dihydroqumolme-3 -carboxylic
acid {(1S,3i?,5i?)-8-[(i?)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)
rropyl]-8-azabicyclo[3.2.1]oct-3-yl}amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(lS,3i?,5i?)-8-[(S)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3 .2. l]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid ((1S5 i - SiJ)-S-[S-
(acetyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3
.2. l]oct-3-yl} amide; 1-isopropyl-2-oxo- l
52-dihydroquinoline-3 -carboxylic acid {(l
S,3i?,5i?)-8-[3-
(formyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3.
2.1]oct-3-yl} amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l S,3i?,5i?)-8-[(i?)-3-
(acetyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3.
2.1]oct-3-yl} amide; 1-isopropyl-2-oxo-
l,2-dihydroquinoline-3 -carboxylic acid {(l
S,3i?,5i?)~8-[(i?)-3-
(fopnyl-methyl-amino)-2-hydroxypropyl]-8-azabicyclo[3.
2.1]oct-3-yl} amide; 1-isopropyl-2-oxo-
l,2-dihydroqumolinone-3-carboxylic acid
{(lS,3i?,5i?)-8-[(i?)-
2-hydroxy-3-(methanesulfonylamino)propyl]-8-azabicyclo
[3.2.1]oct-3-yl} amide; and
pharmaceutically-acceptable salts and solvates and
stereoisomers thereof. 13. The compound of Claim 12
wherein the compound is selected from :
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l S,3i?,5i?)-8-[2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3.2.1]oct-3-yl}amide;
l-isopropyl-2-oxo-l,2-dihydroquinoline-3-carboxylic
acid {(l S,3i ,5i?)-8-[(R)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]-8-azab
icyclo[3 .2. 1]oct-3-yl} amide; 1-isopropyl-2-oxo-
l,2-dihydroquinoline-3-carboxylic acid {(l
S,3i?,5i?)-8-[(S)-2-
hydroxy-3-(methanesulfonyl-methyl-amino)propyl]
-8-azabicyclo [3.2.1]oct-3-yl} amide;
l-isopropyl-2-oxo-l 52-dihydroquinoline-3-carboxylic
acid {(l S,3i?55i?)-8-[(i?)-2-
hydroxy-3-(methanesulfonylamino)propyl]-8-azabicyclo[3
.2.1]oct-3-yl}amide; and pharmaceutically-acceptable
salts and solvates and stereoisomers thereof.14. A
pharmaceutical composition comprising a
therapeutically effective amount of the compound of
any one of Claims 1 to 13 and a pharmaceutically
acceptable carrier. 15. A compound as claimed in any
one of Claims 1 to 13 for use in therapy. 16. Use of a
compound of any one of Claims 1 to 13 for manufacture
of a medicament. 17. The use of Claim 16 wherein the
medicament is for the treatment of a medical condition
in a mammal associated with 5-HT4 receptor activity.
18. The use of Claim 17 wherein the disease or
condition is a disorder of reduced motility of the
gastrointestinal tract. 19. A method of treating a
mammal having a medical condition associated with
5-HT4 receptor activity, the method comprising
administering to the mammal, a therapeutically
effective amount of a pharmaceutical composition
comprising a pharmaceutically-acceptable carrier and a
compound of any one of Claims 1 to 13. 20. The method
of Claim 19 wherein the medical condition is selected
from the group consisting of irritable bowel syndrome,
chronic constipation, functional dyspepsia, delayed
gastric emptying, gastroesophageal reflux disease,
gastroparesis, postoperative ileus, intestinal
pseudo-obstruction, and drug-induced delayed transit. 



21. A method of treating a disorder of reduced
motility of the gastrointestinal tract in a mammal,
the method comprising administering to the mammal, a
therapeutically effective amount of a pharmaceutical
composition comprising a pharmaceuticallyacceptable
carrier and a compound of any one of Claims 1 to
13.22. The method of Claim 21, wherein the disorder of
reduced motility is selected from the group consisting
of chronic constipation, constipation-predominant
irritable bowel syndrome, diabetic and idiopathic
gastroparesis, and functional dyspepsia. 23. A process
for preparing a compound of any one of Claims 1 to 13,
the process comprising: (a) reacting a compound of
formula (JE): m with compound of the formula L-R4
wherein L is a leaving group, or L-R4 represents
HO-C(O)R7; or (b) reacting a compound of formula
(VIE): (Vm) with a compound of formula (IX): (IX) to
provide a compound of formula (I), or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof.24. A process for preparing a
compound of formula (T), (I') wherein R1, R2, R4, and
R5 are defined as in Claim 1; or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof, the process comprising reacting
a compound of formula (IV): (IV) or a salt thereof
with a compound of formula (XI): (XI) to provide a
compound of formula (I1) or a
pharmaceutically-acceptable salt or solvate or
stereoisomer thereof. 25. The product prepared by the
process of Claim 23 or Claim 24. 26. A compound of
formula (IH) : m wherein: R1 is hydrogen, halo,
hydroxy, C1-4alkyl, or C1-4alkoxy; R2 is C3-4alkyl, or
C3-6cycloalkyl;R3 is hydrogen or C1-3alkyl; R4 is -
S(O)2R6 or - C(O)R7; and R5 is hydrogen, C1-3alkyl,
C2-3alkyl substituted with -OH or d -3alkoxy, or
-CH2-pyridyl; or a salt or stereoisomer or protected
derivative thereof. 27. A method of studying a
biological system or sample comprising a 5-HT4
receptor, the method comprising: (a) contacting the
biological system or sample with a compound of any one
of Claims 1 to 13; and (b) determining the effect
caused by the compound on the biological system or 



sample. 


