
CHEMICAL COMPOUNDS FIELD OF THE INVENTION The
invention is directed to certain indole carboxamide
compounds, which are inhibitors of kinase activity.
More specifically, the compounds are IKK2 inhibitors.
These compounds are useful in the treatment of
disorders associated with inappropriate IKK2 (also
known as IKKb) activity, in particular in the
treatment and prevention of disorders mediated by IKK2
mechanisms including inflammatory and tissue repair
disorders. Such disorders include rheumatoid
arthritis, asthma, and COPD (chronic obstructive
pulmonary disease). BACKGROUND OF THE INVENTION An
important large family of enzymes is the protein
kinase enzyme family. Currently, there are about 500
different known protein kinases. However, because
three to four percent of the human genome is a code
for the formation of protein kinases, there may be
many thousands of distinct and separate kinases in the
human body. Protein kinases serve to catalyze the
phosphorylation of an amino acid side chain in various
proteins by the transfer of the g-phosphate of the
ATP-Mg 2+ complex to said amino acid side chain. These
enzymes control the majority of the signaling
processes inside cells, thereby governing cell
function, growth, differentiation and destruction
(apoptosis) through reversible phosphorylation of the
* hydroxyl groups of serine, threonine and tyrosine
residues in proteins. Studies have shown that protein
kinases are key regulators of many cell functions,
including signal transduction, transcriptional
regulation, cell motility, and cell division. Several
oncogenes have also been shown to encode protein
kinases, suggesting that kinases play a role in
oncogenesis. These processes are highly regulated,
often by complex intermeshed pathways where each
kinase will itself be regulated by one or more
kinases. Consequently, aberrant o r inappropriate
protein kinase activity can contribute to the rise of
disease states associated with such aberrant kinase
activity. Due to their physiological relevance,
variety and ubiquitousness, protein kinases have
become one of the most important and widely studied
family of enzymes in biochemical and medical research.
The protein kinase family of enzymes is typically
classified into two main subfamilies: Protein Tyrosine
Kinases and Protein Serine/Threonine Kinases, based on
the amino acid residue they phosphorylate. The
serine/threonine kinases (PSTK), includes cyclic
AMPand cyclic GMP-dependent protein kinases, calcium
and phospholipid dependent protein kinase, calcium-
and calmodulin-dependent protein kinases, casein
kinases, cell divisioncycle protein kinases and
others. These kinases are usually cytoplasmic or
associated with the particulate fractions of cells,
possibly by anchoring proteins. Aberrant protein
serine/threonine kinase activity has been implicated
or is suspected in a number of pathologies such as
rheumatoid arthritis, psoriasis, septic shock, bone
loss, many cancers and other proliferative diseases.
Accordingly, serine/threonine kinases and the signal
transduction pathways which they are part of are
important targets for drug design. The tyrosine
kinases phosphorylate tyrosine residues. Tyrosine
kinases play an equally important role in cell
regulation. These kinases include several receptors
for molecules such as growth factors and hormones,
including epidermal growth factor receptor, insulin
receptor, platelet derived growth factor receptor and
others. Studies have indicated that many tyrosine
kinases are transmembrane proteins with their receptor
domains located on the outside of the cell and their
kinase domains on the inside. Much work is also under
progress to identify modulators of tyrosine kinases as
well. Nuclear factor kE3 (NF-kB) belongs to a family o
f closely related dimeric transcription factor
complexes composed of various combinations of the
Rel/NF-kB family of polypeptides. The family consists
of five individual gene products in mammals, ReIA
(p65), NF-kB 1 (p50/ p105), NF-kB2 (p49/ p100), c-Rel,
and ReIB, all of which can form hetero- or homodimers.
These proteins share a highly homologous 300 amino
acid "ReI homology domain" which contains the DNA
binding and dimerization domains. At the extreme
C-terminus of the ReI homology domai n is a nuclear
translocation sequence important in the transport of
NF-kB from the cytoplasm to the nucleus. In addition,
p65 and cRel possess potent transactivation domains a
t their C-terminal ends. The activity of NF-kB is
regulated by its interaction with a member of the
inhibitor IKB family of proteins. This interaction
effectively blocks the nuclear localization sequence
on the NF-kB proteins, thus preventing migration of
the dimer to the nucleus. A wide variety of stimuli
activate NF-kB through what are likely to be multiple
signal transduction pathways. Included are bacterial
products (LPS), some viruses (HIV-1 , HTLV-1),
inflammatory cytokines (TNFa, IL-I), environmental and
oxidative stress and DNA damaging agents. Apparently
common to all stimuli however, is the phosphorylation
and subsequent degradation of IKB. IKB is
phosphorylated on two N-terminal serines by the
recently identified IKB kinases (IKK-a and IKK-b) .
IKK-b is also known as IKK2. Sitedirected mutagenesis
studies indicate that these phosphorylations are
critical for the subsequent activation of NF-kB in
that once phosphorylated the protein is flagged
fordegradation via the ubiquitin-proteasome pathway.
Free from IKB, the active* NF-kB complexes are able to
translocate to the nucleus where they bind in a
selective manner to preferred gene-specific enhancer
sequences. Included in the genes regulated by NF-kB
are a number of cytokines and chemokines, cell
adhesion molecules, acute phase proteins,
immunoregualtory proteins, eicosanoid metabolizing
enzymes and anti-apoptotic genes. It is well-known
that NF-kB plays a key role in the regulated
expression of a large number of pro-inflammatory
mediators including cytokines such as TNF, IL-1 b,
IL-6 and I L-8, cell adhesion molecules, such as ICAM
and VCAM, and inducible nitric oxide synthase (iNOS).
Such mediators are known to play a role in the
recruitment of leukocytes at sites of inflammation and
in the case of iNOS, may lead to organ destruction i n
some inflammatory and autoimmune diseases. The
importance of NF-kB in inflammatory disorders is
further strengthened by studies of airway inflammation
including asthma, in which NF-kB has been shown to be
activated. This activation may underlie the increased
cytokine production and leukocyte infiltration
characteristic of these disorders. In addition,
inhaled steroids are known to reduce airway
hyperresponsiveness and suppress the inflammatory
response in asthmatic airways. In light of the recent
findings with regard to glucocorticoid inhibition of
NF-kB, one may speculate that these effects are
mediated through an inhibition of NF-kB. Further
evidence for a role of NF-kB in inflammatory disorders
comes from studies of rheumatoid synovium. Although
NF-kB is normally present as an inactive cytoplasmic
complex, recent immunohistochemical studies have
indicated that NF-kB is present in the nuclei, and
hence active, in the cells comprising rheumatoid
synovium. Furthermore, NFKB 



has been shown to be activated in human synovial cells
in response to stimulation with TNF- a or IL-1 b. Such
a distribution may be the underlying mechanism for the
increased cytokine and eicosanoid production
characteristic of this tissue. See Roshak, A . K., et
al., J. Biol. Chem., 271, 31496-31501 (1996).
Expression of IKK-b has been shown in synoviocytes of
rheumatoid arthritis patients and gene transfer
studies have demonstrated the central role of IKK-b in
stimulated inflammatory mediator production in these
cells. See Aupperele et al. J. Immunology 1999.
163:427-433 and Aupperle e t al. J. Immunology 2001
;166:2705-1 1. More recently, the intra-articular
administration o f a wild type IKK-b adenoviral
construct was shown to cause paw swelling while
intra-articularadministration of dominant-negative
IKKb inhibited adjuvant-induced arthritis in rat. See
Tak et al. Arthritis and Rheumatism 2001 , 44:1 897-1
907. The NF-kB/Rel and IKB proteins are also likely to
play a key role in neoplastic transformation and
metastasis. Family members are associated with cell
transformation in vitro and in vivo as a result of
over expression, gene amplification, gene
rearrangements or translocations. In addition,
rearrangement and/or amplification of the genes
encoding these proteins are seen in 20-25% of certain
human lymphoid tumors. Further, NF-kB is activated by
oncogenic ras, the most common defect in human tumors
and blockade of NF-kB activation inhibits ras mediated
cell transformation. In addition, a role for NF-kB in
the regulation of apoptosis has been reported
strengthening the role of this transcription factor in
the regulation of tumor cell proliferation. TNF,
ionizing radiation and DNA damaging agents have all
been shown to activate NF-kB which in turn leads to
the upregulated expression of several anti-apoptotic
proteins. Conversely, inhibition of NF-kB has been
shown to enhance apoptotic-killing by these agents in
several tumor cell types. As this likely represents a
major mechanism of tumor cell resistance to
chemotherapy, inhibitors of NF-DB activation may be
useful chemotherapeutic agents as either single agents
or adjunct therapy. Recent reports have implicated
NF-kB as an inhibitor of skeletal cell differentiation
as well as a regulator of cytokine-induced muscle
wasting (Guttridge et al. Science; 2000; 289:
2363-2365.) further supporting the potential of NFKB
inhibitors as novel cancer therapies. Several NF-kB
inhibitors are described in C. Wahl, et al. J. CHn.
Invest. 10 1(5), 1163-1 174 (1998), R. W. Sullivan, et
al. J. Med. Chem. 4 1, 413-419 (1998), J. W. Pierce,
et al. J. Biol. Chem. 272, 2 1096-21 103 ( 1997). The
marine natural product hymenialdisine is known to
inhibit NF-kB. Roshak, A., et al., JPET, 283, 955-961
(1997). Breton, J. J and Chabot-Fletcher, M. C , JPET,
282, 459-466 (1997). Additionally, patent applications
have been filed on aminothiophene inhibitors of the
IKK2, see Callahan, et al., WO 2002030353; Baxter, et
al., WO 2001058890, Faull, et al., WO 2003010158;
Griffiths, et al., WO2003010163; Fancelli, et al., WO
200198290; imidazole inhibitors of IKK2, see Callahan,
et al., WO 200230423; anilinophenylpyrimidine
inhibitors of IKK2, see Kois, et al., WO 2002046171 ;
b-carboline inhbitors of IKK2 , see Ritzeler, etal, WO
2001068648, Ritzeler, et al, EP 1134221; Nielsch,
etal. DE 19807993; Ritzeler, et al., EP 1209158;
indole inhbitors of IKK2, see Ritzeler, et al., WO
2001030774; benzimidazole inhibitors of the IKK2, see
Ritzeler, et al., DE 19928424; Ritzeler et al, WO
2001000610; aminopyridine inhibitors of IKK2, see
Lowinger, et al, WO 2002024679; Murata, et al, WO
2002024693; Murata, et al., WO 20020441 53;
pyrazolaquinazoline inhibitors of IKK2, see Beaulieu,
et al., WO 2002028860; Burke et al, WO 2002060386,
Burke, et al. US 20030022898; quinoline inhibitors of
IKK2, Browner, et al., WO2002041 843, Browner, et al.,
US 20020161004 and pyridylcyanoguanidine inhibitors of
IKK2, see Bjorkling, et al., WO 2002094813, Binderup
et al, WO 2002094322 and Madsen, et al., WO
200294265.The natural products staurosporine,
quercetin, K252a and K252b have been shown to be IKK2
inhibitors, see Peet, G. W. and Li, J. J. Biol. Chem.,
27A, 32655-32661 (1999) and Wisniewski, D., et al.,
Analytical Biochem. 27A 220-228 (1999). Synthetic
inhibitors of IKK2 have also been described, see
Burke, et al. J. Biol. Chem., 278, 1450-1456 (2003)
and Murata, et al., Bioorg. Med. Chem. Lett., 13,
913-198 (2003) have described IKK2 inhibitors. Thus,
attempts have been made to prepare compounds that
inhibit IKK2 activity and a number of such compounds
have been disclosed in the art. However, in view of
the number of pathological responses that are mediated
by IKK2, there remains a continuing need for
inhibitors of IKK2 which can be used in the treatment
of a variety of conditions. The present inventors have
discovered novel indole carboxamide compounds, which
are inhibitors of kinase activity, in particular
inappropriate IKK2 activity. Such indole carboxamide
derivatives are therefore useful in the treatment of
disorders associated with inappropriate kinase, in
particular inappropriate IKK2 activity in particular
in the treatment and prevention of disease states
mediated by IKK2 mechanisms including inflammatory and
tissue repair disorders, particularly rheumatoid
arthritis, inflammatory bowel disease, asthma and COPD
(chronic obstructive pulmonary disease);
osteoarthritis, osteoporosis and fibrotic diseases;
dermatosis, including psoriasis, atopic dermatitis and
ultraviolet radiation (UV)-induced skin damage;
autoimmune diseases including systemic lupus
eythematosus, multiple sclerosis, psoriatic arthritis,
alkylosing spondylitis, tissue and organ rejection,
Alzheimer's disease, stroke, atherosclerosis,
restonosis, diabetes, glomerulonephritis, cancer,
including Hodgkins disease, cachexia, inflammation
associated with infection and certain viral
infections, including acquired immune deficiency
syndrome (AIDS), adult respiratory distress syndrome,
and Ataxia Telangiestasia.SUMMARY OF THE INVENTION The
invention is directed to novel indole carboxamide
derivatives. Specifically, the invention is directed
to compounds according to formula (I): where R 1, R2,
R3, U and V are defined below and to pharmaceutically
acceptable salts thereof. The compounds of the
invention are inhibitors of IKK2 and can be useful in
the treatment of disorders associated with
inappropriate IKK2 (also known as IKKb) activity, such
as rheumatoid arthritis, asthma, and COPD (chronic
obstructive pulmonary disease). Accordingly, the
invention is further directed to pharmaceutical
compositions comprising a compound of the invention.
The invention is still further directed to methods of
inhibiting IKK2 activity and treatment of disorders
associated therewith using a compound of the invention
or a pharmaceutical composition comprising a compound
of the invention. DETAILED DESCRIPTION OF THE
INVENTION The invention is directed to compounds
according to formula (I): where: R 1 is H, halogen, or
a group -YZ; R2 is H, fluoro, or chloro; 



R3 is H, fluoro, or chloro;Y is a bond, C-] -CQ
alkylene, C2-C5 alkenylene, or C2-CQ alkynylene; Z is
optionally substituted aryl or optionally substituted
heteroaryl, where said aryl and heteroaryl are
optionally substituted with one to three substituents
independently selected from the group consisting of:
halo, -CN, -N(Rb)SO 2 Re, -N(Rb)C(O)Ra, -C(O)NRaRb,
-C(O)NRfRg, -C(O)H, -SO2Ri, -NRaRb, -SO 2 NRaRb, -SO2
NRfRg, -ORc, -N(Rb)C(O)NRaRb,- N(Rb)C(O)NRfRg,
-N(Rb)C(O)ORd, C-] -CQ alkyl, C-| -CQ alkyl
substituted with one to three substituents
independently selected from the group consisting of:
-NRaRb, C3-C6 cycloalkyl, phenyl, - ORc,
heterocycloalkyl, and heterocycloalkyl substituted
with OH, -C(O)NH , or one or two C-] -CQ alkyl groups;
C-| -CQ haloalkyl, C-\ -CQ haloalkyl subsituted with
one to three substituents independently selected from
the group consisting of -NRaRb, C3-C6 cycloalkyl,
phenyl, heterocycloalkyl, and heterocycloalkyl
substituted with one or two CI -CQ alkyl groups;
heterocycloalkyl and heterocycloalkyl substituted with
one or two C-| - CQ alkyl groups; U is a bond, C-] -CQ
alkylene or C2 -CQ alkenylene; V is phenyl, 5 or 6
membered heteroaryl, 5-7 membered heterocycloalkyl,
C5-C7cycloalkyl, or C -O/cycloalkenyl, each of which
is substituted by -N(Rb)S(O) m R4, -S(0) m N(Rb)R4, or
-S(0) m R4; m is 1 or 2; R4 is the group -X-R5; X is a
bond, C-J -CQ alkylene, C2 -CQ alkenylene, C2 -CQ
alkynylene, aryl, C - -CQ alkylenearyl, heteroaryl,
C-| -CQ alkylene-heteroaryl, heterocycloalkyl, C-J -CQ
alkyleneheterocycloalkyl, C^Cycycloalkyl, C - -CQ
alkylene-C^Cycycloalkyl, Cs-Cycycloalkenyl, or C-| -CQ
alkylene-Cs-Cycycloalkenyl; R5 is -NRaRb, -ORj,
optionally substituted heterocycloalkyl, or optionally
substituted heteroaryl, where said optionally
substituted heterocycloalkyl and optionally
substituted heteroaryl are optionally substituted with
one to three substituents i ndependently selectedfrom
the group consisting of: halo, heteroaryl, oxo, -CN,
-C(O)Ra, -N(Rb)SO 2 Re, - N(Rb)C(O)Ra, -NRaRb,
-C(O)NRaRb, -C(O)NRfRg, -SO2 NRaRb, -SO 2 NRfRg, -ORc,
- C(O)ORc, -N(Rb)C(O)NRaRb, -N(Rb)C(O)NRfRg,
-N(Rb)C(O)ORd, C1 -C6 alkyl, C-] -C alkyl substituted
with one to three substituents independently selected
from the group consisting of: -NRaRb, -ORc,
-C(O)NRaRb, -C(O)Rc, C3 -C6 cycloalkyl,
heterocycloalkyl and phenyl; C-] -C6 haloalkyl, C1 -C6
haloalkyl substituted with one to three substituents
independently selected from the group consisting of:
-NRaRb, -ORc, -C(O)NRaRb, C3- Cg cycloalkyl,
heterocycloalkyl, and phenyl; heterocycloalkyl,
heterocycloalkyl substituted with one to three
substituents independently selected from the group
consisting of: C1-Cg alkyl, halo, -ORc, haloalkyl, CN,
and -SO2 Ri; phenyl, and phenyl substituted with one
to three substituents independently selected from the
group consisting of: halo, -ORc, haloalkyl, -CN, and
-SO 2 Ri; each Ra is independently selected from the
group consisting of: H, -ORh, C2 -C alkenyl , C2 -C6
alkynyl, C-J-C6 alkyl, C-|-C6 alkyl substituted with
one to three substituents independently selected from
the group consisting of: halo, -CN, -C(O)NH 2 ,
-NRkRk, -SO 2 Ri, -N(Rb)SO 2Re, -C(O)ORb,
-N(Rb)C(O)Rb, -ORc, -SRc, C3 -C7 cycloalkyl, C1- C
haloalkyl, heterocycloalkyl, phenyl, phenolyl, and
heteroaryl; phenyl, phenyl substituted with one to
three substituents independently selected from the
group consisting of: halo , oxo, C1 -C6 alkyl, C1 -C6
haloalkyl, NH2 , heteroaryl, -ORc, and -NRfRg;
heteroaryl , heteroaryl substituted with one to three
substituents independently selected from the group
consisting of: halo, oxo, C1 -C6 alkyl, C1 -C6
haloalkyl, NH2 , heteroaryl, -ORc, and - NRfRg; C3-C7
cycloalkyl, C3-C7 cycloalkyl substituted with one to
three substituents independently selected from the
group consisting of: halo, oxo, C1- C6 alkyl, C I -CQ
haloalkyl, NH2 , heteroaryl, -ORc, and -NRfRg;
heterocycloalkyl, and heterocycloalkyl substituted
with one to three substituents independently selected
from the group consisting of: halo, oxo, Ci-C 6 alkyl,
-CH2 C(O)Rb, C1 -C6 haloalkyl, -C(O)ORb, NH21,
heteroaryl, -ORc, and NRfRg; each Rb is independently
selected from the group consisting of: H, C1 -C6
alkyl, C I - C alkyl substituted with one -ORc, and
C3-C7 cycloalkyl; each Rc is independently selected
from the group consisting of: H, C1 -C6 alkyl, C 1-CQ
alkyl substituted with one to three substituents
independently selected from the group consisting of:
OH, C -C6 cycloalkyl, phenyl, heterocycloalkyl, and
heteroaryl; C 1-CQhaloalkyl, C-J -CQ haloalkyl
substituted with one to three substituents
independently selected from the group consisting of:
OH, C3-C6 cycloalkyl, phenyl, heterocycloalkyl, and
heteroaryl; C3-C7 cycloalkyl, C3-C7 cycloalkyl
substituted with one to three C1-C3 alkyl groups;
heterocycloalkyl, heterocycloalkyl substituted with
one to three C-1-C3 alkyl groups; aryl, aryl
substituted with one to three substituents
independently selected from the group consisting of:
halo, C1-C3 alkyl, C1-C3 haloalkyl, and OH;
heteroaryl, and heteroaryl substituted with one to
three substituents independently selected from the
group consisting of: halo, C-1-C3 alkyl, C1-C3
haloalkyl, and OH; each Rd is independently an
optionally substituted C1-C3 alkyl, where said C1-C3
alkyl is optionally substituted with one to three
substituents selected from the group consisting of:
C3-C5 cycloalkyl, heterocycloalkyl, optionally
substituted phenyl, and optionally substituted
heteroaryl; where said phenyl and heteroaryl are
optionally substituted with one to three substituents
selected from the group consisting of: halo, C-\ -Cg
alkyl and C3- Cg cycloalkyl; each Re is independently
selected from the group consisting of: C-J-Cg alkyl,
C-\ -CQ alkyl substituted with one substituent
selected from the group consisting of: phenyl,
heteroaryl, heterocycloalkyl, and NRaRb; phenyl,
phenyl substituted with one to three substituents
selected from the group consisting of: halo, CN, C -CQ
alkyl, C-] -CQ haloalkyl, and ORh; heteroaryl,
heteroaryl substituted with one to three substituents
selected from the group consisting of: halo, CN, C-|
-CQ alkyl, C-| -CQ haloalkyl, and -ORh; C5-C7
cycloalkyl, C5- C7 cycloalkyl substituted with one to
three substituents selected from the group consisting
of: halo, C -CQ alkyl, and C3-C6 cycloalkyl;
heterocycloalkyl, and heterocycloalkyl substituted
with one to three substituents selected from the group
consisting of: halo, C-| - Cg alkyl, and C3-C Q
cycloalkyl; Rf and Rg taken together with the nitrogen
atom to which they are attached form a ring having
from 5 to 7 member atoms wherein said ring optionally
contains one additional heteroatom as a member atom,
said ring is saturated or unsaturated but not
aromatic, and said ring is optionally substituted with
one or two C-| -C3 alkyl substituents; each Rh is
independently selected from the group consisting of:
H, C -Cg alkyl, and C- - 



Cg haloalkyl;each Ri is independently selected from
the group consisting of: C-| -C3 alkyl and phenyl; Rj
is selected from the group consisting of H, optionally
substituted C1-Cg alkyl, C1-Cg haloalkyl, heteroaryl,
and optionally substituted phenyl, where said
optionally substituted C-] -CQ alkyl is optionally
substituted by one or two substituents each
independently selected from the following: hydroxy,
C-| -Cg alkoxy, - OCH2CH2N(CH3)2, methylthio, C3 -Cg
cycloalkyl, C3-C6 cycloalkyl substituted by one C1-C3
alkyl group; heterocycloalkyl, heterocycloalkyl
substituted by one C1-C3 alkyl, one oxo group, or one
4-flurobenzyl group; -NRkRk, heteroaryl, -NHC(O)CH3,
and -S(O)2Ri; where said phenyl is optionally
substituted by one to three substituents each
independently selected from the following: C1-C3
alkoxy, -NHC(O)CH3, -C(O)NH2, halo, CF3 , -S(O)2 Ri,
-S(O)2 NHRi, hydroxy, -Ci-C 3 -alkyl-NRkRk, -NRkRk,
C1-C3 alkyl, heterocycloalkyl, and heterocycloalkyl
substituted with one -C(0)CH3 group; and each Rk is
independently selected from H, C -C alkyl, C1 -CQ
alkyl substituted by one or two hydroxyl groups;
phenyl, and phenyl substituted with one C1-C alkyl
group; or a pharmaceutically-acceptable salt, solvate,
or polymorph thereof. In one embodiment of the present
invention: Z is optionally substituted aryl or
optionally substituted heteroaryl, where said aryl and
heteroaryl are optionally substituted with one to
three substituents independently selected from the
group consisting of: halo, -CN, -N(Rb)SO 2 Re,
-N(Rb)C(O)Ra, -C(O)NRaRb, -C(O)NRfRg, -C(O)H, -SO2Ri,
-NRaRb, -SO 2 NRaRb, -SO2 NRfRg, -ORc,
-N(Rb)C(O)NRaRb,- N(Rb)C(O)NRfRg, -N(Rb)C(O)ORd, C1-C
alkyl, C1-Cg alkyl subsituted with one to three
substituents independently selected from the group
consisting of: -NRaRb, C3 -Cg cycloalkyl, phenyl, -
ORc, heterocycloalkyl, and heterocycloalkyl
substituted with or one or two Ci-Cg alkyl groups;
C1-Cg haloalkyl, C1-Cg haloalkyl subsituted with one
to three substituents independently selected from the
group consisting of -NRaRb, C3 -Cg cycloalkyl, phenyl,
heterocycloalkyl, and heterocycloalkyl substituted
with one or two C1-Cg alkyl groups; heterocycloalkyl
and heterocycloalkyl substituted with one or two C1-Cg
alkyl groups; each Ra is independently selected from
the group consisting of: H, C2 -Cg alkenyl, C2 -Cg
alkynyl, C1-Cg alkyl, C1-Cg alkyl substituted with one
to three substituents independently selected from the
group consisting of: halo, -CN, -C(O)NH2 , -NRkRk, -SO
2 Ri, -N(Rb)SO 2Re, -C(O)ORb, -N(Rb)C(O)Rb, -ORc,
-SRc, C3 -C7 cycloalkyl, C1- C6 haloalkyl,
heterocycloalkyl, phenyl, phenolyl, and heteroaryl;
phenyl, phenyl substituted with one to three
substituents independently selected from the group
consisting of: halo, oxo, C-J-C alkyl, C-|-Cg
haloalkyl, NH2, heteroaryl, -ORc, and -NRfRg;
heteroaryl, heteroaryl substituted with one to three
substituents independently selected from the group
consisting of: halo, oxo, C-| -CQ alkyl, Ci-C 6
haloalkyl, NH2, heteroaryl, -ORc, and - NRfRg; C3-C7
cycloalkyl, C3-C7 cycloalkyl substituted with one to
three substituents independently selected from the
group consisting of: halo, oxo, C-J-C6 alkyl, C-J-C
haloalkyl, NH2, heteroaryl, -ORc, and -NRfRg;
heterocycloalkyl, and heterocycloalkyl substituted
with one to three substituents independently selected
from the group consisting of: halo, oxo, C-|-C6 alkyl,
-CH2 C(O)Rb, C-|-C6 haloalkyl, -C(O)ORb, NH2,
heteroaryl, -ORc and NRfRg; and Rj is selected from
the group consisting of H, optionally substituted C-]
-C6 alkyl, C-J-C6 haloalkyl, heteroaryl, and
optionally substituted phenyl, where said optionally
substituted C-J-C6 alkyl is optionally substituted by
one or two substituents each independently selected
from the following: hydroxy, methylthio, C3- C6
cycloalkyl, C -CQ cycloalkyl substituted by one C1-C3
alkyl group; heterocycloalkyl, heterocycloalkyl
substituted by one C1-C3 alkyl, one oxo group, or one
4-flurobenzyl group; -NRkRk, heteroaryl, -NHC(O)CH3,
and -S(O)2 Ri; where said phenyl is optionally
substituted by one to three substituents each
independently selected from the following: C-1-C3
alkoxy, -NHC(0)CH3, -C(O)NH2, halo, CF3 , -S(O)2 Ri,
-S(O) 2 NHRi, hydroxy, -Ci~C 3 -alkyl-NRkRk, -NRkRk,
C-|-C 3 alkyl, heterocycloalkyl, and heterocycloalkyl
substituted with one -C(0)CH3 group; or a
pharmaceutically-acceptable salt, solvate, or
polymorph thereof. Another embodiment of the present
invention is a compound according to formula I where:
R1 is a group -YZ; Y is a bond; Z is optionally
substituted phenyl or optionally substituted
heteroaryl where said phenyl and heteroaryl are
optionally substituted with one or two substituents
selected from the group consisting of: halo, cyano,
-N(Rb)SO Re,-N(Rb)C(O)Ra, C-j-Cg alkyl, and C-|-Cg
alkyl substituted with one substituent selected from
the group consisting of: -NRaRb, -ORc,
heterocycloalkyl, and heterocycloalkyl substituted
with one C-| -C3 alkyl group; R2 is H; R3 is H; U is a
bond; V is phenyl, or a 5 or 6 membered heteroaryl
each of which is substituted by -N(Rb)S(O)m R4, -S(O)m
N(Rb)R4, or -S(O)m R4; m is 1 or 2; R4 is the group
X-R5; X is a bond, C -CQ alkylene, heteroaryl, or
C-|-Cg alkylene-heterocycloalkyl; R5 is NRaRb, ORj,
optionally substituted heterocycloalkyl, or optionally
substituted heteroaryl, where said heterocycloalkyl
and heteroaryl are optionally substituted with one to
three substituents independently selected from the
group consisting of: halo, -C(O)Ra, -NRaRb,
heterocycloalkyl, heterocycloalkyl substituted with
one C-|-Cg alkyl group; phenyl, C-|-Cg alkyl, C-J -CQ
alkyl substituted with one or two substitutents
selected from the group consisting of: -ORc, -C(O)Rc,
-C(O)NRaRb, and phenyl; heteroaryl, oxo, N(Rb)C(O)Ra,
-ORc, -C(O)NRaRb, and -C(O)ORc; each Ra is
independently selected from the group consisting of:
H, heterocycloalkyl, heterocycloalkyl substituted with
one -C(O)ORb group; C2-C5 alkynyl, optionally
substituted C-] -Cg alkyl, C3-C6 cycloalkyl, C3-C7
cycloalkyl substituted with one -ORc group, and
phenyl, where said optionally substituted C -C alkyl
is optionally substituted with one to three
substituents selected from the group consisting of:
halo, heteroaryl, heterocycloalkyl, -ORc, N(Rb)SO2Re,
-N(Rk)2, C3-C7 cycloalkyl, phenyl, and phenolyl;each
Rb is independently selected from the group consisting
of: H, C-|-Cg alkyl, C-]-Cg alkyl substituted with one
-ORc group; each Rc is independently selected from the
group consisting of: H, C-|-Cg alkyl, 



5 heterocycloalkyl, and aryl; each Re is independently
selected from the group consisting of: C-| -Cg alkyl,
phenyl, and phenyl substituted with one C-j -Cg alkyl
group; 0 each Ri is independently selected from the
group consisting of: C-\ -C3 alkyl and phenyl; Rj is
selected from the group consisting of H, optionally
substituted C-] -Cg alkyl, C-|-Cg haloalkyl,
heteroaryl, and optionally substituted phenyl, where
said optionally substituted C-|-Cg alkyl is optionally
substituted by one or 5 two substituents each
independently selected from the following: hydroxy,
methylthio, C3 - Cg cycloalkyl, C3 -Cg cycloalkyl
substituted by one C1-C3 alkyl group;
heterocycloalkyl, heterocycloalkyl substituted by one
C-1-C3 alkyl, one oxo group, or one 4-flurobenzyl
group; -NRkRk, heteroaryl, -NHC(O)CH 3 , and -S(O) Ri;
where said phenyl is optionally substituted by one to
three substituents each O independently selected from
the following: C1-C3 alkoxy, -NHC(0)CH3, -C(O)NH2,
halo, CF3 , -S(O) 2 Ri, -S(O) 2 NHRi, hydroxy, -C-|
-C3 -alkyI-NRkRk, -NRkRk, C1-C3 alkyl,
heterocycloalkyl, and heterocycloalkyl substituted
with one -C(O)CH 3 group; and each Rk is independently
selected from the group consisting of H, C-) -Cg
alkyl; or a 5 pharmaceutically-acceptable salt,
solvate, or polymorph thereof. Another embodiment of
the present invention is a compound according to
formula I where: R1 is a group -YZ; O Y is a bond; Z
is optionally substituted phenyl or optionally
substituted heteroaryl where said phenyl and
heteroaryl are optionally substituted with one or two
5 substituents selected from the group consisting of:
halo, cyano, -N(Rb)SO 2 Re, -N(Rb)C(O)Ra, C-| -Cg
alkyl, and C-| -Cg alkyl substituted with one
substituent selectedfrom the group consisting of:
-NRaRb, -ORc, heterocycloalkyl, and heterocycloalkyl
substituted with one OH, -C(O)NH2, or C-1-C3 alkyl
group; R2 is H; R3 is H; U is ai bond; m is 2; R4 is
the group -X-R5; X is a bond or C-| -Cg alkylene; R5
is -NRaRb, optionally substituted heterocycloalkyl, or
optionally substituted heteroaryl, where said
heterocycloalkyl and heteroaryl are optionally
substituted with one to three substituents
independently selected from the group consisting of:
halo, -C(O)Ra, -NRaRb, heterocycloalkyl,
heterocycloalkyl substituted with one C-|-Cg alkyl
group; phenyl, C-J-Cg alkyl, C-|-Cg alkyl substituted
with one or two substituents selected from the group
consisting of: -ORc, -C(O)Rc, -C(O)NRaRb, and phenyl;
heteroaryl, oxo, N(Rb)C(O)Ra, -ORc, -C(O)NRaRb, and
-C(O)ORc; each Ra is independently selected from the
group consisting of: H, -ORh, heterocycloalkyl,
heterocycloalkyl substituted with one -C(O)ORb group;
C-Cg alkynyl, optionally substituted C -Cg alkyl,
C3-Cg cycloalkyl, C3-C7 cycloalkyl substituted with
one -ORc group, and phenyl, where said optionally
substituted C-j-Cg alkyl is optionally substituted
with one to three substituents selected from the group
consisting of: halo, heteroaryl, heterocycloalkyl,
-ORc, N(Rb)SO2Re, -N(Rk)2, C3-C7 cycloalkyl, phenyl,
and phenolyl;each Rb is independently selected from
the group consisting of: H, C-] -Cg alkyl, C-|-Cg
alkyl substituted with one -ORc group; each Rc is
independently selected from the group consisting of:
H, C-|-Cg alkyl, heterocycloalkyl, and aryl; each Re
is independently selected from the group consisting
of: C-|-Cg alkyl, phenyl, and phenyl substituted with
one C -Cg alkyl group; each Rh is independently
selected from the group consisting of: H, C-j-Cg
alkyl, and C - Cg haloalkyl; and each Rk is
independently selected from the group consisting of H,
C-|-Cg alkyl; or a pharmaceutically-acceptable salt,
solvate, or polymorph thereof. Another embodiment of
the present invention is a compound according to
formula I where: R 1 is a group -YZ; Y is a bond; Z is
optionally substituted phenyl or optionally
substituted heteroaryl where said phenyl and
heteroaryl are optionally substituted with one or two
substituents selected from the group consisting of:
halo, cyano, -N(Rb)SC^Re, -N(Rb)C(O)Ra, C-i-Cg alkyl,
and C-| -Cg alkyl substituted with one substituent
selected from the group consisting of: -NRaRb, -ORc,
heterocycloalkyl, and heterocycloalkyl substituted
with one C1-C3 alkyl group; R2 is H; R3 is H; U is a
bond;m is 2; R4 is the group -X-R5; X is a bond or C-|
-Cg alkylene; R5 is -NRaRb, optionally substituted
heterocycloalkyl, or optionally substituted
heteroaryl, where said heterocycloalkyl and heteroaryl
are optionally substituted with one to three
substituents independently selected from the group
consisting of: halo, -C(O)Ra, -NRaRb,
heterocycloalkyl, heterocycloalkyl substituted with
one C -Cg alkyl group; phenyl, C-] -Cg alkyl, C-|-Cg
alkyl substituted with one or two substituents
selected from the group consisting of: -ORc, -C(O)Rc,
-C(O)NRaRb, and phenyl; heteroaryl, oxo, N(Rb)C(O)Ra,
-ORc, -C(O)NRaRb, and -C(O)ORc; each Ra is
independently selected from the group consisting of:
H, heterocycloalkyl, heterocycloalkyl substituted with
one -C(O)ORb group; C2-Cg alkynyl, optionally
substituted C -CQ alkyl, C3-C6 cycloalkyl, C3-C7
cycloalkyl substituted with one -ORc group, and
phenyl, where said optionally substituted C-|-C6 alkyl
is optionally substituted with one to three
substituents selected from the group consisting of:
halo, heteroaryl, heterocycloalkyl, -ORc, N(Rb)SO2Re,
-N(Rk)2, C3-C7 cycloalkyl, phenyl, and phenolyl; each
Rb is independently selected from the group consisting
of: H, C-|-Cb alkyl, C-] -Cg alkyl substituted with
one -ORc group; each Rc is independently selected from
the group consisting of: H, C-|-Cg alkyl, 



heterocycloalkyl, and aryl; each Re is independently
selected from the group consisting of: C- -Cg alkyl,
phenyl, and phenyl substituted with one C-j -Cg alkyl
group; each Rh is independently selected from the
group consisting of: H, C- -Cg alkyl, and C-j-Cg
haloalkyl; andeach Rk is independently selected from
the group consisting of H, C-|-Cg alkyl; or a
pharmaceutically-acceptable salt, solvate, or
polymorph thereof. Another embodiment of the present
invention is a compound according to formula I where:
R1 is a group -YZ; Y is a bond; Z is phenyl; R2 is H;
R3 is H; U is a bond; U- NS(O)mR4 V is m is 2; R4 is
the group X-R5; X is a bond or C-| -CQ alkylene; R5 is
-ORj; each Ri is independently selected from the group
consisting of: C1-C3 alkyl and phenyl; Rj is selected
from the group consisting of H, optionally substituted
C-] -CQ alkyl, C-J -CQ haloalkyl, heteroaryl, and
optionally substituted phenyl, where said optionally
substituted C-| -CQ alkyl is optionally substituted by
one or two substituents each independently selected
from the following: hydroxy, C-J -CQ alkoxy, -
OCH2CH2N(CH3)2, methylthio, C3-CQ cycloalkyl, C3-CQ
cycloalkyl substituted by one C-i -C3 alkyl group;
heterocycloalkyl, heterocycloalkyl substituted by one
C1-C3 alkyl, one oxo group, or one 4-flurobenzyl
group; -NRkRk, heteroaryl, -NHC(O)CH3, and -S(O)2Ri;
where said phenyl is optionally substituted by one to
three substituents each independently selected from
the following: C-J-C3 alkoxy, -NHC(O)CH3, -C(O)NH2,
halo,CF3 , -S(O) 2 Ri, -S(O)2 NHRi, hydroxy, -Ci-C 3
-alkyl-NRkRk, -NRkRk, C-J-C3 alkyl, heterocycloalkyl,
and heterocycloalkyl substituted with one -C(O)CH 3
group; and each Rk is independently selected from H,
C-I -CQ alkyl, C-I -CQ alkyl substituted by one or two
hydroxyl groups; phenyl, and phenyl substituted with
one C-|-C3 alkyl group; or a
pharmaceutically-acceptable salt, solvate, or
polymorph thereof. Another embodiment of the present
invention is a compound according to formula I where:
R 1 is a group -YZ; Y is a bond; Z is phenyl; R2 is H;
R3 is H; U is a bond; m is 2; R4 is the group X-R5; X
is a bond or C-| -CQ alkylene; R5 is -ORj; each Ri is
independently selected from the group consisting of:
C-|-C3 alkyl and phenyl; Rj is selected from the group
consisting of H, optionally substituted C-\ -CQ alkyl,
C-| -CQ haloalkyl, heteroaryl, and optionally
substituted phenyl, where said optionally substituted
C-I -CQ alkyl is optionally substituted by one or two
substituents each independently selected from the
following: hydroxy, methylthio, C3 - C cycloalkyl, C3
-C cycloalkyl substituted by one C-J-C3 alkyl group;
heterocycloalkyl,heterocycloalkyl substituted by one
C1-C3 alkyl, one oxo group, or one 4-flurobenzyl
group; -NRkRk, heteroaryl, -NHC(O)CH3, and -S(O)2 Ri;
where said phenyl is optionally substituted by one to
three substituents each independently selected from
the following: C1-C3 alkoxy, -NHC(O)CH3, -C(O)NH2,
halo, CF3 , -S(O)2 Ri, -S(O)2 NHRi, hydroxy, -Ci-C 3
-alkyl-NRkRk, -NRkRk, C1-C3 alkyl, heterocycloalkyl,
and heterocycloalkyl substituted with one -C(O)CH3
group; and each Rk is independently selected from H,
C-| -CQ alkyl, C-J -CQ alkyl substituted by one or two
hydroxyl groups; phenyl, and phenyl substituted with
one C-) -C3 alkyl group; or a
pharmaceutically-acceptable salt, solvate, or
polymorph thereof. Another embodiment of the present
invention is a compound which is:
3-{1-[(2-aminoethyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1 H-indole-7-carboxamide;
3-(1-{[2-(dimethylamino)ethyl]sulfonyl}-4-piperidinyl)
-5-phenyl-1H-indole-7-carboxamide; 3-(1
-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl)-5-
phenyl-1 H-indole-7-carboxamide; 3-(1 -{[3-(4-methyl-1
-piperazinyl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl-
1 H-indole-7- carboxamide; 5-phenyl-3-(1 -{[3-(1
-piperidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl
)-5-phenyl-1 H-indole-7-carboxamide; 5-phenyl-3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide; 3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-5-(3-thi
enyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-(3-thienyl)-1 H-indole-7- carboxamide; 3-(1
-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl)-5-
(2-thienyl)-1 H-indole-7- carboxamide; 3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-5-(2-thi
enyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(2-methyl-1-pyrrolidinyl)propyl]sulfonyl}-4-p
iperidinyl)-5-(2-thienyl)-1H-indole-7- carboxamide;
3-(1-{[3-(cyclopentylamino)propyl]sulfonyl}-4-piperidi
nyl)-5-(2-thienyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(4-hydroxy-1-piperidinyl)propyl]sulfonyl}-4-p
iperidinyl)-5-(2-thienyl)-1H-indole-7- carboxamide;
3-(1
-{[2-(cyclopentylamino)ethyl]sulfonyl}-4-piperidinyl)-
5-(2-thienyl)-1 H-indole-7- carboxamide;3-(1 -{[2-(1
-pyrrolidinyl)ethyl]sulfonyl}-4-piperidinyl)-5-(3-thie
nyl)-1 H-indole-7- carboxamide;
3-(1-{[2-(dimethylamino)ethyl]sulfonyl}-4-piperidinyl)
-5-(3-thienyl)-1 H-indole-7- 



carboxamide; 3-(1
-{[2-(cyclopentylamino)ethyl]sulfonyl}-4-piperidinyl)-
5-(3-thienyl)-1 H-indole-7- carboxamide; 3-(1
-{[2-(4-hydroxy-1 -piperidinyl)
qthyl]sulfonyl}-4-piperidinyl)-5-(3-thienyl)-1
H-indole-7- carboxamide;
3-{1-[(2-hydroxyethyl)sulfonyl]-4-piperidinyl}-5-pheny
l-1H-indole-7-carboxamide; 5-(5-chloro-2-thienyl)-3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyI)-1
H-indole-7- carboxamide;
3-(1-{[2-(methylamino)ethyl]sulfonyl}-4-piperidinyl)-5
-phenyl-1 H-indole-7-carboxamide; 5-phenyl-3-(1
-{[2-(1 -piperidinyl)ethyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamid q; 3-(1 -{[2-(4-methyl-1
-piperazinyl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide;
3-[1-({2-[[2-(dimethylamino)ethyl](methyl)amino]ethyl}
sulfonyl)-4-piperidinyl]-5-phenyl-1Hindole-
7-carboxamidq;
3-(1-{[2-(4-morpholinyl)ethyl]sulfonyl}-4-piperidinyl)
-5-phenyl-1H-indole-7-carboxamide;
3-[1-({2-[3-(2-hydroxyethyl)-1-piperazinyl]
qthyl}sulfonyl)-4-piperidinyl]-5-phenyl-1 H-indolq-
7-carboxamide;
3-(1-{[2-(cyclopentylamino)ethyl]sulfonyl}-4-piperidin
yl)-5-phenyl-1H-indole-7- carboxamide;
3-(1-{[2-(pyclobutylamino)ethyl]sulfonyl}-4-piperidiny
l)-5-phenyl-1 H-indole-7-carboxamide;
5-phenyl-3-[1-({2-[(phenylmethyl)amino]ethyl}sulfonyl)
-4-piperidinyl]-1 H-indole-7- carboxamide;
5-phenyl-3-(1 -{[2-(1
-pyrrolidinyl)ethyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide; 3-(1 -{[2-(4-hydroxy-1
-piperidinyl)ethyl]suIfonyl}-4-piperidinyI)-5-phenyl-1
H-indole-7- carboxamide;
3-[1-({2-[[3-(dimethylamino)propyl](methyI)amino]ethyl
}sulfonyl)-4-piperidinyl]-5-phenyl-
1H-indole-7-carboxamide; 3-(1 -{[2-(1
,4'-bipiperidin-1
'-yl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide;
3-(1-{[2-(diethylamino)ethyl]sulfonyl}-4-piperidinyl)-
5-phenyl-1 H-indole-7-carboxamide; 5-phenyl-3-(1
-{[2-(2-phenyl-1
-pyrrolidinyl)ethyl]sulfonyl}-4-piperidinyl)-1
H-indole-7- carboxamide;3-(1 -{[2-(hexahydro-1
H-azepin-1
-yl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide;
3-[1-({2-[(cyclohexylmethyl)amino]ethyl}sulfonyl)-4-pi
peridinyl]-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(2-{[2-hydroxy-1-(hydroxymethyl)ethyl]amino}ethy
l)sulfonyl]-4-piperidinyl}-5-phenyl-
1H-indole-7-carboxamid q;
3-(1-{[2-(ethylamino)ethyI]sulfonyl}-4-piperidinyl)-5-
phenyl-1 H-indoIe-7-carboxamide;
3-[1-({2-[ethyl(methyl)amino]ethyl}sulfonyl)-4-piperid
inyl]-5-phenyl-1H-indoIe-7- carboxamide; 3-[1
-({2-[(2-hydroxyethyl)amino]ethyl}sulfonyl)-4-piperidi
nyl]-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(2-{[(2S)-2-hydroxypropyl]amino}ethyl)sulfonyl]-
4-piperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
3-{1 -[(2-{[(1 S)-2-hydroxy-1
-methylethyl]amino}ethyl)sulfonyl]-4-piperidinyl}-5-ph
enyl-1 Hindole- 7-carboxamide; 3-{1 -[(2-{[(1
R)-2-hydroxy-1
-methylethyl]amino}ethyl)sulfonyl]-4-piperidinyl}-5-ph
enyl-1 Hindole- 7-carboxamide;
3-[1-({2-[4-(aminocarbonyl)-1-piperidinyl]ethyl}sulfon
yl)-4-piperidinyl]-5-phenyl-1 H-indole- 7-carboxamide;
3-[1 -({2-[4-(4-morpholinyl)-1
-piperidinyl]ethyl}sulfonyl)-4-piperidinyl]-5-phenyl-1
H-indole- 7-carboxamide;
3-{1-[(2-{[2-(dimethylamino)ethyl]amino}ethyl)sulfonyl
]-4-piperidinyl}-5-phenyl-1 H-indole- 7-carboxamide;
3-(1 -{[2-(4-methyl-1 ,4'-bipiperidin-1
'-yl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide; 3-[1 -({2-[4-(4-methyl-1
-piperazinyl)-1
-piperidinyl]ethyl}sulfonyl)-4-piperidinyl]-5-phenyl-1
Hindole- 7-carboxamide;
3-{1-[(2-{[2-(methyloxy)ethyl]amino}ethyl)sulfonyl]-4-
piperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(2-{[3-(4-morpholinyl)propyl]amino}ethyl)sulfony
l]-4-piperidinyl}-5-phenyl-1 H-indole- 7-carboxamide;
3-(1 -{[2-(4-acetyl-1
-piperazinyl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyI-1
H-indole-7- carboxamide;
3-[1-({2-[4-(2-hydroxyethyl)-1-piperazinyl]ethyl}sulfo
nyl)-4-piperidinyl]-5-phenyl-1 H-indole-
7-carboxamide;3-[1 -({2-[3-(hydroxymethyl)-1
-piperidinyl]ethyl}sulfonyl)-4-piperidinyl]-5-phenyl-1
H-indole- 7-carboxamide; 3-[1-({2-[(2-{[(4-m
qthyIphenyl)sulfonyl]amino}qthyl)amino]ethyl}sulfonyl)
-4-piperidinyl]-5- phenyl-1 H-indole-7-carboxamide;
3-{1-[(2-{[2-(4-morpholinyl)ethyl]amino}ethyl)sulfonyl
]-4-piperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(2-{methyl[2-(methylamino)ethyl]amino}ethyl)sulf
onyl]-4-piperidinyl}-5-phenyl-1HindoIe- 7-carboxamide;
3-{1 -[(2-{4-[2-oxo-2-(1 -pyrrolidinyl)ethyl]-1
-piperazinyl}ethyl)sulfonyl]-4-piperidinyl}-5-
phenyl-1 H-indole-7-carboxamide;
3-{1-[(2-{2-[(dimethylamino)carbonyl]-1-pyrrolidinyl}e
thyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1H-indole-7-carboxamide; 3-[1
-({2-[(2S)-2-(hydroxymethyl)-1
-pyrrolidinyl]ethyl}sulfonyl)-4-piperidinyl]-5-phenyl-
1Hindole- 7-carboxamide; 3-[1
-({2-[(2S)-2-(aminocarbonyl)-1
-pyrrolidinyl]ethyl}sulfonyl)-4-piperidinyl]-5-phenyl-
1Hindole- 7-carboxamide;
5-[5-(hydroxymethyl)-2-thienyl]-3-(1-{[3-(1-pyrrolidin
yl)propyl]sulfonyl}-4-piperidinyl)-1 Hindole-
7-carboxamide;
5-[5-(1-pyrrolidinylmethyl)-2-thienyl]-3-(1-{[3-(1-pyr
rolidinyl)propyl]sulfonyl}-4-piperidinyl)-
1H-indole-7-carboxamide;
5-{5-[(methylamino)methyl]-2-thienyl}-3-(1-{[3-(4-morp
holinyl)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide; 



5-{5-[(ethylamino)methyl]-2-thienyl}-3-(1-{[3-(4-morph
olinyl)propyl]sulfonyl}-4-piperidinyl)-
1H-indole-7-carboxamide; 3-[1 -({3-[bis(1
-methylethyl)amino]propyl}sulfonyl)-4-piperidinyl]-5-p
henyl-1 H-indole-7- carboxamide;
3-(1-{[2-(methyloxy)ethyl]sulfonyl}-4-piperidinyl)-5-p
henyl-1 H-indole-7-carboxamide; 3-[1
-({3-[(2S,5S)-2,5-dimethyl-1
-pyrrolidinyl]propyl}sulfonyl)-4-piperidinyl]-5-phenyl
-1Hindole- 7-carboxamide; 3-(1 -{[3-(4-methyl-1
-piperazinyl)propyl]sulfonyl}-4-piperidinyl)-5-(2-thie
nyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(4-hydroxy-1-piperidinyl)propyl]sulfonyl}-4-p
iperidinyl)-5-(3-thienyl)-1H-indole-7- carboxamide;
3-(1 -{[3-(4-methyl-1
-piperazinyl)propyl]sulfonyl}-4-piperidinyl)-5-(3-thie
nyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(4-rnorpholinyl)propyl]sulfonyl}-4-piperidiny
l)-5-(2-thienyl)-1H-indole-7- carboxamide;
3-(1-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl
)-5-(3-thienyl)-1 H-indole-7- carboxamide;
5-(4-fluorophenyl)-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7- carboxamide;
3-(1-{[3-(dirnethylamino)propyl]sulfonyl}-4-piperidiny
l)-5-[3-(hydroxynnethyl)phenyl]-1 Hindole-
7-carboxamide;
3-(1-{[3-(dirnethylamino)propyl]sulfonyl}-4-piperidiny
l)-5-[4-(hydroxymethyl)phenyl]-1 Hindole-
7-carboxamide;
3-(1-{[3-(dirnethyIamino)propyl]sulfonyl}-4-piperidiny
l)-5-(4-methylphenyl)-1 H-indole-7- carboxamide;
5-[4-(acetylamino)phenyl]-3-(1-{[3-(dimethylamino)prop
yl]sulfonyl}-4-piperidinyl)-1 Hindole- 7-carboxamide;
3-(1
-{[3-(dimethylamino)propyI]sulfonyl}-4-piperidinyl)-5-
{4- [(methylsulfonyl)amino]phenyl}-1
H-indole-7-carboxamide; 3-(1
-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl)-5-
(1 H-pyrazol-4-yl)-1 H-indole-7- carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-[3-(methylsulfonyl)phenyl]-1 Hindole-
7-carboxamide; 5-[3-(hydroxymethyl)phenyl]-3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1Hindole
- 7-carboxamide; 5-(4-methylphenyl)-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7- carboxamide;
5-[4-(acetylamino)phenyl]-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole- 7-carboxamide;
5-{4-[(methylsulfonyl)amino]phenyl}-3-(1-{[3-(1-pyrrol
idinyl)propyl]sulfonyl}-4-piperidinyl)-
1H-indole-7-carboxamide; 5-(1 H-pyrazol-4-yl)-3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1H-indol
e-7- carboxamide; 5-[3-(methyIsulfonyl)phenyl]-3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1Hindole
- 7-carboxamide; 5-[4-(hydroxymethyl)phenyl]-3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1Hindole
- 7-carboxamide; 5-{3-[(ethylamino)methyl]phenyl}-3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyI)-1Hindole
- 7-carboxamide;
5-{3-[(methylamino)methyl]phenyl}-3-(1-{[3-(1-pyrrolid
inyl)propyl]sulfonyl}-4-piperidinyl)-
1H-indole-7-carboxamide; 5-(3-{[(1
-methylethyl)amino]methyl}phenyl)-3-(1 -{[3-(1
-pyrro!idinyl)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-[3-({[(2S)-2-hydroxypropyl]amino}methyl)phenyl]-3-(1
-{[3-(1-pyrrolidinyl)propyl]sulfonyl}-
4-piperidinyl)-1 H-indole-7-carboxamide;
5-{3-[(cyclopentylamino)methyl] phenyl}-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulf onyl}-4- piperidinyl)-1
H-indole-7-carboxa inide; 5-[3-({[(1 S)-2-hydroxy-1
-methylethyl]amino}methyl)phenyl]-3-(1 -{[3-(1 -
pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-{3-[(ethylamino)methyl]phenyl}-
1H-indole-7-carboxamide; 3-(1
-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl)-5-
[3-({[(1 S)-2-hydroxy-1 -
methylethyl]amino}methyl)phenyl]-1
H-indole-7-carboxamide; 3-(1
-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl)-5-
[3-({[(2S)-2- hydroxypropyl]amino}methyl)phenyl]-1
H-indole-7-carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-[4-(1-piperidinylmethyl)phenyl]-
1H-indole-7-carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-[4-(4-morpholinylmethyl)phenyl]-
1H-indole-7-carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-[4-(1-pyrrolidinylmethyl)phenyl]-
1H-indole-7-carboxamide;
3-(1-{[3-(cyclopentylamino)propyl]sulfonyl}-4-piperidi
nyl)-5-[3-(hydroxymethyl)phenyl}-1 Hindole-
7-carboxamide;
3-(1-{[3-(cyclopentylamino)propyl]sulfonyl}-4-piperidi
nyl)-5-(4-methylphenyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(cyclopentylamino)propyl]sulfonyl}-4-piperidi
nyl)-5-(3,4-difluorophenyl)-1 H-indole- 7-carboxamide;
5-(3-chlorophenyl)-3-(1-{[3-(cyclopentylamino)propyl]s
ulfonyl}-4-piperidinyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(cyclopentylamino)propyl]sulfonyl}-4-piperidi
nyl)-5-(4-ethylphenyl)-1H-indole-7- carboxamide;
3-(1-{[3-(cyclopentylamino)propyl]sulfonyl}-4-piperidi
nyl)-5-[4-(dimethylamino)phenyl]-1 Hindole-
7-carboxamide; 1,1-dimethylethyl
4-{[3-({4-[7-(aminocarbonyl)-5-phenyl-1
H-indol-3-yl]~1-
piperidinyl}sulfonyl)propyl]amino}-1-piperidinecarboxy
late;
5-phqnyl-3-(1-{[3-(4-piperidinylamino)propyl]sulfori-y
l}-4-piperidinyl)-1 H-indolq-7- carboxamide;
5-phenyl-3-{1-[(3-{[(2R)-tetrahydro-2-furanylmethyl]am
ino}propyl)sulfonyl]-4-piperidinyl}-
1H-indolq-7-carboxamide;
3-(1-{[3-(cyclopentylamino)propyl]suIfonyl}-4-piper
dinyl)-5-phenyl-1H-indole-7- 



carboxamide;
3-[1-({3-[[3-(dimethylamino)propyl](methyl)amino]p>rop
yl}suifonyl)-4-piperidinyl]-5-phenyI-
1H-indole-7-carboxamide; 3-[1
-({3-[4-(aminocarbonyl)-1 -piperidinyl]propyl}sulf
onyl)-4-piperidinyl]-5-phenyl-1 Hindole-
7-carboxamide;
3-(1-{[3-(4-hydroxy-1-piperidinyl)propyl]sulfonyl}-4-p
iperidinyl)-5-phenyl-1 H-indole-7- carboxamide; 3-(1
-{[3-(1 ,4'-bipiperidin-1
'-yl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide; 5-phenyl-3-[1
-({3-[4-(phenylmethyl)-1
-piperidinyl]propyl}sulfonyl)-4-piperidinyl]-1
H-indole- 7-carboxamide; 3-(1 -{[3-(octahydro-1
(2H)-quinolinyl)propyl]sulfonyl}-4-piperidinyl)-5-phen
yl-1 H-indole-7- carboxamide; 3-(1 -{[3-(hexahydro-1
H-azepin-1
-yl)propyl]sulfonyl}~4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide;
3-(1-{[3-(4-{2-[(1-methylethyl)amino]-2-oxoethyl}-1-pi
pera2inyl)propyl]sulfonyl}-4- piperidinyl)-5-phenyl-1
H-indole-7-carboxamide; 3-(1 -{[3-(2-ethyl-1
-piperidinyl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl-
1 H-indole-7- carboxamide; 3-(1 -{[3-(2-methyl-1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl
-1 H-indole-7- carboxamide;
5-phenyl-3-[1-({3-[2-(2-thienyl)-1-pyrrolidinyl]propyl
>sulfonyl)-4-piperidinyl]-1 H-indole-7- carboxamide;
3-(1 -{[3-(3-hydroxy-1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl
-1 H-indole-7- carboxamide; 3-(1
-{[3-(4-hydroxy-4-phenyl-1 -piperidinyl)propyl]su
lfonyl}-4-piperidinyl)-5-phenyl-1 Hindole-
7-carboxamide; 3-(1 -{[3-(3-hydroxy-1
-piperidinyl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl-
1 H-indole-7- carboxamide; 3-[1
-({3-[(2R)-2-(aminocarbonyl)-1
-pyrrolidinyl]propyl}sulfonyl)-4-piperidinyl]-5-phenyl
-1 Hindole- 7-carboxamide;
3-[1-({3-[(2S)-2-(hydroxymethyl)-1-pyrrolidinyl]propyl
}sulfonyl)-4-piperidinyl]-5-phenyl-1 Hindole-
7-carboxamide; 3-[1 -({3-[(2-hydroxyethyl)(1
-methyIethyl)amino]propyl}sulfonyl)-4-piperidinyl]-5-p
henyl-1 Hindole- 7-carboxamide; 3-[1
-({3-[methyl(2-propyn-1 -yl)amino]propyl}sulf
onyl)-4-piperidinyl]-5-phenyl-1 H-indole-7-
carboxamide; 5-phenyl-3-(1 -{[3-(1
,3-thiazoIidin-3-yl)propyl]sulfonyl}-4-piperidinyl)-~l
H-indole-7- carboxamide; 5-phenyl-3-[1 -({3-[2-(1
,3-thiazol-2-yl)-1
-pyrrolidinyl]propyl}sulfonyl)-4-piperidinyl]-1
Hindole- 7-carboxamide;
3-[1-({3-[(2-furanylmethyl)(methyl)amino]propyI}sulfon
yl)-4-piperidiri y I]-5-phenyl-1Hindole-
7-carboxamide; 3-(1 -{[3-(2-methyl-1
-aziridinyl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide; 3-[1 -({3-[ethyl(1
-methylethyl)amino]propyl}sulfonyl)-4-piperidinyl]-5-p
henyl-1 H-indole-7- carboxamide;
3-{1-[(3-{ethyl[2-(methyloxy)ethyl]amino}propyl)sulfon
yl]-4-piperidinyl}-5-phenyl-1Hindole- 7-carboxamide;
3-(1-{[3-(diethylamino)propyl]sulfonyl}-4-piperidinyl)
-5-phenyl-1H-indole-7-carboxamide;
3-[1-({3-[[2-hydroxy-2-(4-hydroxyphenyl)ethyl](methyl)
amino]propyl>sulfonyl)-4-
piperidinyl]-5-phenyl-1H-indole-7-carboxamide; 3-(1
-{[3-(3-amino-1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl
-1 H-indole-7- carboxamide;
3-[1-({3-[ethyl(methyl)amino]propyl}sulfonyl)-4-piperi
dinyl]-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(3-{bis[2-(methyloxy)ethyl]amino}propyl)sulfonyl
]-4-piperidinyl}-5-phenyl-1 H-indole- 7-carboxamide;
3-(1-{[3-(2,6-dimethyl-4-morpholinyl)propyl]sulfonyl}-
4-piperidinyl)-5-phenyl-1 H-indole-7- carboxamide;
3-[1 -({3-[2-(hydroxymethyl)-1
-piperidinyl]propyl}sulfonyl)-4-piperidinyl]-5-phenyl-
1 Hindole- 7-carboxamide; 3-[1
-({3-[3-(hydroxymethyl)-1
-piperidinyl]propyl}sulfonyl)-4-piperidinyI]-5-phenyl-
1 Hindole- 7-carboxamide;
3-{1-[(3-{(2S)-2-[(methyloxy)methyl]-1-pyrrolidinyl}pr
opyl)sulfonyl]-4--piperidinyl}-5-phenyl-
1H-indole-7-carboxamide;3-[1 -({3-[methyl(1
-methylethyl)amino]propyl}sulfonyl)-4-piperidinyl]-5-p
henyl-1 H-indole-7- carboxamide; 3-{1 -[(3-{[(1 S)-1
-(hydroxymethyl)-2-methylpropyl]amino}propyl)sulfonyl]
-4-piperidinyl}-5- phenyl-1 H-indole-7-carboxamide;
3-[1 -({3-[(2-hydroxy-1
-methylethyl)amino]propyl}sulfonyl)-4-piperidinyl]-5-p
henyl-1 H - indole-7-carboxamide; 3-{1
-[(3-{[2-(dimethylamino)ethyl]amino}propyl)sulfonyl]-4
-piperidinyl}-5-phenyl-1 H- ndole- 7-carboxamide;
3-[1-({3-[(trans-4-hydroxycyclohexyl)amino]propyl}sulf
onyl)-4-piperidinyl]-5-phenyl-1 Hindole-
7-carboxamide;
3-[1-({3-[(2-hydroxypropyl)amino]propyl}sulfonyl)-4-pi
peridinyl]-5-phenyl-1 H-indole-' 7- carboxamide; 3-{1
-[(3-{[1
-methyl-2-(methyloxy)ethyl]amino}propyl)sulfonyl]-4-pi
peridinyl}-5-phenyl-1 Hindole- 7-carboxamide; 3-[1
-({3-[(2-hydroxyethyl)amino]propyl}sulfonyl)-4-piperid
inyl]-5-phenyl-1 H-indole-7- carboxamide;
3-[1-({3-[(2-hydroxybutyl)amino]propyl}sulfonyl)-4-pip
eridinyl]-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(3-{[2-(4-morpholinyl)ethyl]amino}propyl)sulfony
l]-4-piperidinyl}-5-phenyl-1 H-indole- 7-carboxamide;
3-{1
-[(3-{[(2R)-2-hydroxypropyl]amino}propyl)sulfonyl]-4-p
iperidinyl}-5-phenyl-1 H-in dole- 7-carboxamide; 3-{1
-[(3-{[(1 R)-1
-(hydroxymethyl)-2-methylpropyl]amino}propyl)sulfonyl]
-4-piperidinyl}-5- 



phenyl-1 H-indole-7-carboxamide; 3-{1 -[(3-{[(1 S)-1
-(hydroxymethyl)propyl]amino}propyl)sulfonyl]-4-piperi
dinyl}-5-phenyl-1 Hindole- 7-carboxamide;
3-(1-{[3-(cyclohexylamino)propyI]sulfonyl}-4-piperidin
yl)-5-phenyl-1 H-indole-7- carboxamide;
3-[1-({3-[(4-methylphenyl)oxy]propyl}sulfonyl)-4-piper
idinyl]-5-phenyl-1 H-indole-7- carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
phenyl-1 H-indole-7-carboxamide;
5-phenyl-3-(1-{[3-(phenyloxy)propyl]sulfonyl}-4-piperi
dinyl)-1 H-indole-7-carboxamidle; d-phenyl-S- i - S-
-CtrifluoromethylJphenyOoxyJpropyOsulfonyll^-piperidin
ylJ-IH-indole- 7-carboxamide; 3-[1
-({3-[(4-hydroxybutyl)oxy]propyl}sulfonyl)-4-piperidin
yl]-5-phenyl-1 H-indole-7- carboxamide;
3-[1-({3-[(cyclopropylmethyl)oxy]propyl}sulfonyl)-4-pi
peridinyl]-5-phenyl-1 H-indole-7- carboxamide; 3-[1
-({3-[(2-hydroxy-1
-methylpropyl)oxy]propyl}sulfonyl)-4-piperidinyl]-5-ph
enyl-1 H-indole- 7-carboxamide; 3-[1
-({3-[(cyclobutylmethyl)oxy]propyl}sulfonyl)-4-piperid
inyl]-5-phenyl-1 H-indole-7- carboxamide;
5-phenyl-3-[1-({3-[(tetrahydro-3-furanylmethyl)oxy]pro
pyl}sulfonyl)-4-piperidinyl]-1 Hindole- 7-carboxamide;
3-{1-[(3-{[4-(acetyIamino)phenyl]oxy}propyl)suIfonyl]-
4-piperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(3-{[4-(methyIoxy)phenyl]oxy}propyl)sulfonyl]-4-
piperidinyl}-5-phenyl-1H-indole-7- carboxamide;
3-{1-[(3-{[2-(methyloxy)phenyl]oxy}propyl)sulfonyl]-4-
piperidinyl}-5-phenyl-1H-indole-7- carboxamide; 3-[1
-({3-[(4-fluorophenyl)oxy]propyl}sulfonyl)-4-piperidin
yl]-5-phenyl-1 H-indole-7- carboxamide;
5-phenyl-3-{1-[(3-{[3-(trifluoromethyl)phenyl]oxy}prop
yl)sulfonyI]-4-piperidinyl}-1 H-indole- 7-carboxamide;
3-{1-[(3-{[3-(methyloxy)phenyl]oxy}propyl)sulfonyl]-4-
piperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(3-hydroxypropyl)sulfonyl]-4-piperidinyl}-5-phen
yl-1H-indole-7-carboxamide;
3-(1-{[2-(ethyloxy)ethyl]sulfonyl}-4-piperidinyl)-5-ph
enyl-1H-indole-7-carboxamide;
3-(1-{[3-(ethyloxy)propyl]sulfonyl}-4-piperidinyl)-5-p
henyl-1 H-indole-7-carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-{3-[(methylamino)methyl]phenyl}-
1H-indole-7-carboxamide; 5-phenyl-3-{1 -[(2-{[2-(1
-piperidinyl)ethyl}oxy}ethyl)sulfonyl]-4-piperidinyI}-
1 H-indole-7- carboxamide;
3-(1-{[2-({[(2S)-1-methyl-2-pyrrolidinyl]methyl}oxy)et
hyl]sulfonyl}-4-piperidinyl)-5-phenyl-
1H-indole-7-carboxamide; 3-{1 -[(2-{[2-(2-oxo-1
-pyrrolidinyl)ethyl]oxy}ethyl)sulfonyI]-4-piperidinyl}
-5-phenyl-1 Hindole- 7-carboxamide; 3-(1
-{[2-({2-[bis(1
-methylethyl)amino]ethyl}oxy)ethyl]sulfonyl}-4-piperid
inyl)-5-phenyl-1 Hindole- 7-carboxamide;
3-{1-[(2-{[2-(4-morpholinyl)ethyl]oxy}ethyl)suIfonyl]-
4-piperidinyl}-5-phenyl-1 H-indole-7- carboxamide;3-{1
-[(2-{[2-(hexahydro-1 H-azepin-1
-yl)ethyl]oxy}ethyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1H-indole-7-carboxamide;
3-{1-[(2-{[2-(diethylamino)ethyl]oxy}ethyl)sulfonyl]-4
-piperidinyl}-5-phenyl-1 H-indole-7- carboxamide; 3-[1
-({2-[(2-{4-[(4-f luorophenyl)methyl]-1
-piperazinyl}ethyl)oxy]ethyl}sulfonyl)-4-
piperidinyl]-5-phenyl-1 H-indole-7-carboxamide;
3-(1-{[2-({2-[ethyl(3-methylphenyl)amino]ethyl}oxy)eth
yl]sulfonyI}-4-piperidinyl)-5-phenyl-
1H-indole-7-carboxamide;
3-(1-{[2-({2-[bis(2-hydroxypropyl)amino]ethyl}oxy)ethy
l]sulfonyl}-4-piperidinyl)-5-phenyl-
1H-indole-7-carboxamide;
3-{1-[(2-{[2-(acetylamino)ethyl]oxy}ethyl)sulfonyl]-4-
piperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
3-(1-{[2-({2-[(1-methylethyl)oxy]ethyl}oxy)ethyl]sulfo
nyl}-4-piperidinyl)-5-phenyl-1 H-indole-
7-carboxamide; 3-[1 -({2-[(2-f
uranylmethyl)oxy]ethyl}sulfonyl)-4-piperidinyl]-5-phen
yl-1 H-indole-7- carboxamide;
3-[1-({2-[(3-furanylmethyl)oxy]ethyl}sulfonyI)-4-piper
idinyl]-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(2-{[2-(methylthio)ethyl]oxy}ethyl)sulfonyl]-4-p
iperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
5-phenyl-3-{1-[(2-{[2-(3-thienyl)ethyl]oxy}ethyl)sulfo
nyl]-4-piperidinyl}-1 H-indole-7- carboxamide;
3-{1-[(2-{[(2-methylcyclopropyl)methyl]oxy}ethyl)sulfo
nyl]-4-piperidinyl}-5-phenyl-1Hindole- 7-carboxamide;
3-{1
-[(2-{[2-(ethyloxy)ethyl]oxy}ethyl)sulfonyl]-4-piperid
inyl}-5-phenyl-1 H-indole-7- carboxamide;
3-[1-({2-[(2,2,3,3,3-pentafluoropropyl)oxy]ethyl}sulfo
nyl)-4-piperidinyl]-5-phenyl-1 Hindole- 7-carboxamide;
3-[1-({2-[(2-methylpropyl)oxy]ethyl}sulfonyl)-4-piperi
dinyl]-5-phenyl-1 H-indole-7- carboxamide;
5-phenyl-3-(1-{[2-(propyloxy)ethyl]sulfonyl}-4-piperid
inyl)-1 H-indole-7-carboxamide;
5-phenyl-3-[1-({2-[(2,2,2-trifluoroethyl)oxy]ethyl}sul
fonyl)-4-piperidinyl]-1 H-indole-7- carboxamide;
5-phenyl-3-[1-({2-[(tetrahydro-3-furanylmethyl)oxy]eth
yl}sulfonyl)-4-piperidinyl]-1 H-indole- 7-carboxamide;
3-{1-[(2-{[2-(methylsulfonyl)ethyl]oxy}ethy])sulfonyl]
-4-piperidinyl}-5-phenyl-1H-indole-7- carboxamide;
3-(1-{[2-({[(2S)-5-oxo-2-pyrrolidinyl]methyl}oxy)ethyl
]sulfonyl}-4-piperidinyl)-5-phenyl-1 Hindole-
7-carboxamide;
3-{1-[(2-{[3-(dimethylamino)propyl]oxy}ethyl)sulfonyl]
-4-piperidinyl}-5-phenyl-1 H-indolq-7- carboxamide;
3-[1-({2-[(cyclopropylmethyl)oxy]ethyl}sulfonyl)-4-pip
eridinyl]-5-phenyI-1 H-indoIe-7- 



carboxamide;
3-[1-({2-[(cyclopentylmethyl)oxy]ethyl}sulfonyl)-4-pip
eridinyl]-5-phenyl-1 H-indole-7- carboxamide; 3-[1
-({2-[(1
-methylethyl)oxy]ethyl}sulfonyl)-4-piperidinyl]-5-phen
yl-1 H-indole-7- carboxamide;
3-[1-({2-[(2-{[2-(dimethylamino)ethyl]oxy}ethyl)oxy]et
hyl}sulfonyl)-4-piperidinyl]-5-phenyl-
1H-indole-7-carboxamide; 3-{1 -[(2-{[(1
S,3S)-3-hydroxy-1
-methylbutyl]oxy}ethyl)sulfonyl]-4-piperidinyl}-5-phen
yl-1 Hindole- 7-carboxamide;
3-[1-({2-[(4-hydroxybutyl)oxy]ethyl}sulfonyl)-4-piperi
dinyl]-5-phenyl-1H-indole-7- carboxamide; 3-{1
-[(2-{[(1 R,3R)-3-hydroxy-1
-methylbutyl]oxy}ethyl)sulfonyl]-4-piperidinyl}-5-phen
yl-1 Hindole- 7-carboxamide; 3-[1 -({2-[(2-hydroxy-1
-methylpropyl)oxy]ethyl}sulfonyl)-4-piperidinyl]-5-phe
nyl-1 H-indole- 7-carboxamide;
5-phenyl-3-{1-[(2-{[2-(2-thienyl)ethyl]oxy}ethyl)sulfo
nyl]-4-piperidinyl}-1 H-indole-7- carboxamide;
5-phenyl-3-{1 -[(2-{[2-(1
-pyrrolidinyl)ethyl]oxy}ethyl)sulfonyl]-4-piperidinyl}
-1 H-indole-7- carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-(3-{[(1- methylethyl)amino]methyl}phenyl)-1
H-indole-7-carboxamide;
3-[1-({2-[(methyloxy)amino]ethyl}sulfonyl)-4-piperidin
yl]-5-phenyl-1 H-indole-7- carboxamide;
3-[1-({2-[hydroxy(methyl)amino]ethyl}sulfonyl)-4-piper
idinyl]-5-phenyl-1 H-indole-7- carboxamide;
3-[1-({2-[methyl(methyloxy)amino]ethyl}sulfonyl)-4-pip
eridinyl]-5-phenyl-1H-indole-7- carboxamide;
3-[1-({2-[(ethyloxy)amino]ethyl}sulfonyl)-4-piperidiny
l]-5-phenyl-1 H-indole-7-carboxamide;
3-[1-({3-[(methyloxy)amino]propyl}sulfonyl)-4-piperidi
nyI]-5-phenyl-1 H-indole-7- carboxamide;
3-[1-({3-[hydroxy(methyl)amino]propyl}sulfonyl)-4-pipe
ridinyl]-5-phenyl-1 H-indole-7- carboxamide; 3-[1
-({3-[methyl(methyloxy)amino]propyl}sulfonyl)-4-piperi
dinyl]-5-phenyl-1 H-indole-7- carboxamide;
3-[1-({3-[(ethyloxy)amino]propyl}sulfonyl)-4-piperidin
yl]-5-phenyl-1 H-indole-7- carboxamide;
5-{3-[(methylamino)methyl]phenyI}-3-(1-{[3-(methyloxy)
propyl]sulfonyl}-4-piperidinyl)-1 Hindole-
7-carboxamide;
5-{3-[(ethylamino)methyl]phenyl}-3-(1-{[3-(methyloxy)p
ropyl]sulfonyl}-4-piperidinyl)-1 Hindole-
7-carboxamide;
5-(3-{[(1-methylethyl)amino]methyl}phenyl)-3-(1-{[3-(m
ethyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide; 3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-{3-[
(propylamino)methyl]phenyl}-1 Hindole- 7-carboxamide;
5-[3-({[(2R)-2-hydroxypropyl]amino}methyl)phenyl]-3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indoIe-7-carboxamide;
5-[3-({[(2S)-2-hydroxypropyl]amino}methyl)phenyl]-3-(1
-{[3-(methyloxy)propyl]sulfonyI}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-(3-{[(cyclopropylmethyl)amino]methyl}phenyl)-3-(1-{[
3-(methyloxy)propyl]suIfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-[3-({[2-(methyloxy)ethyl]amino}methyl)phenyl]-3-(1-{
[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-[3-({[(2R)-2-methylbutyl]amino}methyl)phenyl]-3-(1-{
[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-(3-{[(2,2-dimethylpropyl)amino]methyl}phenyl)-3-(1-{
[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-[3-({[3-(methyloxy)propyl]amino}methyI)phenyl]-3-(1-
{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-[3-({[2-(ethyloxy)ethyl]amino}methyl)phenyl]-3-(1-{[
3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-{[(tetrahydro-2-
furanylmethyl)amino]methyl}phenyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
[3-({[(2R)-tetrahydro-2-
furanylmethyl]amino}methyl)phenyl]-1
H-indole-7-carboxamide;5-[3-({[(1 S)-1
,2-dimethylpropyl]amino}methyI)phenyl]-3-(1
-{[3-(methyloxy)propyl]sulfonyl}- 4-piperidinyl)-1
H-indolq-7-carboxamide;
5-[3-({[1-methyl-2-(methyloxy)ethyl]amino}methyl)pheny
l]-3-(1-{[3-
(methyloxy)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide; 3-(1 -{[3-(m
qthyloxy)propyl]sulfonyl}-4-piperidinyl)-5-[3-({[(1
S)-1 ,2,2- trimethylpropyl]amino}methyl)phenyl]-1
H-indole-7-carboxamide;
5-{3-[({1-[(methyloxy)methyl]propyl}amino)methyl]pheny
l}-3-(1-{[3-
(methyIoxy)propyl3sulfonyl}-4-piperidinyl)-1H-indole-7
-carboxamide;
5-[3-({[(5-methyl-2-furanyl)methyl]amino}methyl)phenyl
]-3-(1-{[3-
(methyloxy)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide;
5-(3-{[(2-hydroxy-1-methyIethyl)amino]methyl}phenyl)-3
-(1-{[3- (methyloxy)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide; 5-(3-{[(1 ,1
-dimethylpropyl)amino]methyl}phenyl)-3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-(3-{[(4-hydroxybutyl)amino]methyl}phenyl)-3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyIoxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-{[(4- pyridinylmethyl)amino]methyl}phenyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-{[(2- pyridinylmethyl)amino]methyl}phenyl)-1
H-indole-7-carboxamide; 5-[3-({[3-(1 H-imidazol-1
-yl)propyl]amino}methyl)phenyl]-3-(1 -{[3-
(methyloxy)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
[3-({[3-(1- pyrrolidinyl)propyl]amino}methyl)phenyl]-1
H-indole-7-carboxamide; 3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-[3-(
{[2-(1 - 



piperidinyl)ethyl]amino}methyl)phenyl]-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
[3-({[3-(4- morpholinyl)propyl]amino}methyl)phenyl]-1
H-indole-7-carboxamide; 5-[3-({[(1 S)-1
-cyclohexylethyl]amino}methyl)phenyl]-3-(1
-{[3-(methyloxy)propyl]sulfonyl}- 4-piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-{[methyl(2-propen-1- yl)amino]methyl}phenyl)-1
H-indole-7-carboxamide;
5-(3-{[(3R)-3-hydroxy-1-pyrrolidinyl]methyl}phenyl)-3-
(1-{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-(3-{[(2-hydroxyethyl)(propyl)amino]methyl}phenyl)-3-
(1-{[3-(methyloxy)propyl]sulfonyl}- 4-piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
{3-[(2-propyl-1- pyrrolidinyl)methyl]phenyl}-1
H-indole-7-carboxamide;
5-(3-{[2-(1-methylethyl)-1-pyrrolidinyl]methyl}phenyl)
-3-(1-{[3-(methyloxy)propyl]sulfonyl}-
4-piperidinyI)-1 H-indole-7-carboxamide;
5-{3-[(3,5-dimethyl-1 -piperidinyl)methyl]phenyl}-3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-(3-{[(2S)-2-(aminocarbonyl)-1-pyrrolidinyl]methyl}ph
enyl)-3-(1-{[3-
(methyloxy)propyl]sulfonyl}-4-piperidinyl)-1H-indoIe-7
-carboxamide; 5-(3-{[(1 , 1-dimethyl
qthyl)amino]methyl}phenyl)-3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indol q-7-carboxamide;
5-{3-[(methylamino)methyl]phenyl}-3-(1-{[2-(methyloxy)
ethyl]sulfonyl}-4-piperidinyl)-1Hindol
q-7-carboxamide; 5-(3-{[(1 ,
1~dimethylpropyl)amino]methyl}phenyl)-3-(1
-{[2-(methyloxy)ethyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide; 3-(1-{[3-(m
qthyloxy)propyl]sulfonyl}-4-piperidinyl)-5-(2-thienyl)
-1H-indole-7-carboxamide;
3-(1-{[3-(ethyloxy)propyl]sulfonyl}-4-piperidinyl)-5-(
3-thienyl)-1 H-indole-7-carboxamide;
3-(1-{[3-(ethyloxy)propyl]sulfonyl}-4-piperidinyl)-5-(
2-thienyl)-1 H-indole-7-carboxamide; 3-{1 -[(3-
hydroxypropyl)sulf
onyl]-4-piperidinyl}-5-(2-thienyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-thienyl)-1 H-indole-7-carboxamide; 3-{1-[(1
-methyl-1
H-imidazol-4-yl)sulfonyl]-4-piperidinyl}-5-phenyl-1
H-indole-7- carboxarnide;
5-phenyl-3-[1-(2-thienylsulfonyl)-4-piperidinyl]-1
H-indole-7-carboxamide;
3-{1-[(5-chloro-2-thienyl)sulfonyl]-4-piperidinyl}-5-p
henyl-1 H-indole-7-carboxamide;
3-(1-{[5-(3-isoxazolyl)-3-thienyl]sulfonyl}-4-piperidi
nyl)-5-phenyl-1 H-indole-7- carboxarnide;
5-phenyI-3-{1-[(5-{[(phenyImethyl)amino]methyl}-2-thie
nyl)sulfonyl]-4-piperidinyl}-1Hindole- 7-carboxamide;
3-(1 -{[2-(acetylamino)-4-methyl-1
,3-thiazol-5-yl]sulfonyl}-4-piperidinyl)-5-phenyl-1
Hindole- 7-carboxamide; 3-{1-[(5-chloro-1
,3-dimethyl-1
H-pyrazol-4-yl)sulfonyl]-4-piperidinyl}-5-phenyl-1
H-indole-7- carboxarnide; 3-{1-[(4-chloro-2,1
,3-benzoxadiazol-5-yl)sulfonyl]-4-piperidinyl}-5-pheny
l-1H-indole-7- carboxarnide; 3-{1-[(1 ,2-dimethyl-1
H-imidazol-4-yl)sulfonyl]-4-piperidinyl}-5-phenyl-1
H-indole-7- carboxarnide;5-phenyl-3-{1 -[(1
,3,5-trimethyl-1
H-pyrazoI-4-yl)sulfonyl]-4-piperidinyl}-1 H-indole-7-
carboxamide;
3-{1-[(3,5-dimethyl-4-isoxazolyI)sulfonyl]-4-piperidin
yl}-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(2,4-dimethyl-1
,3-thiazol-5-yl)sulfonyl]-4-piperidinyl}-5-phenyl-1
H-indole-7- carboxamide; 3-{1 -[(1 ,2-dimethyI-1
H-imidazol-5-yl)sulfonyl]-4-piperidinyl}-5-phenyl-1
H-indole-7- carboxamide; 3-{1 -[(1 -methyl-1
H-irnidazoI-4-yl)sulfonyl]-4-piperidinyl}-5-(3-thienyl
)-1 H-indole-7- carboxamide; 3-(1 -{[3-(methyloxy)
propyljsulf onyl}-4-piperidinyl)-5-[5-(1
-pyrrolidinylmethyl)-3-thienyl]-1 Hindol
q-7-carboxamide;
5-(5-{[(2,2-dimethylpropyl)amino]methyl}-3-thienyl)-3-
(1-{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide; 3-[1
-({3-[(3-ethylphenyl)oxy]propyl}sulfonyl)-4-piperidiny
l]-5-phenyl-1 H-indole-7- carboxamide;
3-[1-({3-[(3-methylphenyl)oxy]propyl}sulfonyl)-4-piper
idinyl]-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(3-{[4-(ethyloxy)phenyl]oxy}propyl)sulfonyl]-4-p
iperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(3-{[4-(aminocarbonyl)phenyl]oxy}propyl)sulfonyl
]-4-piperidinyl}-5-phenyl-1 H-indole- 7-carboxamide;
3-{1-[(3-{[2-(acetylarnino)-5-methylphenyl]oxy}propyl)
sulfonyl]-4-piperidinyl}-5-phenyl-1 Hindol
q-7-carboxamide; 3-{1
-[(3-{[2-fluoro-6-(methyloxy)phenyl]oxy}propyl)sulfony
l]-4-piperidinyl}-5-phenyl-1 Hindole- 7-carboxamide;
3-{1-[(3-{[2-fluoro-3-(trifIuoromethyl)phenyl]oxy}prop
yl)sulfonyl]-4-piperidinyl}-5-phenyl-
1H-indole-7-carboxamide;
3-(1-{[3-({2-[(dimethylamino)methyl]phenyl}oxy)propyl]
sulfonyl}-4-piperidinyl)-5-phenyl-
1H-indole-7-carboxamide; 3-[1 -({3-[(3-fluoroph
enyl)oxy]propyl}sulf onyl)-4-piperidinyl]-5-phenyl-1
H-indole-7- carboxamide;
3-{1-[(3-{[3-(acetylamino)phenyl]oxy}propyl)sulfonyl]-
4-piperidinyl}-5-phenyl-1H-indole-7- carboxamide; 3-[1
-({3-[(2-fluoroph
enyl)oxy]propyl}sulfonyl)-4-piperidinyl]-5-phenyl-1
H-indole-7- carboxamide;
3-{1-[(3-{[3-(dimethylamino)phenyl]oxy}propyl)sulfonyl
]-4-piperidinyl}-5-ph qnyl-1 H-indole- 7-carboxamide;
S- i - S-
d-difluorophenyOoxylpropyljsulfonyO-^piperidinyll-
d-phQnyl-I H-indoIq-ycarboxamide; 3-{1
-[(3-{[2-(acetylamino)phenyl]oxy}p
ropyl)sulfonyl]-4-piperidinyl}-5-phenyl-1 H-indole-7-
carboxamide;
3-{1-[(3-{[3-(diethylamino)phenyl]oxy}propyl)sulfonyl]
-4-piperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
3-(1 -{[3-(1
,3-benzodioxol-5-yloxy)propyl]sulfonyl}-4-piperidinyl)
-5-phenyl-1 H-indole-7- 



carboxamide;
5-phenyl-3-(1-{[3-({3-[(phenylamino)sulfonyl]phenyl}ox
y)propyI]sulfonyl}-4-piperidinyl)-1Hindole-
7-carboxamide;
3-{1-[(3-{[4-(4-acetyl-1-piperazinyl)phenyl]oxy}propyI
)sulfonyl]-4-piperidinyl}-5-phenyl-1 Hindole-
7-carboxamide; 3-[1
-({3-[(4-hydroxyphenyl)oxy]propyl}sulfonyl)-4-piperidi
nyl]-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(3-{[2-(acetylamino)-4-methylphenyl]oxy}propyl)s
ulfonyl]-4-piperidinyl}-5-phenyl-1 Hindole-
7-carboxamide;
3-{1-[(3-{[2-(methylsulfonyl)phenyl]oxy}propyl)sulfony
l]-4-piperidinyl}-5-phenyl-1 H-indole- 7-carboxamide;
5-phenyl-3-{1-[(3-{[3-(1-piperidinyl)phenyl]oxy}propyl
)sulfonyl]-4-piperidinyl}-1 H-indole-7- carboxamide;
3-[1-({3-[(2-hydroxyphenyl)oxy]propyl}sulfonyl)-4-pipe
ridinyl]-5-phenyl-1 H-indole-7- carboxamide; 3-[1
-({3-[(3-hydroxyphenyl)oxy]propyl}sulfonyl)-4-piperidi
nyl]-5-phenyl-1 H-indole-7- carboxamide;
5-phenyl-3-{1-[(3-{[4-(trifluoromethyl)phenyI]oxy}prop
yl)suIfonyI]-4-piperidinyl}-1 H-indole- 7-carboxamide;
5-[3-(1 -pyrrolidinylmethyl)phenyl]-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
Hindole- 7-carboxamide;
5-[3-(4-morpholinylmethyl)phenyl]-3-(1
-{[3-(1-pyrrolidinyl)propyI]sulfonyI}-4-piperidinyl)-
1H-indole-7-carboxamide; 5-[3-(1
-piperidinyImethyl)phenyl]-3-(1 -{[3-(1
-pyrrolidinyl)propyI]sulfonyl}-4-piperidinyl)-1
Hindole- 7-carboxamide; 5-phenyl-3-[1
-(3-thienylsulfonyl)-4-piperidinyl]-1
H-indole-7-carboxamide;
3-{1-[(4-methyl-2-thienyl)sulfonyI]-4-piperidinyl}-5-p
henyl-1 H-indole-7-carboxamide;S- i -
d-nnethyl^-thienyOsulfonylJ^-piperidinylJ- d-ph qnyl-I
H-indole-y-carboxamid Q; 3-[1 -(1
-benzothien-3-ylsulfonyl)-4-piperidinyl]-5-phenyl-1
H-indole-7-carboxamide; methyl
5-({4-[7-(aminocarbonyl)-5-phenyl-1 H-indol-3-yl]-1
-piperidinyl}sulfonyl)-1 -methyl-
1H-pyrrole-2-carboxylate; or methyl
5-({4-[7-(aminocarbonyl)-5-phenyl-1 H-indol-3-yl]-1
-piperidinyl}sulfonyl)-2-methyl- 3-furancarboxylate;
or a pharmaceutically acceptable salt thereof. Another
embodiment of the present invention is a compound
which is: 3-{1
-[(2-aminoethyl)sulfonyl]-4-piperidinyl}-5-phenyl- 1
H-indole-7-carboxamide; 3-(1
-{[2-(dimethylamino)ethyl]sulfonyl}-4-piperidinyl>-5-p
henyI-1 H-indole-7-carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidiny1
)-5~phenyl-1 H-indole-7-carboxamide;
3-(1-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl
)-5-phenyl-1 H-indole-7-carboxamide; 5-phenyl-3-(1
-{[3-(1 -pyrrolidinyl)propyl]sulfonyl}-4-pi
peridinyl)-1 H-indole-7-carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-(3-thienyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidiny
l)-5-(2-thienyl)-1H-indole-7- carboxamide; 3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-5-(2-thi
enyl)-1 H-indole-7- carboxamide; 3-(1 -{[3-(2-methyl-1
-pyrrolidinyl)propyl]sulfonyl}-4-p
peridinyl)-5-(2-thienyl)-1 H-indole-7- carboxamide;
3-(1
-{[3-(cyclopentylamino)propyl]sulfonyl}-4-piperidl
inyl)-5-(2-thienyl)-1 H-indole-7- carboxamide; 3-(1
-{[3-(4-hydroxy-1 -piperidinyl)propyl]sulf onyl}-4-p>
iperidinyl)-5-(2-thienyl)-1 H-indole-7- carboxamide;
3-(1-{[2-(cyclopentylamino)ethyl]sulfonyl}-4-piperidin
yl)-5-(2-thienyl)-1 H-indoIe-7- carboxamide; 3-(1
-{[2-(1
-pyrrolidinyl)ethyl]sulfonyl}-4-piperidinyl)-5-(3-thie
nyl)-1 H-indole-7- carboxamide; 3-(1
-{[2-(dimethylamino)ethyl]sulfonyl}-4-piperidinyl)-5-(
3-thienyl)-1 H-indole-7- carboxamide;
3-(1-{[2-(cyclopentylamino)ethyl]sulfonyl}-4-piperidin
yl)-5-(3-thienyl)-1 H-indole-7- carboxamide; 3-(1
-{[2-(4-hydroxy-1
-piperidinyl)ethyl]sulfonyl}-4-piperidinyl)-5-(3-thien
yl)-1 H-indole-7- carboxamide;
3-{1-[(2-hydroxyethyl)sulfonyl]-4-piperidinyl}-5-phe
it yl-1 H-indole-7-carboxamide;
5-(5-chloro-2-thienyl)-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-
1H-indole-7- carboxamidq;
3-(1-{[2-(methylamino)ethyl]sulfonyl}-4-piperidinyl)-5
-phenyl-1 H-indole-7-carboxamide; 5-phenyl-3-(1
-{[2-(1 -piperidinyl)qthyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide; 3-(1 -{[2-(4-methyl-1
-piperazinyl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-i ndole-7- carboxamide;
3-(1-{[2-(4-morpholinyl)ethyl]sulfonyl}-4-piperidinyl)
-5-phenyl-1H-indole-7-carboxamid q; 5-phenyl-3-(1
-{[2-(1 -pyrrolidinyl)ethyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide; 3-(1 -{[2-(4-hydroxy-1
-piperidinyl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide;
3-[1-({2-[[3-(dimethylamino)propyl](methyl)amino]ethyl
}sulfonyl)-4-piperidinyl]-5-phenyl-
1H-indole-7-carboxamide; 3-(1 -{[2-(1
,4'-bipiperidin-1
'-yl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide; 3-(1
-{[2-(diethylamino)ethyl]sulfonyl}-4-piperidinyl)-5-ph
enyl-1 H-indole-7-carboxamide; 3-(1 -{[2-(hexahydro-1
H-azepin-1
-yl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide;
3-(1-{[2-(ethylamino)ethyl]sulfonyl}-4-piperidinyl)-5-
phenyl-1 H-indole-7-carboxamide;
3-[1-({2-[ethyl(methyl)amino]ethyl}sulfonyl)-4-piperid
inyl]-5-phenyl-1 H-indole-7- carboxamide; 3-[1
-({2-[(2-hydroxyethyl)amino]ethyl}sulfonyl)-4-piperidi
nyl]-5-phenyl-1 H-i ndole-7- carboxamide;
3-{1-[(2-{[(2S)-2-hydroxypropyl]amino}ethyl)sulfonyl]-
4-piperidinyl}-5-phenyl-1 H-indole-7- carboxamide;
3-{1 -[(2-{[(1 S)-2-hydroxy-1
-methylethyl]amino}ethyl)sulfonyl]-4-piperidinyl}-5-ph
enyl-1 Hindole- 7-carboxamide; 3-(1 -{[2-(4-acetyl-1
-piperazinyl)ethyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- 



carboxamide;
3-[1-({2-[4-(2-hydroxyethyl)-1-piperazinyl]ethyl}sulfo
nyl)-4-piperidinyl]-5-phenyl-1 H-indole-
7-carboxamide;
3-{1-[(2-{methyl[2-(methylamino)ethyl]amino}ethyl)sulf
onyl]-4-piperidinyl}-5-phenyl-1 HindoIe-
7-carboxamide; 3-{1 -[(2-{4-[2-oxo-2-(1
-pyrrolidinyl)ethyl]-1
-piperazinyI}ethyl)sulfonyl]-4-piperidinyl}-5-
phenyl-1 H-indole-7-carboxamide;
3-{1-[(2-{2-[(dimethylamino)carbonyl]-1-pyrrolidinyl}e
thyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1H-indole-7-carboxamide;3-[1
-({2-[(2S)-2-(hydroxymethyl)-1
-pyrrolidinyl]ethyl}suIfonyl)-4-piperidinyl]-5-phenyl-
1 Hindole- 7-carboxamide; 3-[1
-({2-[(2S)-2-(aminocarbonyI)-1
-pyrrolidinyl]ethyl}sulfonyl)-4-piperidinyl]-5-phenyl-
1 Hindol q-7-carboxamide;
5-[5-(hydroxymethyl)-2-thienyl]-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
Hindole- 7-carboxamide;
5-[5-(1-pyrrolidinylmethyl)-2-thienyl]-3-(1-{[3-(1-pyr
rolidinyl)propyl]sulfonyI}-4-piperidinyl)-
1H-indole-7-carboxamide; 3-[1 -({3-[bis(1
-methylethyl)amino]propyl}sulfonyl)-4-piperidinyl]-5-p
henyI-1 H-indole-7- carboxamide;
3-(1-{[2-(methyloxy)ethyl]sulfonyl}-4-piperidinyl)-5-p
henyl-1 H-indole-7-carboxamide; 3-[1
-({3-[(2S,5S)-2,5-dimethyl-1
-pyrrolidinyl]propyl}sulfonyI)-4-piperidinyl]-5-phenyl
-1 Hindole- 7-carboxamide; 3-(1 -{[3-(4-methyl-1
-piperazinyl)propyl]sulfonyl}-4-piperidinyl)-5-(2-thie
nyl)-1 H-indoIe-7- carboxamide;
3-(1-{[3-(4-hydroxy-1-piperidinyl)propyl]sulfonyl}-4-p
iperidinyl)-5-(3-thienyl)-1 H-indole-7- carboxamide;
3-(1 -{[3-(4-methyl-1
-piperazinyl)propyl]sulfonyl}-4-piperidinyl)-5-(3-thie
nyI)-1 H-indole-7- carboxamide; 3-(1
-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl)-5-
(2-thienyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl
)-5-(3-thienyl)-1H-indole-7- carboxamide;
5-(4-fluorophenyl)-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7- carboxamide; 3-(1
-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl)-5-
(1 H-pyrazol-4-yl)-1 H-indole-7- carboxamide;
5-[3-(hydroxymethyl)phenyl]-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
Hindole- 7-carboxamide; 5-(4-methylphenyl)-3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7- carboxamide;
3-[1-({3-[[3-(dimethylamino)propyl](methyl)amino]propy
l}sulfonyl)-4-piperidinyl]-5-phenyl-
1H-indole-7-carboxamide; 3-(1 -{[3-(1
,4'-bipiperidin-1
'-yl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide;3-(1 -{[3-(hexahydro-1
H-azepin-1
-yl)propyl]sulfonyI}-4-piperidinyl)-5-phenyl-1
H-indole-7- carboxamide; 3-(1 -{[3-(4-{2-[(1
-methylethyl)amino]-2-oxoethyl}-1
-piperazinyl)propyl]sulfonyl}-4-
piperidinyl)-5-phenyl-1 H-indole-7-carboxamide; 3-(1
-{[3-(3-hydroxy-1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-5-phenyl
-1 H-indole-7- carboxamide;
3-[1-({3-[(2S)-2-(hydroxymethyl)-1-pyrrolidinyl]propyl
}sulfonyl)-4-piperidinyl]-5-phenyI-1Hindole-
7-carboxamide;
3-(1-{[3-(diethylamino)propyl]sulfonyl}-4-piperidinyl)
-5-phenyl-1H-indole-7-carboxamide; 3-[1
-({3-[[2-hydroxy-2-(4-hydroxyphenyI)ethyl](methyl)amin
o]propyl}sulfonyl)-4-
piperidinyl]-5-phenyl-1H-indole-7-carboxamide; 3-[1
-({3-[2-(hydroxymethyl)-1
-piperidinyl]propyl}sulfonyl)-4-piperidinyl]-5-phenyl-
1 Hindole- 7-carboxamide; 3-{1 -[(3-{[(1 S)-1
-(hydroxymethyl)-2-methylpropyl]amino}propyl)sulfonyl]
-4-piperidinyl}-5- phenyl-1 H-indole-7-carboxamide;
3-[1 -({3-[(2-hydroxy-1
-methylethyl)amino]propyl}sulfonyl)-4-piperidinyl]-5-p
henyl-1 Hindole- 7-carboxamide;
3-{1-[(3-{[2-(dimethylamino)
qthyl]amino}propyl)sulfonyl]-4-piperidinyl}-5-phenyl-1
H-indole- 7-carboxamide; 3-[1
-({3-[(trans-4-hydroxycyclohexyl)amino]propyl}sulfonyl
)-4-piperidinyl]-5-phenyl-1 Hindole- 7-carboxamide;
3-[1-({3-[(2-hydroxypropyI)amino]propyl}sulfonyl)-4-pi
peridinyl]-5-phenyl-1 H-indole-7- carboxamide; 3-{1
-[(3-{[1 -methyl-2-(methyloxy)
qthyl]amino}propyl)sulfonyl]-4-piperidinyl}-5-phenyl-1
Hindole- 7-carboxamide;
3-[1-({3-[(2-hydroxybutyl)amino]propyl}sulfonyl)-4-pip
eridinyl]-5-phenyl-1 H-indole-7- carboxamide;
3-{1-[(3-{[(2R)-2-hydroxypropyl]amino}propyl)sulfonyl]
-4-piperidinyl}-5-phenyl-1 H-indole- 7-carboxamide;
3-{1 -[(3-{[(1 R)-1
-(hydroxymethyI)-2-methylpropyl]amino}propyl)sulfonylJ
-4-piperidinyl}-5- phenyl-1 H-indole-7-carboxamide;
3-{1 -[(3-{[(1 S)-1
-(hydroxymethyl)propyl]amino}propyl)sulfonyl]-4-piperi
dinyl}-5-phenyl-1 Hindole- 7-carboxamide;
3-(1-{[3-(cyclohexylamino)propyl]sulfonyl}-4-piperidin
yl)-5-phenyl-1 H-indole-7- carboxamide;
3-(1-{[3-(methyIoxy)propyl]sulfonyl}-4-piperidinyl)-5-
phenyl-1 H-indole-7-carboxamide;3-{1
-[(3-hydroxypropyl)sulfonyl]-4-piperidinyl}-5-phenyl-1
H-indole-7-carboxamide;
3-(1-{[2-(ethyloxy)ethyl]sulfonyI}-4-piperidinyl)-5-ph
enyl-1 H-indole-7-carboxamide;
3-(1-{[3-(ethyloxy)propyl]sulfonyl}-4-piperidinyl)-5-p
henyl-1 H-indole-7-carboxamide;
3-[1-({2-[(4-hydroxybutyl)oxy]ethyl}sulfonyl)-4-piperi
dinyl]-5-phenyl-1 H-indole-7- carboxamide;
5-phenyl-3-{1 -[(2-{[2-(1
-pyrrolidinyl)ethyl]oxy}ethyl)sulfonyl]-4-piperidinyl}
-1 H-indole-7- carboxamide;
5-{3-[(methylamino)methyl]phenyl}-3-(1-{[3-(methyloxy)
propyl]sulfonyl}-4-piperidinyl)-1 Hindole-
7-carboxamide; 5-{3-[(ethylamino)methyI]phenyl}-3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-1
Hindole- 



7-carboxamide;
5-(3-{[(1-methylethyl)amino]methyl}phenyl)-3-(1-{[3-(m
ethyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
{3-[(propylamino)methyl]phenyl}-1 Hindole-
7-carboxamide;
5-[3-({[(2S)-2-hydroxypropyl]amino}methyl)phenyl]-3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-(3-{[(cyclopropylmethyl)amino]methyl}phenyl)-3-(1-{[
3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-[3-({[2-(methyloxy)ethyl]amino}methyl)phenyl]-3-(1-{
[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-(3-{[(2,2-dimethylpropyl)amino]methyl}phenyl)-3-(1-{
[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-[3-({[3-(methyloxy)propyl]amino}methyl)phenyl]-3-(1-
{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
5-[3-({[2-(ethyloxy)ethyl]amino}methyl)phenyl]-3-(1-{[
3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-{[(tetrahydro-2-
furanylmethyl)amino]methyl}phenyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
[3-({[(2R)-tetrahydro-2-
furanylmethyl]amino}methyl)phenyl]-1
H-indole-7-carboxamide; 5-[3-({[(1 S)-1
,2-dimethylpropyl]amino}methyl)phenyl]-3-(1
-{[3-(methyloxy)propyl]sulfonyl}- 4-piperidinyl)-1
H-indole-7-carboxamide;
5-[3-({[1-methyl-2-(methyloxy)ethyl]amino}methyl)pheny
l]-3-(1-{[3-
(methyloxy)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide;3-(1
-{[3-(methyloxy)propyl]suifonyl}-4-piperidinyl)-5-[3-(
{[(1 S)-1 ,2,2- trimethylpropyl]amino}methyl)phenyl]-1
H-indole-7-carboxamide;
5-[3-({[(5-methyl-2-furanyl)methyI]amino}methyl)phenyl
]-3-(1-{[3-
(methyloxy)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide;
5-(3-{[(4-hydroxybutyl)amino]methyl}ph
qnyl)-3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-
piperidinyl)-1H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-{[(4- pyridinylmethyl)amino]methyl}phenyl)-1
H-indole~7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-{[(2- pyridinylmethyl)amino]methyl}phenyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-{[methyl(2-propen-1- yl)amino]methyl}phenyl)-1
H-indole-7-carboxamide;
5-(3-{[(3R)-3-hydroxy-1-pyrrolidinyl]methyl}phenyl)-3-
(1-{[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide; 3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-(2-t
hienyl)-1 H-indole-7-carboxamide; 3-(1
-{[3-(ethyloxy)propyl]sulfonyl}-4-piperidinyl)-5-(2-th
ienyl)-1 H-indole-7-carboxamide; or
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-thienyl)-1 H-indole-7-carboxamide; or a
pharmaceutically acceptable salt thereof. Another
embodiment of the present invention is a compound
which is:
3-{1-[(2-aminoethyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1 H-indole-7-carboxamide;
3-(1-{[2-(dimethylamino)ethyl]sulfonyl}-4-piperidinyl)
-5-phenyl-1 H-indole-7-carboxamide;
3-(1-{[3-(dimethylamino)propyI]sulfonyl}-4-piperidinyl
)-5-phenyl-1 H-indole-7-carboxamide;
3-(1-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyI
)-5-phenyl-1 H-indole-7-carboxamide; 5-phenyl-3-(1
-{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-(3-thienyl)-1 H-indole-7- carboxamide;
5-phenyl-3-(1 -{[2-(1
-pyrrolidinyl)ethyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[2-(methyloxy)ethyl]sulfonyl}-4-piperidinyl)-5-p
henyl-1 H-indole-7-carboxamide; 3-[1
-({3-[(2S,5S)-2,5-dimethyl-1
-pyrrolidinyl]propyl}sulfonyl)-4-piperidinyI]-5-phenyl
-1 HindoIe- 7-carboxamide;
3-(1-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyI
)-5-(2-thienyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl
)-5-(3-thienyl)-1 H-indole-7- carboxamide;
3-(1-{[3-(diethylamino)propyl]suIfonyI}-4-piperidinyl)
-5-phenyl-1 H-indole-7-carboxamide;
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
phenyl-1 H-indole-7-carboxamide;
5-(3-{[(2,2-dimethylpropyl)amino]methyl}phenyl)-3-(1-{
[3-(methyloxy)propyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide;or
3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-5-
(3-thi qnyl)-1H-indole-7-carboxamide; or a
pharmaceutically acceptable salt thereof. Another
embodiment of the present invention is a compound
according to formula Ia wherein: where R-| is H,
halogen, or a group -YZ; Y is a bond, C-| -CQ
alkylene, C2 -CQ alkenylene, or C2 -CQ alkynylene; Z
is optionally substituted aryl or optionally
substituted heteroaryl, where said aryl and heteroaryl
are optionally substituted with one to three
substituents independently selected from the group
consisiting of: halo, CN, N(Rb)SO 2 Re, N(Rb)C(O)Ra,
C(O)NRaRb, C(O)NRfRg, SO2 NRaRb, SO2 NRfRg, ORc,
N(Rb)C(O)NRaRb, N(Rb)C(O)NRfRg, N(Rb)C(O)ORd, C-] -C6
alkyl, C-| -C6 alkyl subsituted with one to three
substituents independently selected from the group
consisting of: NRaRb, C3-CQ cycloalkyl, phenyl,
heterocycloalkyl, and heterocycloalkyl substituted
with one or two C-| -CQ alkyl groups; C-|-Cg
haloalkyl, C-|-Cg haloalkyl subsituted with one to
three substituents independently selected from the
group consisting of NRaRb, C3-C6 cycloalkyl, phenyl,
heterocycloalkyl, and heterocycloalkyl substituted
with one or two C - CQ alkyl groups; heterocycloalkyl
and heterocycloalkyl substituted with one or two C-J
-CQ alkyl groups; U is a bond, C- -CQ alkylene or C2
-CQ alkenylene; V is phenyl, 5 or 6 membered
heteroaryl, 5-7 membered heterocycloalkyl, C5-
Cycycloalkyl, or Cs-Cycycloalkenyl, each of which is
substituted by N(Rb)S(O)m R2 ; or VU- / ~L s(O)mR2 U -
is N(Rb)S(O)171R2 , W , or . m is 1 or 2; R2 is the
group X-R3; X is a bond, C-j-Cg alkylene, C -Cg
alkenylene, C2 -Cg alkynylene, aryl, C-] -Cg
alkylenearyl, 



heteroaryl, C-| -CQ alkylene-heteroaryl,
hqterocycloalkyl, C-| -Cg alkylene-heterocycloalkyl,
C4-C7cycloalkyl, C-|-Cg alkylene-C^Cycycloalkyl, C5-
Cycycloalkenyl, or C-|-Cg alkylene-Cs-Cycycloalkenyl;
R3 is NRaRb, optionally substituted heterocycloalkyl,
or optionally substituted heteroaryl; where said
heterocycloalkyl and heteroaryl are optionally
substituted with one to three substituents
independently selected from the group consisting of:
halo, heterocycloalkyl, oxo, CN, C(O)Ra, N(Rb)SO2 Re,
N(Rb)C(O)Ra, NRaRb, C(O)NRaRb, C(O)NRfRg, SO2 NRaRb,
SO2 NRfRg, ORc, C(O)ORc, N(Rb)C(O)NRaRb,
N(Rb)C(O)NRfRg, N(Rb)C(O)ORd, C-|-Cg alkyl, Ci-Cg
alkyl substituted with one to three substituents
independently selected from the group consisting of:
NRaRb, ORc, C(O)NRaRb, C3-Cg cycloalkyl,
heterocycloalkyl, and phenyl; C-| -Cg haloalkyl, C-]
-Cg haloalkyl substituted with one to three
substituents independently selected from the group
consisting of: NRaRb, ORc, C(O)NRaRb, C3-Cg
cycloalkyl, heterocycloalkyl, and phenyl;
heterocycloalkyl, heterocycloalkyl substituted with
one to three substituents independently selected from
the group consisting of: halo, ORc, haloalkyl, CN, and
SO2 Ri; phenyl, and phenyl substituted with one to
three substituents independently selected from the
group consisting of: halo, ORc, haloalkyl, CN, and SO2
Ri; each Ra is independently selected from the group
consisting of: H, C2 -Cg alkenyl, C-| -Cg alkyl, C-
-Cg alkyl substituted with one to three substituents
independently selected from the group consisting of:
halo, CN, C(O)NH2 , N(CH3 )2 , SO2 Ri, C(O)ORb,
N(Rb)C(O)Rb, ORc 1 SRc, C3-C7 cycloalkyl, C-j -Cg
haloalkyl, heterocycloalkyl, phenyl, and heteroaryl;
phenyl, phenyl substituted with one to three
substituents independently selected from thegroup
consisting of: halo, oxo, C-| -Cg alkyl, C-] -CQ
haloalkyl, NH2, heteroaryl, ORc, and NRfRg;
heteroaryl, heteroaryl substituted with one to three
substituents independently selected from the group
consisting of: halo, oxo, C-\ -CQ alkyl, C-| -CQ
haloalkyl, NH2, heteroaryl, ORc, and MRfRg; C3-C7
cycloalkyl, C3-C7 cycloalkyl substituted with one to
three substituents independently selected from the
group consisting of: halo, oxo, C-| -Cg alkyl, C- -Cg
haloalkyl, NH2, heteroaryl, ORc, and NRfRg;
heterocycloalkyl, and heterocycloalkyl substituted
with one to three substituents independently selected
from the group consisting of: halo, oxo, C-] -Cg
alkyl, C-] -Cg haloalkyl, NH2, heteroaryl, ORc and
NRfRg; each Rb is independently selected from the
group consisting of: H, C-1-C3 alkyl, and C3- Cj
cycloalkyl; each Rc is independently selected from the
group consisting of: H, C-j-Cg alkyl, C-] -Cg alkyl
substituted with one to three substituents
independently selected from the group consisting of:
OH, C3-Cg cycloalkyl, phenyl, heterocycloalkyl, and
heteroaryl; C-j-Cg haloalkyl, C-] -Cg haloalkyl
substituted with one to three substituents
independently selected from the group consisting of:
OH, C3-Cg cycloalkyl, phenyl, heterocycloalkyl, and
heteroaryl; C -Cy cycloalkyl, C3-C7 cycloalkyl
substituted with one to three C-1-C3 alkyl groups;
heterocycloalkyl, heterocycloalkyl substituted with
one to three C-1-C3 alkyl groups; aryl, aryl
substituted with one to three substituents
independently selected from the group consisting of:
halo, C1-C3 alkyl, C1-C3 haloalkyl, and OH;
heteroaryl, and heteroaryl substituted with one to
three substituents independently selected from the
group consisting of: halo, C-1-C3 alkyl, C1-C3
haloalkyl, and OH; each Rd is independently an
optionally substituted C-1-C3 alkyl, where said C-|-C3
alkyl is optionally substituted with one to three
substituents selected from the group consisting of: C3
Cg cycloalkyl, optionally substituted phenyl, and
optionally substituted heteroaryl; where said phenyl
and heteroaryl are optionally substituted with one to
three substituents selected from the group consisting
of: halo, C-] -Cg alkyl and C3-Cg cycloalkyl; each Re
is independently selected from the group consisting
of: C-] -Cg alkyl, C-j-Cg alkyl substituted with one
substituent selected from the group consisting of:
phenyl, heteroaryl, heterocycloalkyl, and NRaRb;
phenyl, phenyl substituted with one to three
substituents selected from the group consisting of:
halo, CN, C-] -Cg alkyl, C - -Cg haloalkyl, and ORh;
heteroaryl, heteroaryl substituted with one to three
substituents selected from the groupconsisting of:
halo, CN, C-] -Cg alkyl, C-| -Cg haloalkyl, and, ORh;
C5-C7 cycloalkyl, C5-C7 cycloalkyl substituted with
one to three substituents selected from the group
consisting of: halo, C-] -Cg alkyl, and C -Cg
cycloalkyl; heterocycloalkyl, and heterocycloalkyl
substituted with one to three substituents selected
from the group consisting of: halo, C-| - Cg alkyl,
and C3-Cg cycloalkyl; Rf and Rg taken together with
the nitrogen atom to which they are attached form a
ring having from 5 to 7 member atoms wherein said ring
optionally contains one additional heteroatom as a
member atom, said ring is saturated or unsaturated but
not aromatic, and said ring is optionally substituted
with one or two C-| -C3 alkyl substituents; each Rh is
independently selected from the group consisting of:
H, Ci-Cg alkyl, and C-| - Cg haloalkyl; and each Ri is
independently selected from the group consisting of:
C1-C3 alkyl and OH; or a pharmaceutically-acceptable
salt, solvate, or polymorph thereof. Another
embodiment of the present invention is a compound
according to formula Ia wherein: R-] is a group -YZ; Y
is a bond; Z is heteroaryl, phenyl, or phenyl
substituted with one substituent selected from the
group consisting of: halo, N(Rb)SO2Re, Sq 2NRaRb,
C-|-Cg alkyl, and C-] -Cg alkyl substituted with one
substituent selected from the group consisting of:
NRaRb, heterocycloalkyl, and heterocycloalkyl
substituted with one C-1-C3 alkyl group; U is a bond;
m is 2;R2 is the group X-R3; X is a bond or C- -Cs
alkylene; R3 is NRaRb, optionally substituted
heterocycloalkyl, or optionally substituted
heteroaryl; where said heterocycloalkyl and heteroaryl
are optionally substituted with one to three
substituents independently selected from the group
consisting of: halo, optionally substituted C-i-Cg
alkyl, heteroaryl, oxo, N(Rb)C(O)Ra, ORc, and C(O)ORc;
where said C-| -Cg alkyl is optionally substituted
with one NRaRb group; each Ra is independently
selected from the group consisting of: H, optionally
substituted C-1-C3 alkyl, and phenyl, where said C1-C3
alkyl is optionally substituted with one to three
substituents selected from the group consisting of:
halo and phenyl; each Rb is independently selected
from the group consisting of: H and C-1-C3 alkyl; each
Rc is independently selected from the group consisting
of: H, C-j-Cg alkyl, and aryl; 



and each Re is independently selected from the group
consisting of: C-| -CQ alkyl and phenyl; or a
pharmaceutically-acceptable salt, solvate, or
polymorph thereof. Another embodiment of the present
invention is a compound which is: 3-(1 -{[2-(1
,3-dioxo-1
,3-dihydro-2H-isoindol-2-yl)ethyl]sulfonyl}-4-piperidi
nyl)-5-phenyl-1 Hindole- 7-carboxamide;
3-{1-[(2-aminoethyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1H-indole-7-carboxamide; 3-(1
-{[2-(dimethylamino)ethyl]sulf
onyl}-4-piperidinyl)-5-ph enyl-1
/-/-indole-7-carboxamide; 3-(1
-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl)-5-
p henyl-1 H-indole-7-carboxamide; 3-(1
-{[3-(4-methyl-1
-piperazinyl)propyl]sulfonyl}-4-piperidi
nyl)-5-phenyl-1 /-/-indole-7- carboxamide;
5-phenyl-3-(1 -{[3-(1
-piperidinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide;
3-(1-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl
)-5-phenyl-1 /-/-indole-7-carboxamide; or
5-phenyl-3-(1 -{[3-(1
-pyrrolidinyl)propyl]sulfonyl}-4-piperidi nyl)-1
/-/-indole-7-carboxamide; or a pharmaceutically
acceptable salt thereof.Terms and Definitions "Alkyl"
refers to a saturated hydrocarbon chain having the
specified number of member atoms. For example, C-| -Cg
alkyl refers to an alkyl group having from 1 to 6
member atoms. Alkyl groups may be optionally
substituted with one or more substituents as defined
herein. Alkyl groups may be straight or branched.
Representative branched alkyl groups have one, two, or
three branches. Alkyl includes methyl, ethyl, propyl
(n-propyl and isopropyl), butyl (n-butyl, isobutyl,
and t-butyl), pentyl (n-pentyl, isopentyl, and
neopentyl), and hexyl. "Alkylene" when used alone or
in forming other groups (such as the Ci-Cg
alkyleneheteroaryl, C - -Cg alkylene-heterocycloalkyl,
C-j-Cg alkylene-C^CycycIoalkyl, and C-)-Cg
alkylene-Cs-Cycycloalkenyl groups) refers to a
saturated divalent hydrocarbon chain having the
specified number of member atoms. For example, C-] -Cg
alkylene refers to an alkylene group having from 1 to
6 member atoms. Alkylene groups may be optionally
substituted with one or more substituents as defined
herein. Alkylene groups may be straight or branched.
Representative branched alkylene groups have one, two,
or three branches. Alkylene includes methylene,
ethylene, propylene (n-propylene and isopropylene),
butylene (n-butylene, isobutylene, and t-butylene),
pentylene (n-pentylene, isopentylene, and
neopentylene), and hexylene. "Alkenyl" refers to an
unsaturated hydrocarbon chain having the specified
number of member atoms and having one or more
carbon-carbon double bond within the chain. For
example, C2-Cg alkenyl refers to an alkenyl group
having from 2 to 6 member atoms. In certain
embodiments alkenyl groups have one carbon-carbon
double bond within the chain. In other emodiments,
alkenyl groups have more than one carbon-carbon double
bond within the chain. Alkenyl groups may be
optionally substituted with one or more substituents
as defined herein. Alkenyl groups may be straight or
branched. Representative branched alkenyl groups have
one, two, or three branches. Alkenyl includes
ethylenyl, propenyl, butenyl, pentenyl, and hexenyl.
"Alkenylene" refers to an unsaturated divalent
hydrocarbon chain having the specified number of
member atoms and having one or more carbon-carbon
double bond within the chain. For example, C2-Cg
alkenylene refers to an alkenylene group having from 2
to 6 member atoms. In certain embodiments alkenylene
groups have one carbon-carbon double bond within the
chain. In other emodiments, alkenylene groups have
more than one carbon-carbon double bond within the
chain. Alkenylene groups may be optionallysubstituted
with one or more substituents as defined herein.
Alkenylene groups may be straight or branched.
Representative branched alkenylene groups have one,
two, or three branches. Alkenyl includes ethylenylene,
propenylene, butenylene, pentenylene, and hexenylene.
"Alkynylene" refers to an unsaturated divalent
hydrocarbon chain having the specified number of
member atoms and having one or more carbon-carbon
triple bond within the chain. For example, C -C
alkynylene refers to an alkynylene group having from 2
to 6 member atoms. In certain embodiments alkynylene
groups have one carbon-carbon triple bond within the
chain. In other emodiments, alkynylene groups have
more than one carbon-carbon triple bond within the
chain. For the sake of clarity, unsaturated divalent
hydrocarbon chains having one or more carbon-carbon
triple bond within the chain and one or more
carbon-carbon double bond within the chain are
alkynylene groups. Alkynylene groups may be optionally
substituted with one or more substituents as defined
herein. Alkynylene groups may be straight or branched.
Representative branched alkynylene groups have one,
two, or three branches. Alkynyl includes ethylynylene,
propynylene, butynylene, pentynylene, and hexynylene.
"Aryl" refers to an aromatic hydrocarbon ring. Aryl
groups are monocyclic ring systems or bicyclic ring
systems. Monocyclic aryl ring refers to phenyl.
Bicyclic aryl rings refer to napthyl and rings wherein
phenyl is fused to a cycloalkyl or cycloalkenyl ring
having 5, 6, or 7 member atoms. Aryl groups may be
optionally substituted with one or more substituents
as defined herein. "Cycloalkyl" refers to a saturated
hydrocarbon ring having the specified number of member
atoms. Cycloalkyl groups are monocyclic ring systems.
For example, C3-C5 cycloalkyl refers to a cycloalkyl
group having from 3 to 6 member atoms. Cycloalkyl
groups may be optionally substituted with one or more
substituents as defined herein. Cycloalkyl includes
cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.
"Cycloalkenyl" refers to an unsaturated hydrocarbon
ring having the specified number of member atoms and
having a carbon-carbon double bond within the ring.
For example, C3-C6 cycloalkenyl refers to a
cycloalkenyl group having from 3 to 6 member atoms. In
certain embodiments cycloalkenyl groups have one
carbon-carbon double bond within the ring. In other
emodiments, cycloalkenyl groups have more than one
carbon-carbon double bond within the ring. However,
cycloalkenyl rings are not aromatic.
Cycloalkenylgroups are monocyclic ring systems.
Cycloalkenyl groups may be optionally substituted with
one or more substituents as defined herein.
Cycloalkenyl includes cyclopropenyl, cyclobutenyl,
cyclopentenyl, and cyclohexenyl. "Enantiomerically
enriched" refers to products whose enantiomeric excess
is greater than zero. For example, enantiomerically
enriched refers to products whose enantiomeric excess
is greater than 50% ee, greater than 75% ee, and
greater than 90% ee. "Enantiomeric excess" or "ee" is
the excess of one enantiomer over the other expressed
as a percentage. As a result, since both enantiomers
are present in equal amounts in a racemic mixture, the
enantiomeric excess is zero (0% ee). However, if one 



enantiomer was enriched such that it constitutes 95%
of the product, then the enantiomeric excess would be
90% ee (the amount of the enriched enantiomer, 95%,
minus the amount of the other enantiomer, 5%).
"Enantiomerically pure" refers to products whose
enantiomeric excess is 99% ee or greater. "Half-life"
( or "half-lives") refers to the time required for
half of a quantity of a substance to be converted to
another chemically distinct specie in vitro or in
vivo. "Halo" refers to the halogen radical fluoro,
chloro, bromo, or iodo. "Haloalkyl" refers to an alkyl
group wherein at least one hydrogen atom attached to a
member atom within the alkyl group is replaced with
halo. Haloalkyl includes trifluoromethyl. "Heteroaryl"
refers to an aromatic ring containing from 1 to 4
heteroatoms as member atoms in the ring. Heteroaryl
groups containing more than one heteroatom may contain
different heteroatoms. Heteroaryl groups may be
optionally substituted with one or more substituents
as defined herein. Heteroaryl groups are monocyclic
ring systems or are fused, spiro, or bridged bicyclic
ring systems. Monocyclic heteroaryl rings have 5 or 6
member atoms. Bicyclic heteroaryl rings have from 7 to
11 member atoms. Bicyclic heteroaryl rings include
those rings wherein phenyl and a monocyclic
heterocycloalkyl ring are attached forming a fused,
spiro, or bridged bicyclic ring system, and those
rings wherein a monocyclic heteroaryl ring and a
monocyclic cycloalkyl, cycloalkenyl,heterocycloalkyl,
or heteroaryl ring are attached forming a fused,
spiro, or bridged bicyclic ring system. Heteroaryl
includes pyrrolyl, pyrazolyl, imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, furanyl,
furazanyl, thienyl, triazolyl, pyridinyl, pyrimidinyl,
pyridazinyl, pyrazinyl, triazinyl, tetrazinyl,
indolyl, isoindolyl, indolizinyl, indazolyl, purinyl,
quinolinyl, isoquinolinyl, quinoxalinyl, quinazolinyl,
pteridinyl, cinnolinyl, benzimidazolyl, benopyranyl,
benzoxazolyl, benzofuranyl, isobenzofuranyl,
benzothiazolyl, benzothienyl, furopyridinyl, and
napthyridinyl. "Heteroatom" refers to a nitrogen,
sulphur, or oxygen atom. "Heterocycloalkyl" refers to
a saturated or unsaturated ring containing from 1 to 4
heteroatoms as member atoms in the ring. However,
heterocycloalkyl rings are not aromatic.
Heterocycloalkyl groups containing more than one
heteroatom may contain different heteroatoms.
Heterocycloalkyl groups may be optionally substituted
with one or more substituents as defined herein.
Heterocycloalkyl groups are monocyclic ring systems
having from 4 to 7 member atoms or a heterocycloalkyl
group can be the bicyclic ring system
decahydroisoquinoline. In certain embodiments,
heterocycloalkyl is saturated. In other embodiments,
heterocycloalkyl is unsaturated but not aromatic.
Heterocycloalkyl includes pyrrolidinyl,
tetrahydrofuranyl, dihydrofuranyl, pyranyl,
tetrahydropyranyl, dihydropyranyl, tetrahydrothienyl,
pyrazolidinyl, oxazolidinyl, thiazolidinyl,
piperidinyl, homopiperidinyl, piperazinyl,
morpholinyl, thiamorpholinyl, 1,3- dioxolanyl,
1,3-dioxanyl, 1,4-dioxanyl, 1,3-oxathiolanyl,
1,3-oxathianyl, 1,3-dithianyl, and azetidinyl. "Member
atoms" refers to the atom or atoms that form a chain
or ring. Where more than one member atom is present in
a chain and within a ring, each member atom is
covalently bound to an adjacent member atom in the
chain or ring. Atoms that make up a substituent group
on a chain or ring are not member atoms in the chain
or ring. "Optionally substituted" indicates that a
group, such as alkyl, alkenyl, alkynyl, aryl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, or
heteroaryl, may be unsubstituted or substituted with
one or more substituents as defined herein.
"Substituted" in reference to a group indicates that a
hydrogen atom attached to a member atom within a group
is replaced. It should be understood that the term
"substituted" includes the implicit provision that
such substitution be in accordance with the permitted
valence of the substituted atom and the substituent
and that the substitution results in a stablecompound
(i.e. one that does not spontaneously undergo
transformation such as by rearrangement, cyclization,
or elimination). In certain embodiments, a single atom
may be substituted with more than one substituent as
long as such substitution is in accordance with the
permitted valence of the atom. Suitable substituents
are defined herein for each substituted or optionally
substituted group. "Pharmaceutically acceptable"
refers to those compounds, materials, compositions,
and dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the
tissues of human beings and animals without excessive
toxicity, irritation, or other problem or
complication, commensurate with a reasonable
benefit/risk ratio. As used herein the symbols and
conventions used in these processes, schemes and
examples are consistent with those used in the
contemporary scientific literature, for example, the
Journal of the American Chemical Society or the
Journal of Biological Chemistry. Standard
single-letter or three-letter abbreviations are
generally used to designate amino acid residues, which
are assumed to be in the L-configuration unless
otherwise noted. Unless otherwise noted, all starting
materials were obtained from commercial suppliers and
used without further purification. Specifically, the
following abbreviations may be used in the examples
and throughout the specification: g (grams); mg
(milligrams); L (liters); mL (milliliters); ml_
(microliters); psi (pounds per square inch); M
(molar); mM (millimolar); i. v. (intravenous); Hz
(Hertz); MHz (megahertz); mol (moles); mmol
(millimoles); rt (room temperature); min (minutes); h
(hours); mp (melting point); , TLC (thin layer
chromatography); Tr (retention time); RP (reverse
phase); MeOH (methanol); /-PrOH (isopropanol); TEA
(triethylamine); TFA (trifluoroacetic acid); TFAA
(trifluoroacetic anhydride); THF (tetrahydrofuran);
DMSO (dimethylsulfoxide); AcOEt (ethyl acetate); DME (
1 ,2-dimethoxyethane); DCM (dichloromethane);DCE
(dichloroethane); DMF (L/,L/-dimethylformamide); DMPU
(L/,L/'-dimethylpropyleneur qa); GDI
(1,1-carbonyldiimidazole); IBCF (isobutyl
chloroformate); HOAc (acetic acid); HOSu
(/V-hydroxysuccinimide); HOBT
(1-hydroxybenzotriazole); mCPBA (meta-chloroperbenzoic
acid; 



EDC (1-[3-dimethylamino) propyl]-3-ethylcarbodiimide
hydrochloride); BOC (tert-butyloxycarbonyl); FMOC
(9-fluorenylmethoxycarbonyl); DCC
(dicyclohexylcarbodiimide); CBZ (benzyloxycarbonyl);
Ac (acetyl); atm (atmosphere); TMSE
(2-(trimethylsilyl)ethyl); TMS (trimethylsilyl); TIPS
(triisopropylsilyl); TBS (f-butyldimethylsilyl); DMAP
(4-dimethylaminopyridine); BSA (bovine serum albumin);
ATP (adenosine triphosphate); HRP (horseradish
peroxidase); DMEM (Dulbecco's modified Eagle medium);
HPLC (high pressure liquid chromatography); BOP
(bis(2-oxo-3-oxazolidinyl)phosphinic chloride); TBAF
(tetra-n-butylammonium fluoride);
HBTU(O-Benzotriazole-1
-yl-N,N,N',N'-tetramethyluroniumhexafluoro phosphate);
HEPES (4-(2-hydroxyethyl)-1-piperazine ethane sulfonic
acid); DPPA (diphenylphosphoryl azide); fHNO3 (fuming
HNO3) ; EDTA (ethylenediaminetetraacetic acid); TMEDA
(N.N.N'.N'-tetramethyM ,2-ethanediamine); NBS
(N-bromosuccinimide); HATU (O-(7azabenzobenzotriazol-1
-ylJ-N.N.N'.N'-tetramethyluronium
hexafluorophosphate); DIPEA (diisopropylethylamine);
lmes (1,3-Bis(2,4,6-trimethylphenyl)imidazolium
chloride); dppf ( 1
,1'-bis(diphenylphosphino)ferrocene); CLR (Controlled
Laboratory Reactor); and NIS (N-iodsuccinimide). All
references to ether are to diethyl ether and brine
refers to a saturated aqueous solution of NaCI. The
compounds according to formulae I and Ia may contain
one or more asymmetric center (also referred to as a
chiral center) and may, therefore, exist as
individualenantiomers, diastereomers, or other
stereoisomeric forms, or as mixtures thereof. Chiral
centers, such as chiral carbon atoms, may also be
present in a substituent such as an alkyl group. Where
the stereochemistry of a chiral center present in
formulae I and Ia, or in any chemical structure
illustrated herein, is not specified the structure is
intended to encompass any stereoisomer and all
mixtures thereof. Thus, compounds according to formula
I and Ia containing one or more chiral center may be
used as racemic mixtures, enantiomerically enriched
mixtures, or as enantiomerically pure individual
stereoisomers. Individual stereoisomers of a compound
according to formulae I and Ia which contain one or
more asymmetric center may be resolved by methods
known to those skilled in the art. For example, such
resolution may be carried out (1) by formation of
diastereoisomeric salts, complexes or other
derivatives; (2) by selective reaction with a
stereoisomerspecific reagent, for example by enzamatic
oxidation or reduction; or (3) by gas-liquid or liquid
chromatography in a chiral enviornment, for example,
on a chiral support such as silica with a bound chiral
ligand or in the presence of a chiral solvent. The
skilled artisan will appreciate that where the desired
stereoisomer is converted into another chemical entity
by one of the separation procedures described above, a
further step is required to liberate the desired form.
Alternatively, specific stereoisomers may be
synthesized by asymmetric synthesis using optically
active reagents, substrates, catalysts or solvents, or
by converting one enantiomer to the other by
asymmetric transformation. The compounds according to
formulae I and Ia may also contain double bonds or
other centers of geometric asymmetry. Where the
stereochemistry of a center of geometric asymmetry
present in formulae I and Ia, or in any chemical
structure illustrated herein, is not specified, the
structure is intended to encompass the trans (E)
geometric isomer, the cis (Z) geometric isomer, and
all mixtures thereof. Likewise, all tautomeric forms
are also included in formulae I and Ia whether such
tautomers exist in equilibrium or predominately in one
form. The skilled artisan will appreciate that
pharmaceutically-acceptable salts of the compounds
according to formulae I and Ia may be prepared.
Indeed, in certain embodiments of the invention,
pharmaceutically-acceptable salts of the compounds
according to formulae I and Ia may be preferred over
the respective free base or free acid because such
salts impart greater stability or solubility to the
molecule thereby facilitating formulation into a
dosage form. Accordingly, the invention is further
directed to pharmaceutically-acceptable salts of the
compounds according to formulae I and Ia.As used
herein, the term "pharmaceutically-acceptable salts"
refers to salts that retain the desired biological
activity of the subject compound and exhibit minimal
undesired toxicologies! effects. These
pharmaceutically-acceptable salts may be prepared in
situ during the final isolation and purification of
the compound, or by separately reacting the purified
compound in its free acid or free base form with a
suitable base or acid, respectively. In certain
embodiments, compounds according to formulae I and Ia
may contain an acidic functional group. Suitable
pharmaceutically-acceptable salts include salts of
such acidic functional groups. Representative salts
include pharmaceutically-acceptable metal salts such
as sodium, potassium, lithium, calcium, magnesium,
aluminum, and zinc salts; carbonates and bicarbonates
of a pharmaceutically-acceptable metal cation such as
sodium, potassium, lithium, calcium, magnesium,
aluminum, and zinc; pharmaceuticallyacceptable organic
primary, secondary, and tertiary amines including
aliphatic amines, aromatic amines, aliphatic diamines,
and hydroxy alkylamines such as methylamine,
ethylamine, 2-hydroxyethylamine, diethylamine,
triethylamine, ethylenediamine, ethanolamine,
diethanolamine, and cyclohexylamine. In certain
embodiments, compounds according to formulae I and Ia
may contain a basic functional group and are therefore
capable of forming pharmaceutically-acceptable acid
addition salts by treatment with a suitable acid.
Suitable acids include pharmaceuticallyacceptable
inorganic acids and pharmaceutically-acceptable
organic acids. Representative
pharmaceutically-acceptable acid addition salts
include hydrochloride, hydrobromide, nitrate,
methylnitrate, sulfate, bisulfate, sulfamate,
phosphate. acetate, hydroxyacetate, phenylacetate,
propionate, butyrate, isobutyrate, valerate, maleate,
hydroxymaleate, acrylate, fumarate, malate, tartrate,
citrate, salicylate, paminosalicyclate, glycollate,
lactate, heptanoate, phthalate, oxalate, succinate,
benzoate, o-acetoxybenzoate, chlorobenzoate,
methylbenzoate, dinitrobenzoate, hydroxybenzoate, 



methoxybenzoate, mandelate, tannate, formate,
stearate, ascorbate, palmitate, oleate, pyruvate,
pamoate, malonate, laurate, glutarate, glutamate,
estolate, methanesulfonate (mesylate), ethanesulfonate
(esylate), 2-hydroxyethanesulfonate, benzenesulfonate
(besylate), p-aminobenzenesulfonate,
p-toluenesulfonate (tosylate), and napthalene-2-
sulfonate.As used herein, the term "compounds of the
invention" means both the compounds according to
formulae I and Ia and the pharmaceutically-acceptable
salts thereof. The compounds of the invention may
exist in solid or liquid form. In the solid state, the
compounds of the invention may exist in crystalline or
noncrystalline form, or as a mixture thereof. For
compounds of the invention that are in crystalline
form, the skilled artisan will appreciate that
pharmaceutically-acceptable solvates may be formed
wherein solvent molecules are incorporated into the
crystalline lattice during crystallization. Solvates
may involve nonaqueous solvents such as ethanol,
isopropanol, DMSO, acetic acid, ethanolamine, and
ethyl acetate, or they may involve water as the
solvent that is incorporated into the crystalline
lattice. Solvates wherein water is the solvent that is
incorporated into the crystalline lattice are
typically referred to as "hydrates." Hydrates include
stoichiometric hydrates as well as compositions
containing variable amounts of water. The invention
includes all such solvates. The skilled artisan will
further appreciate that certain compounds of the
invention that exist in crystalline form, including
the various solvates thereof, may exhibit polymorphism
(i.e. the capacity to occur in different crystalline
structures). These different crystalline forms are
typically known as "polymorphs." The invention
includes all such polymorphs. Polymorphs have the same
chemical composition but differ in packing,
geometrical arrangement, and other descriptive
properties of the crystalline solid state. Polymorphs,
therefore, may have different physical properties such
as shape, density, hardness, deformability, stability,
and dissolution properties. Polymorphs typically
exhibit different melting points, IR spectra, and
X-ray powder diffraction patterns, which may be used
for identification. The skilled artisan will
appreciate that different polymorphs may be produced,
for example, by changing or adjusting the reaction
conditions or reagents, used in making the compound.
For example, changes in temperature, pressure, or
solvent may result in polymorphs. In addition, one
polymorph may spontaneously convert to another
polymorph under certain conditions. Compound
Preparation The compounds of this invention may be
made by a variety of methods, including standard
chemistry. Any previously defined variable will
continue to have the previously defined meaning unless
otherwise indicated. Illustrative general synthetic
methods are set out below and then specific compounds
of the invention are prepared in the Examples
section.Compounds of formulae I and Ia can be
prepared, for example, according to Schemes 1, 2, and
3 depicted below: Conditions: a) (BOC)2O, THF; b)
S-BuLi, CICO2Me, TMEDA, Et2O; c) Nbromosuccinimide,
Methylene chloride; d) TFA; e) MnO2, THF; f) LiOH,
MeOH, water; g) ZYB(OR)2, Imes-HCI, Pd(OAc)2,
Dioxane/water; h) HATU, NH3, DMF; i) RCHO (or)
RC(O)R', NaOMe, MeOH; j) Pd(OH)2, H2, HOAc, EtOH; k)
R4CI, TEA, Methylene chloride (or) (R4)2O, DMAP,
Methylene chloride Scheme 1 represents a general
scheme for the preparation of compounds according to
formula I wherein R2 and R3 are H, F, or Cl, U is a
bond or C-|-Ce alkylene or C2-C5 alkenylene and V is
C5-C7 cycloalkyl or C5-C7 cycloalkenyl or
heterocycloalkyl or heterocycloalkenyl. Scheme 1 also
represents a general scheme for the preparation of
compounds according to formula I wherein U is C-| -CQ
alkylene or C2-Cg alkenylene and V is NH, aryl, or
heteroaryl. In Scheme 1, Y and Z are defined above
unless defined otherwise. The indoline 1 depicted as
starting material is commercially available. Reaction
conditions are as described above in the scheme;
however, the skilled artisan will appreciate that
certain modifications in the reaction conditions
and/or reagents used are possible. Treatment of
indoline 1 with di-tertbutyl dicarbonate in a suitable
solvent such as THF or methylene chloride produces the
desired BOC protected product. Further
transformationto the desired bromide 2 can be
accomplished via lithiation using seobutyllithium in
the presence of TMEDA and quenching with methyl
chloroformate followed by bromination with
N-bromosuccinimide. Treatment of bromide 2 with
trifluoroacetic acid followed by oxidation of the
resulting indoline to the indole with manganese
dioxide and subsequent hydrolysis of the methyl ester
to the acid yields the desired carboxylic acid 3.
Installation of the substituent YZ can be accomplished
via a transition metal mediated coupling using an
appropriate catalyst and coupling partner. As an
example of such a transformation, for the case in
Scheme 1 condition "g", a Suzuki cross-coupling
reaction can be completed using a boronic ester or
acid in the presence of Pd(OAc)2, Imes-HCI, and Cs2CO3
in 1,4- dioxane and water. Preparation of the primary
carboxamide 4 can be completed via reaction of the
carboxylic acid with ammonia in the presence of HATU.
Conversion of 4 to 5 incorporating the group U-V is
performed via reaction with the appropriate aldehyde
or ketone precursor to U-V. This transformation can be
completed under either basic or acidic conditions. For
the case where the group U-V is fully saturated, a
subsequent reduction of the intermediate product will
produce the desired product 5. As an example of such a
reduction, for the case in Scheme 1 condition "j", a
hydrogenation reaction in the presence of Pd(OH)2
completes the transformation to 5. In the case where
U-V and/or YZ contains a suitable protecting group,
removal of the protecting group under the appropriate
conditions and further transformation to other
products may be accomplished. Subsequent
transformation of the amine function of the group U-V
to either the sulfonamide or amide of R4 can be
performed with the appropriate sulfonyl or acid
chloride or acid anhydride of R4. It will be
appreciated by the skilled artisan that upon
conversion to either the sulfonamide or amide of R4
the resulting product may require further elaboration
to R4. This can include but is not limited to suitable
protecting and functional group manipulations and
reactions with amines/alcohols R5.Scheme 2 Conditions:
a) Sodium nitrite, HOAc; b) Sodium dithionite; c)
R4CI, TEA, Methylene chloride (or) (R4)2q , DMAP,
Methylene chloride Scheme 2 represents a general
scheme for the preparation of compounds according to
formula I wherein U is a bond and V is NH. In Scheme
2, Y and Z are defined above unless defined otherwise.
The indolecarboxamide 4 depicted as starting material
is obtained as described in Scheme 1. Reaction
conditions are as described above in the scheme;
however, the skilled artisan will appreciate that
certain modifications in the reaction conditions
and/or reagents used are possible. 



The preparation of C3 amino indoles can be
accomplished via nitration and subsequent reduction.
The conversion of 4 to 7 is performed via treatment
with sodium nitrite in the presence of acetic acid.
Reduction of the C3 nitro group to the amino can be
accomplished using sodium dithionite. Subsequent
transformation of the amine function to either the
sulfonamide or amide of R4 can be performed with the
appropriate sulfonyl or acid chloride or acid
anhydride of R4. It will be appreciated by the skilled
artisan that upon conversion to either the sulfonamide
or amide of R4 the resulting product may require
further elaboration to R4. This can include but is not
limited to suitable protecting and functional group
manipulations and reactions with amines/alcohols R5.12
Conditions: a) N-iodosuccinimide, CH2CI2; b) VUB(0R)2,
Pd(PPh3)4, Cs2CO3, 1,4- dioxane, water; c) R4CI, TEA,
Methylene chloride (or) (R4)2q , DMAP, Methylene
chloride Scheme 3 represents a general scheme for the
preparation of compounds according to formula I
wherein U is a bond and V is aryl or heteroaryl. In
Scheme 2, Y and Z are defined above unless defined
otherwise. The indolecarboxamide 4 depicted as
starting material is obtained as described in Scheme
1. Reaction conditions are as described above in the
scheme; however, the skilled artisan will appreciate
that certain modifications in the reaction conditions
and/or reagents used are possible. The preparation of
compounds of structure 12 can be completed by first
converting the starting indolecarboxamide 4 to the C3
halide 10. As an example of a halide and for purposes
of illustration, a C3 iodide is shown in Scheme 3.
Installation of the substituent U-V can be
accomplished via a transition metal mediated coupling
using an appropriate catalyst and coupling partner. As
an example of such a transformation, for the case in
Scheme 3 condition "b", a Suzuki cross-coupling
reaction can be completed using a boronic ester or
acid in the presence of Pd(PPh3)4, and Cs2CO3 in
1,4-dioxane and water. Subsequent transformation of
the amine function to either the sulfonamide or amide
of R4 can be performed with the appropriate sulfonyl
or acid chloride or acid anhydride of R4. It will be
appreciated by the skilled artisan that upon
conversion to either the sulfonamide or amide of R4
the resulting product may require further elaboration
to R4. This can includebut is not limited to suitable
protecting and functional group manipulations and
reactions with amines/alcohols R5. The skilled artisan
will appreciate that if a substituent described herein
is not compatible with the synthetic methods described
herein, the substituent may be protected with a
suitable protecting group that is stable to the
reaction conditions. The protecting group may be
removed at a suitable point in the reaction sequence
to provide a desired intermediate or target compound.
Suitable protecting groups and the methods for
protecting and de-protecting different substituents
using such suitable protecting groups are well known
to those skilled in the art; examples of which may be
found in T. Greene and P. Wuts, Protecting Groups in
Chemical Synthesis (3rd ed.), John Wiley & Sons, NY
(1999). In some instances, a substituent may be
specifically selected to be reactive under the
reaction conditions used. Under these circumstances,
the reaction conditions convert the selected
substituent into another substituent that is either
useful as an intermediate compound or is a desired
substituent in a target compound. Methods of Use The
compounds of the invention are inhibitors of IKK2.
These compounds can be useful in the treatment of
disorders wherein the underlying pathology is (at
least in part) attributable to inappropriate IKK2
(also known as IKKb) activity such as rheumatoid
arthritis, inflammatory bowel disease, asthma, and
COPD (chronic obstructive pulmonary disease).
"Inappropriate IKK2 activity" refers to any IKK2
activity that deviates from the normal IKK2 activity
expected in a particular patient. Inappropriate IKK2
activity may take the form of, for instance, an
abnormal increase in activity, or an aberration in the
timing and or control of IKK2 activity. Such
inappropriate activity may result then, for example,
from overexpression or mutation of the protein kinase
leading to inappropriate or uncontrolled activation.
Accordingly, in another aspect the invention is
directed to methods of treating such disorders. Such
disorders include inflammatory and tissue repair
disorders, particularly rheumatoid arthritis,
inflammatory bowel disease, asthma and COPD (chronic
obstructive pulmonary disease); osteoarthritis,
osteoporosis and fibrotic diseases; dermatosis,
including psoriasis, atopic dermatitis and ultraviolet
radiation (UV)-induced skin damage; autoimmune
diseases including systemic lupus eythematosus,
multiple sclerosis, psoriatic arthritis, alkylosing
spondylitis, tissue and organ rejection, Alzheimer's
disease, stroke, atherosclerosis, restonosis,
diabetes, glomerulonephritis, cancer, including
Hodgkinsdisease, cachexia, inflammation associated
with infection and certain viral infections, including
acquired immune deficiency syndrome (AIDS), adult
respiratory distress syndrome, and Ataxia
Telangiestasia. The methods of treatment of the
invention comprise administering a safe and effective
amount of a compound according to formulae I and Ia or
a pharmaceutically-acceptable salt thereof to a
patient in need thereof. Individual embodiments of the
invention include methods of treating any one of the
above-mentioned disorders by administering a safe and
effective amount of a compound according to formula I
and Ia or a pharmaceuticallyacceptable salt thereof to
a patient in need thereof. As used herein, "treat" in
reference to a disorder means: (1) to ameliorate or
prevent the disorder or one or more of the biological
manifestations of the disorder, (2) to interfere with
(a) one or more points in the biological cascade that
leads to or is responsible for the disorder or (b) one
or more of the biological manifestations of the
disorder, (3) to alleviate one or more of the symptoms
or effects associated with the disorder, or (4) to
slow the progression of the disorder or one or more of
the biological manifestations of the disorder. As
indicated above, "treatment" of a disorder includes
prevention of the disorder. The skilled artisan will
appreciate that "prevention" is not an absolute term.
In medicine, "prevention" is understood to refer to
the prophylactic administration of a drug to
substantially diminish the likelihood or severity of a
disorder or biological manifestation thereof, or to
delay the onset of such disorder or biological
manifestation thereof. As used herein, "safe and
effective amount" in reference to a compound of the
invention or other pharmaceutically-active agent means
an amount of the compound sufficient to treat the
patient's condition but low enough to avoid serious
side effects (at a reasonable benefit/risk ratio)
within the scope of sound medical judgment. A safe and
effective amount of a compound will vary with the
particular compound chosen (e.g. consider the potency,
efficacy, and half-life of the compound); the route of
administration chosen; the disorder being treated; the
severity of the disorder being treated; the age, size,
weight, and physical condition of the patient being
treated; the medical history of the patient to be 



treated; the duration of the treatment; the nature of
concurrent therapy; the desired therapeutic effect;
and like factors, but can nevertheless be routinely
determined by the skilled artisan.As used herein,
"patient" refers to a human or other animal. The
compounds of the invention may be administered by any
suitable route of administration, including both
systemic administration and topical administration.
Systemic administration includes oral administration,
parenteral administration, transdermal administration,
rectal administration, and administration by
inhalation. Parenteral administration refers to routes
of administration other than enteral, transdermal, or
by inhalation, and is typically by injection or
infusion. Parenteral administration includes
intravenous, intramuscular, and subcutaneous injection
or infusion. Inhalation refers to administration into
the patient's lungs whether inhaled through the mouth
or through the nasal passages. Topical administration
includes application to the skin as well as
intraocular, otic, intravaginal, and intranasal
administration. The compounds of the invention may be
administered once or according to a dosing regimen
wherein a number of doses are administered at varying
intervals of time for a given period of time. For
example, doses may be administered one, two, three, or
four times per day. Doses may be administered until
the desired therapeutic effect is achieved or
indefinitely to maintain the desired therapeutic
effect. Suitable dosing regimens for a compound of the
invention depend on the pharmacokinetic properties of
that compound, such as absorption, distribution, and
half-life, which can be determined by the skilled
artisan. In addition, suitable dosing regimens,
including the duration such regimens are administered,
for a compound of the invention depend on the disorder
being treated, the severity of the disorder being
treated, the age and physical condition of the patient
being treated, the medical history of the patient to
be treated, the nature of concurrent therapy, the
desired therapeutic effect, and like factors within
the knowledge and expertise of the skilled artisan. It
will be further understood by such skilled artisans
that suitable dosing regimens may require adjustment
given an individual patient's response to the dosing
regimen or over time as individual patient needs
change. Typical daily dosages may vary depending upon
the particular route of administration chosen. Typical
daily dosages for oral administration range from 0.001
mg to 50mg per kg of total body weight. Additionally,
the compounds of the invention may be administered as
prodrugs. As used herein, a "prodrug" of a compound of
the invention is a functional derivative of
thecompound which, upon administration to a patient,
eventually liberates the compound of the invention in
vivo. Administration of a compound of the invention as
a prodrug may enable the skilled artisan to do one or
more of the following: (a) modify the onset of the
compound in vivo; (b) modify the duration of action of
the compound in vivo; (C) modify the transportation or
distribution of the compound in vivo; (d) modify the
solubility of the compound in vivo; and (e) overcome
or overcome a side effect or other difficulty
encountered with the compound. Typical functional
derivatives used to prepare prodrugs include
modifications of the compound that are chemically or
enzymatically cleaved in vivo. Such modifications,
which include the preparation of phosphates, amides,
esters, thioesters, carbonates, and carbamates, are
well known to those skilled in the art. The invention
also provides a compound of the invention for use in
medical therapy, and particularly in the treatment of
disorders mediated by IKK2 activity. Thus, in a
further aspect, the invention is directed to the use
of a compound according to formulae I and Ia or a
pharmaceutically-acceptabie salt thereof in the
preparation of a medicament for the treatment of a
disorder characterized by inappropriate IKK2 activity.
Particular disorders characterised by inappropriate
IKK2 activity include inflammatory and tissue repair
disorders, particularly rheumatoid arthritis,
inflammatory bowel disease, asthma and COPD (chronic
obstructive pulmonary disease);osteoarthritis,
osteoporosis and fibrotic diseases; dermatosis,
including psoriasis, atopic dermatitis and ultraviolet
radiation (UV)-induced skin damage; autoimmune
diseases including systemic lupus eythematosus,
multiple sclerosis, psoriatic arthritis, alkylosing
spondylitis, tissue and organ rejection, Alzheimer's
disease, stroke, atherosclerosis, restenosis,
diabetes, glomerulonephritis, cancer, including
Hodgkins disease, cachexia, inflammation associated
with infection and certain viral infections, including
acquired immune deficiency syndrome (AIDS), adult
respiratory distress syndrome, and Ataxia
Telangiestasia as a result of inhibition of the
protein kinase IKK2. Compositions The compounds of the
invention will normally, but not necessarily, be
formulated into pharmaceutical compositions prior to
administration to a patient. Accordingly, in another
aspect the invention is directed to pharmaceutical
compositions comprising a compound of the invention
and one or more pharmaceutically-acceptabie
excipient.The pharmaceutical compositions of the
invention may be prepared and packaged in bulk form
wherein a safe and effective amount of a compound of
the invention can be extracted and then given to the
patient such as with powders or syrups. Alternatively,
the pharmaceutical compositions of the invention may
be prepared and packaged in unit dosage form wherein
each physically discrete unit contains a safe and
effective amount of a compound of the invention. When
prepared in unit dosage form, the pharmaceutical
compositions of the invention typically may contain,
for example, from 0.5mg to 1g, or from 1mg to 700mg,
or from 5rng to 10Omg of a compound of the invention.
The pharmaceutical compositions of the invention
typically contain one compound of the invention.
However, in certain embodiments, the pharmaceutical
compositions of the invention contain more than one
compound of the invention. For example, in certain
embodiments the pharmaceutical compositions of the
invention contain two compounds of the invention. In
addition, the pharmaceutical compositions of the
invention may optionally further comprise one or more
additional pharmaceutically active compounds. As used
herein, "pharmaceutically-acceptable excipient" means
a pharmaceutically acceptable material, composition or
vehicle involved in giving form or consistency to the
pharmaceutical composition. Each excipient must be
compatible with the other ingredients of the
pharmaceutical composition when commingled such that
interactions which would substantially reduce the
efficacy of the compound of the invention when
administered to a patient and interactions which would
result in pharmaceutical compositions that are not
pharmaceutically acceptable are avoided. In addition,
each excipient must of course be of sufficiently high
purity to render it pharmaceuticallyacceptable. The
compound of the invention and the
pharmaceutically-acceptable excipient or excipients
will typically be formulated into a dosage form
adapted for administration to the 



patient by the desired route o f administration. For
example, dosage forms include those adapted for (1)
oral administration such as tablets, capsules,
caplets, pills, troches, powders, syrups, elixers,
suspensions, solutions, emulsions, sachets, and
cachets; (2) parenteral administration such as sterile
solutions, suspensions, and powders for
reconstitution; (3) transdermal administration such as
transdermal patches; (4) rectal administration such as
suppositories; (5) inhalation such as aerosols,
solutions, and dry powders; and (6) topical
administration such as creams, ointments, lotions,
solutions, pastes, sprays, foams, and gels.Suitable
pharmaceutically-acceptable excipients will vary
depending upon the particular dosage form chosen. In
addition, suitable pharmaceutically-acceptable
excipients may be chosen for a particular function
that they may serve in the composition. For example,
certain pharmaceutically-acceptable excipients may be
chosen for their ability to facilitate the production
of uniform dosage forms. Certain
pharmaceutically-acceptable excipients may be chosen
for their ability to facilitate the production of
stable dosage forms. Certain
pharmaceutically-acceptable excipients may be chosen
for their ability to facilitate the carrying or
transporting the compound or compounds of the
invention once administered to the patient from one
organ, or portion of the body, to another organ, or
portion of the body. Certain
pharmaceutically-acceptable excipients may be chosen
for their ability to enhance patient compliance.
Suitable pharmaceutically-acceptable excipients
include the following types of excipients: Diluents,
fillers, binders, disintegrants, lubricants, glidants,
granulating agents, coating agents, wetting agents,
solvents, co-solvents, suspending agents, emulsifiers,
sweetners, flavoring agents, flavor masking agents,
coloring agents, anticaking agents, hemectants,
chelating agents, plasticizers, viscosity increasing
agents, antioxidants, preservatives, stabilizers,
surfactants, and buffering agents. The skilled artisan
will appreciate that certain
pharmaceutically-acceptable excipients may serve more
than one function and may serve alternative functions
depending on how much of the excipient is present in
the formulation and what other ingredients are present
in the formulation. Skilled artisans possess the
knowledge and skill in the art to enable them to
select suitable pharmaceutically-acceptable excipients
in appropriate amounts for use in the invention. In
addition, there are a number of resources that are
available to the skilled artisan which describe
pharmaceutically-acceptable excipients and may be
useful in selecting suitable
pharmaceutically-acceptable excipients. Examples
include Remington's Pharmaceutical Sciences (Mack
Publishing Company), The Handbook of Pharmaceutical
Additives (Gower Publishing Limited), and The Handbook
of Pharmaceutical Excipients (the American
Pharmaceutical Association and the Pharmaceutical
Press). The pharmaceutical compositions of the
invention are prepared using techniques and methods
known to those skilled in the art. Some of the methods
commonly used in the art are described in Remington's
Pharmaceutical Sciences (Mack Publishing Company).In
one aspect, the invention is directed to a solid oral
dosage form such as a tablet or capsule comprising a
safe and effective amount of a compound of the
invention and a diluent or filler. Suitable diluents
and fillers include lactose, sucrose, dextrose,
mannitol, sorbitol, starch (e.g. corn starch, potato
starch, and pre-gelatinized starch), cellulose and its
derivatives (e.g. microcrystalline cellulose), calcium
sulfate, and dibasic calcium phosphate. The oral solid
dosage form may further comprise a binder. Suitable
binders include starch (e.g. corn starch, potato
starch, and pre-gelatinized starch), gelatin, acacia,
sodium alginate, alginic acid, tragacanth, guar gum,
povidone, and cellulose and its derivatives (e.g.
microcrystalline cellulose). The oral solid dosage
form may further comprise a disintegrant. Suitable
disintegrants include crospovidone, sodium starch
glycolate, croscarmelose, alginic acid, and sodium
carboxymethyl cellulose. The oral solid dosage form
may further comprise a lubricant. Suitable lubricants
include stearic acid, magnesuim stearate, calcium
stearate, and talc. Where appropriate, dosage unit
formulations for oral administration can be
microencapsulated. The composition can also be
prepared to prolong or sustain the release as for
example by coating or embedding particulate material
in polymers, wax or the like. The compounds of the
invention may also be coupled with soluble polymers as
targetable drug carriers. Such polymers can include
polyvinylpyrrolidone, pyran copolymer,
polyhydroxypropylmethacrylamide -phenol,
polyhydroxyethylaspartam  dephenol, or
polyethyleneoxidepolylysine substituted with palmitoyl
residues. Furthermore, the compounds of the invention
may be coupled to a class of biodegradable polymers
useful in achieving controlled release of a drug, for
example, polylactic acid, polepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates and
cross-linked or amphipathic block copolymers of
hydrogels. In another aspect, the invention is
directed to a liquid oral dosage form. Oral liquids
such as solution, syrups and elixirs can be prepared
in dosage unit form s o that a given quantity contains
a predetermined amount of a compound of the invention.
Syrups can be prepared by dissolving the compound of
the invention in a suitably flavored aqueous solution,
while elixirs are prepared through the use of a
non-toxic alcoholic vehicle. Suspensions can be
formulated by dispersing the compound of the invention
in a nontoxic vehicle. Solubilizers and emulsifiers
such as ethoxylated isostearyl alcohols and polyoxy
ethylene sorbitol ethers, preservatives, flavor
additive such as peppermint oil ornatural sweeteners
or saccharin or other artificial sweeteners, and the
like can also be added. In another aspect, the
invention is directed to a dosage form adapted for
administration to a patient by inhalation. For
example, the compound of the invention may be inhaled
into the lungs as a dry powder, an aerosol, a
suspension, or a solution. Dry powder compositions for
delivery to the lung by inhalation typically comprise
a compound of the invention as a finely divided powder
together with one or more pharmaceutically-acceptable
excipients as finely divided powders.
Pharmaceuticallyacceptable excipients particularly
suited for use in dry powders are known to those
skilled in the art and include lactose, starch,
mannitol, and mono-, di-, and polysaccharides. The dry
powder may be administered to the patient via a
reservoir dry powder inhaler (RDPI) having a reservoir
suitable for storing multiple (un-metered doses) of
medicament in dry powder form. RDPIs typically include
a means for metering each medicament dose from the
reservoir to a delivery position. For example, the
metering means may comprise a metering cup, which is
movable from a first position where the cup may be
filled with medicament from the reservoir to a second
position where the metered medicament dose is made
available to the patient for inhalation.
Alternatively, the dry powder may be presented in
capsules (e.g. gelatin or plastic), 



cartridges, or blister packs for use in a multi-dose
dry powder inhaler (MDPI). MDPIs are inhalers wherein
the medicament is comprised within a multi-dose pack
containing (or otherwise carrying) multiple defined
doses (or parts thereof) of medicament. When the dry
powder is presented as a blister pack, it comprises
multiple blisters for containment of the medicament in
dry powder form. The blisters are typically arranged
in regular fashion for ease of release of the
medicament therefrom. For example, the blisters may be
arranged in a generally circular fashion on a
disc-form blister pack, or the blisters may be
elongate in form, for example comprising a strip or a
tape. Each capsule, cartridge, or blister may, for
example, contain between 20mg-10mg of the compound of
the invention. Aerosols may be formed by suspending or
dissolving a compound of the invention in a liquified
propellant. Suitable propellants include halocarbons,
hydrocarbons, and other liquified gases.
Representative propellants include:
trichlorofluoromethane (propellant 11),
dichlorofluoromethane (propellant 12),
dichlorotetrafluoroethane (propellant
114),tetrafluoroethane (HFA-134a), 1,1-difluoroethane
(HFA-152a), difluoromethane (HFA-32),
pentafluoroethane (HFA-12), heptafluoropropane
(HFA-227a), perfluoropropane, perfluorobutane,
perfluoropentane, butane, isobutane, and pentane.
Aerosols comprising a compound of the invention will
typically be administered to a patient via a metered
dose inhaler (MDI). Such devices are known to those
skilled in the art. The aerosol may contain additional
pharmaceutically-acceptable excipients typically used
with MDIs such as surfactants, lubricants, cosolvents
and other excipients to improve the physical stability
of the formulation, to improve valve performance, to
improve solubility, or to improve taste. Suspensions
and solutions comprising a compound of the invention
may also be administered to a patient via a nebulizer.
The solvent or suspension agent utilized for
nebulization may be any pharmaceutically-acceptable
liquid such as water, aqueous saline, alcohols or
glycols, e.g., ethanol, isopropylalcohol, glycerol,
propylene glycol, polyethylene glycol, etc. or
mixtures thereof. Saline solutions utilize salts which
display little or no pharmacological activity after
administration. Both organic salts, such as alkali
metal or ammonium halogen salts, e.g., sodium
chloride, potassium chloride or organic salts, such as
potassium, sodium and ammonium salts or organic acids,
e.g., ascorbic acid, citric acid, acetic acid,
tartaric acid, etc. may be used for this purpose.
Other pharmaceutically-acceptable excipients may be
added to the suspension or solution. The compound of
the invention may be stabilized by the addition of an
inorganic acid, e.g., hydrochloric acid, nitric acid,
sulphuric acid and/or phosphoric acid; an organic
acid, e.g., ascorbic acid, citric acid, acetic acid,
and tartaric acid, etc., a complexing agent such as
EDTA or citric acid and salts thereof; or an
antioxidant such as antioxidant such as vitamin E or
ascorbic acid. These may be used alone or together to
stabilize the compound of the invention. Preservatives
may be added such as benzalkonium chloride or benzoic
acid and salts thereof. Surfactant may be added
particularly to improve the physical stability of
suspensions. These include lecithin, disodium
dioctylsulphosuccinate, oleic acid and sorbitan
esters. Pharmaceutical compositions adapted for
transdermal administration may be presented as
discrete patches intended to remain in intimate
contact with the epidermis of the patient for a
prolonged period of time. For example, the active
ingredient may bedelivered from the patch by
iontophoresis as generally described in Pharmaceutical
Research, 3(6), 318 (1986). Pharmaceutical
compositions adapted for topical administration may be
formulated as ointments, creams, suspensions, lotions,
powders, solutions, pastes, gels, sprays, aerosols or
oils. For treatments of the eye or other external
tissues, for example mouth and skin, the compositions
may be applied as a topical ointment or cream. When
formulated in an ointment, the compound of the
invention may be employed with either a paraffinic or
a water-miscible ointment base. Alternatively, the
compound of the invention may be formulated in a cream
with an oil-in-water cream base or a water-in-oil
base. Pharmaceutical compositions adapted for nasal
administration wherein the carrier is a solid include
a coarse powder having a particle size for example in
the range 20 to 500 microns which is administered by
rapid inhalation through the nasal passage from a
container of the powder held close up to the nose.
Suitable compositions wherein the carrier is a liquid,
for administration as a nasal spray or as nasal drops,
include aqueous or oil solutions of the compound of
the invention. Pharmaceutical compositions adapted for
parenteral administration include aqueous and
non-aqueous sterile injection solutions which may
contain anti-oxidants, buffers, bacteriostats and
solutes which render the formulation isotonic with the
blood of the intended recipient; and aqueous and
non-aqueous sterile suspensions which may include
suspending agents and thickening agents. The
compositions may be presented in unitdose or
multi-dose containers, for example sealed ampoules and
vials, and may be stored in a freeze-dried
(lyophilized) condition requiring only the addition of
the sterile liquid carrier, for example water for
injections, immediately prior to use. Extemporaneous
injection solutions and suspensions may be prepared
from sterile powders, granules and tablets.EXAMPLES
The following examples illustrate the invention. These
examples are not intended to limit the scope of the
present invention, but rather to provide guidance to
the skilled artisan to prepare and use the compounds,
compositions, and methods of the present invention.
While particular embodiments of the present invention
are described, the skilled artisan will appreciate
that various changes and modifications can be made
without departing from the spirit and scope of the
invention. Unless otherwise noted, all starting
materials were obtained from commercial suppliers and
used without further purification. Unless otherwise
indicated, all temperatures are expressed in 0C
(degrees Centigrade). Unless otherwise indicated, all
reactions are conducted under an inert atmosphere at
room temperature. For reverse phase HPLC purification
(unless otherwise stated), a 50 X 20 mm I. D. Luna C18
5m column using acetonitrile containing 0.1% TFA and
water containing 0.1% TFA and UV detection at 2 15nM
and 254nM was used. Nuclear magnetic resonance spectra
were recorded at 400 MHz using a Bruker AC 400
spectrometer. CDCI3 is deuteriochloroform, DMSO-d is
hexadeuteriodimethylsulfoxide, and CD3OD is
tetradeuteriomethanol. Chemical shifts are reported in
parts per million (d) downfield from the internal
standard tetramethylsilane. Abbreviations for NMR data
are as follows: s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet, dd = doublet of doublets,
dt = doublet of triplets, app = apparent, br = broad.
J indicates the NMR 



coupling constant measured in Hertz. Mass spectra were
taken on a PE Sciex Single Quadrupole LC/MS API-150
using electrospray (ES) ionization techniques.
Elemental analyses were obtained using a Perkin-Elmer
240C elemental analyzer. Analtech Silica Gel GF and E.
Merck Silica Gel 60 F-254 thin layer plates were used
for thin layer chromatography. Both flash and gravity
chromatography were carried out on E. Merck Kieselgel
60 (230-400 mesh) silica gel.Intermediates (1)
1,1-dimethylethyI-2,3-dihydro-1 H-indole-1-carboxylate
lndoline (10 g, 84 mmol) was dissolved in
tetrahydrofuran (100 mL) and di-tertbutylcarbonate (22
g, 0.1 mol) was added. The mixture was left stirring
for 16 hours at room temperature under an inert
nitrogen atmosphere. The tetrahydrofuran was removed
in vacuo and the crude product purified by vacuum
distillation to give the title compound (15.1 g) as a
clear pale pink oil that crystallised upon standing
(temperature: 160-1620C, pressure 1 - 0.1 mm Hg). 1H
NMR (400 MHz, DMSO-D6) d ppm 1.50 (s, 9 H) 3.04 (t,
J=8.7 Hz, 2 H) 3.89 (t, J=8.8 Hz, 2 H) 6.91 (td,
J=7.3, 0.8 Hz, 1 H) 7.13 (t, J=7.5 Hz, 1 H) 7.18 (d,
J=7.3 Hz, 1 H) 7.5- 7.8 (bs, 1 H). Alternative
synthesis: To a stirred solution of indoline (250 g,
2.1 mol) and triethylamine (28.9 mL, 0.21 mol) in
dichloromethane (2.5 L) at 00C was added portionwise
di-tert-butyl dicarbonate (458 g, 2.1 mol). The
mixture was stirred at 00C for 5 h then allowed to
warm to room temperature and left to stir overnight.
The mixture was washed with 1N citric acid ( 1 L),
saturated sodium bicarbonate ( 1 L), and brine (1L).
The organic phase was dried (MgSO4), filtered, and the
solvent was removed under reduced pressure to afford
an oil which crystallised upon standing. The crude
compound was purified by distillation (bp 110C/0.3
mmHg) to afford 392 g (85%) of tert-butyl indoline-1
-carboxylate. (2) 1-(1 ,1-dimethylethyl)
7-methyl-2,3-dihydro-1 H-indole-1 ,7-dicarboxylate
1,1-dimethylethyl 2,3-dihydro-1 H-indole-1
-carboxylate (5 g, 22.8 mmol) and
L/,L/,L/\Wtetramethyl- 1 ,2-ethanediamine (4.6 mL,
30.5 mmol) was dissolved in dry diethyl ether(300 ml.)
and cooled to -78C in an acetone/dry ice bath.
Sec-butyl lithium ( 1.4 M solution in cyclohexane,
17.6 ml_, 24.6 mmol) was added dropwise over 10
minutes and the reaction left stirring for 90 minutes
at this temperature. Methyl chloroformate (8.8 mL,
10.8 g, 0.1 rnol) was added to the mixture and the
reaction was allowed to warm up to room temperature
over 1 hour. Water was added carefully to the mixture
and the organic layer separated and washed 3 times
with more water. The organic layer was dried over
magnesium sulfate, filtered and concentrated in vacuo
to give the title compound (4.91 g) as a gummy yellow
solid. LCMS m/z 278 (M+H). (3)
1-(1,1-dimethylethyl)7-methyl-5-bromo-2,3-dihydro-1H-i
ndole-1,7-dicarboxylate 1-(1 ,1-dimethylethyl)
7-methyl 2,3-dihydro-1 H-indole-1 ,7-dicarboxylate
(3.1 g, 11.2 mmol) and N-bromosuccinimide (2.0 g, 11.2
mmol) were dissolved in dry dichloromethane (100 mL)
and stirred under a nitrogen atmosphere at room
temperature for 16 hours. The reaction was partitioned
with sodium hydroxide solution (2 M), separated and
washed with more sodium hydroxide solution. The
organic layer was dried over magnesium sulfate and
concentrated in vacuo to give the title compound as a
gummy red solid (3.55 g). LCMS m/z 356/358 (M+H).(4)
Methyl 5-bromo-2,3-dihydro-1 H-indole-7-carboxylate
1-(1 ,1-dimethylethyl) 7-methyl 5-bromo-2,3-dihydro-1
H-indole-1 ,7-dicarboxylate (9 g, 25 mmol) was
dissolved in trifluoroacetic acid (6 ml_) and stirred
at room temperature for 16 hours. Dichloromethane and
sodium hydroxide solution (2 M) were added and the
organic layer washed twice with sodium hydroxide
solution until the aqueous layer pH > 7. The organic
layer was then concentrated in vacuo to give the title
compound as a brown solid (6.5 g). LCMS m/z 256/258
(M+H) (5) Methyl 5-bromo-1 H-indole-7-carboxylate
Methyl 5-bromo-2,3-dihydro-1 H-indole-7-carboxylate
(6.5 g, 25 mmol) was dissolved in tetrahydrofuran (100
ml_). Activated manganese dioxide (5mm particle size,
22 g, 0.25 mol) was added and the mixture stirred at
room temperature for 16 hours. A further 22 g of
activated manganese dioxide was added and the reaction
stirred for 96 hours. The reaction was then filtered
through celite and concentrated in vacuo to give the
title compound (5.1 g) as a beige solid. LCMS m/z
252/254 (M+H). (6) -bromo-IH-indole-T-carboxylic
acidMethyl 5-bromo-1 H-indole-7-carboxylate (5 g, 19.7
mmol) was dissolved in methanol (200 mL) and a
solution of lithium hydroxide (0.99 g 4 1 mmol) in
water (10 ml_) was added. The mixture was heated at
reflux for 50 hours. The methanol was removed in vacuo
and the residue diluted with aqueous hydrochloric acid
(2 M). The resulting precipitate was filtered off and
dried in a heated vacuum pistol to give the title
compound as a beige solid (4.7 g). LCMS m/z 238/240
(M+H). (7) S-phenyMH-indole^-carboxylic acid To a
solution of 5-bromo-1 H-indole-7-carboxylic acid (10
g, 4 1.8 mmol) in dioxane (150 mL) and water (50 mL)
was added phenylboronic acid (19.5 g, 159.9 mmol),
cesium carbonate (26.0 g, 79.8 mmol),
1,3-Bis(2,4,6-trirnethylphenyl) imidazolium chloride (
2.8g, 8.2mmol), and palladiumacetate (0.9g, 4.01
mmol). The reaction mixtrue was stirred at ambient
temperature for 15 min, and then was refluxed at 8O0 C
for 15 hr. The organic solvent was removed under
reduced pressure and the water layer was adjusted to
pH=1 - 2 with 6 M hydrochloric acid before ethyl
acetate (350 mL) was added into it. The oraganic layer
was washed with water ( 100 mL x 3) , dried and
concentrated at 450 C to a thick oil (approximately 40
mL solvent left), cooled to -2O 0 C, and filtered. The
solid was washed with cold ethyl acetate (10 mL x 3),
and collected. The filtrate was concentrated to a
thick oil at 450C, then was cooled to -20 0 C , and
off-white solid was obtained. The suspension was
filtered and washed with cold ethyl acetate (5 mL x
3). The filtrate was discard after 3 iterations of the
above procedure. LCMS m/z 238 (M+H). (8) 5-phenyM
H-indole-7-carboxamideTo a solution of 5-phenyl-1
H-indole-7-carboxylic acid ( 1 .25 g, 5.25 mmol) and
O-(7- AzabenzotriazoI-i-ylJ- L/ L/
L/'.L/'-tetramethyluronium hexafluorophosphate (HATU)
(3.25 g, 8.55 mmol) in DMF (15 ml_) was added a
solution of ammonia in methanol (8.5 mL of a 2.0 M
solution) at ambient temperature. After 3 hours, the
solution was diluted with ethyl acetate and extracted
with 4% HCI (1x50 mL), water (1x50 mL), brine (1x50
mL), dried over magnesium sulfate and filtered. The
solvent was removed under reduced pressure 



to give a yellow solid ( 1 .33 g). LCMS m/z 237 (M+H).
Alternative synthesis I: To a solution of 5-phenyl-1
/-/-indole-7-carboxylic acid (10.0 g, 42.D mmol) in a
mixture of CH2CI2 (100 mL) and THF (100 mL) at room
temperture, N-(3-Dimethylaminopropy)-N'-
ethylcarbodiimide hydrochloride (9.66 g, 50.4 mmol),
1-Hydroxybenzotriazole hydrate (6.81 g, 50.4 mmol) and
ammonia (2.M in methanol, 168 mmol, 84- mL) were
added. The reaction mixture was stirred at room
temperature for 24 hours. All solvent were evaporated
and the reaction mixture was partitioned between ethyl
acetate (200 mL) and water (200 mL). The organic layer
was separated and the aqueous layer was extracted with
ethyl acetate (x2). The combined organic phase was
washed with brine, dried over Mg2SO4 and concentration
to give the product which is pure enough for next
reaction (10 g, 100%). LC-MS m/z 237.2 (M+H), 1.94
min. Alternative synthesis II: To a 5 L three necked
flask was charged 5-bromo-1 H-indole-7-carboxamide (60
g, 0.251 mole, 1 eq). This was followed by the
addition of phenyl boronic acid (91 .88 g, 0.753 mole,
3 eq) and potassium phosphate tribasic (106 g, 0.502
mole, 2 eq). Nitrogen purged 1,4-dioxane ( 1 .2 L, 20
vol wrt 12) was then charged to the flask followed by
water ( 1 .2 L, 20 vol wrt 12).
2'-(dimethylamino)-2-biphenylyl-palladium(ll) chloride
dinorbornylphosphine complex (7.03 g, 0.0126 mole,
0.05 eq) was then added and the reaction mixture was
heated to reflux for 3 hrs. The reaction mixtu re was
cooled to room temperature and then was filtered
through celite. The filtrate was then partitioned
betweenethyl acetate and brine. The layers were
separated and the organic was concentrated in vacuo.
The residue was then dissolved in acetonitrile/water
(550 ml_/50 mL, 10 vol wrt 12) with heating. The
solution was then treated with water ( 1 .5 L, 30 vol
wrt 12) with stirring. The solid was formed collected
by filtration and was washed with 3:1
water/acetonitrile followed by hot water it was then
dried in vacuo at 40 0C to yield the desired product
(57.69 g). MS : (M+H) : 237 (9) 5-Phenyl-3-[1
-(phenylmethyl)-1 ,2,3,6-tetrahydro-4-pyridinyl]-1
H-indole-7- carboxamide To the solution of 5-phenyl-1
H-indole-7-carboxamide (3.1 1 g, 12 mmol) in methanol
(100 mL) was added benzyl piperidone (7.4 g, 36 mmol),
followed by 156 mL of NaOMe (0.5 M in MeOH). The
reaction mixture was then heated at 800C overnight.
The solution was cooled to ambient temperature and the
solvent removed under reduced pressure, and the
resulting residue redisolved in a bilayer of ethyl
acetate and 5% sodium hydroxide solution. The organic
phase was washed with brine, dried over potassium
carbonate, and the solvent removed under reduced
pressure. The residue was purified by silica gel
chromatography (CH2CI2 : MeOH : NH4OH = 96:3:1) to
provide the desired product (2.66 g, 51%). LCMS m/z
408 (M+H). Alternative synthesis: To a 5 L three
necked flask was charged 85% wt Phosphoric acid (423
mL, 6.1S moles, 25 eq), benzyl piperidone (142 mL,
0.733 mole, 3 eq) and glacial acetic acid (400 mL).
The resulting mixture was heated to 90 0C. A solution
of 5-phenyl-1 /-/-indoIe-7- carboxamide (57.69 g,
0.244mole, 1 eq) in glacial acetic acid (755 mL) was
then added portionwise. The reaction was then
maintained at 90 0C overnight. The reaction mixturewas
cooled to room temperature. It was then divided into
two equal portions and each was added slowly to
separate stirring mixtures of ice/0.88 ammonia ( 1 L/1
L). A dry ice/acetone bath was also used to control
the exotherm. Ethyl acetate (600 ml_) was then added
to the mixture with stirring. It was then filtered and
the solid was washed well with ethyl acetate. The
filtrate was then separated and the aq was
re-extracted with ethyl acetate. The organics were
then dried over magnesium sulfate and filtered before
the two batches were combined and evaporated under
reduced pressure. The residue was then dissolved in 3%
(3.5M ammonia in methanol) in DCM (30O ml_). The solid
precipitate was then collected by filtration and was
then dried in vacuo to yield the desired product.
(42.25 g) MS : (M+H) : 408. (10) 5-Phenyl-3-(4-pipe i
dinyl)-1 W-indole-7-carboxamide To the solution of
5-Phenyl-3-[1-(phenylmethyl)-1
,2,3,6-tetrahydro-4-pyridinyl]-1 H-indole-
7-carboxamide (2.66 g, 6.5 mmol) in ethanol ( 150 ml_)
and acetic acid (3 ml_) was added Pd(OH)2 (20% by
weight on carbon) (0.8 g,) at ambient temperature. The
solution was stirred under 1 atm of hydrogen for 2
days. The reaction mixture was then filtered through
Celite, neutralized with 5% sodium hydroxide solution,
and extracted with ethyl acetate. The solvent was
removed under reduced pressure to yield the desired
product ( 1 .45 g, 70%). LCMS m/z 320 (M+H) (11)
3-{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-pheny
l-1 H-indole-7-carboxamideTo a solution of
5-phenyl-3-(4-piperidinyl)-1 /-/-indole-7-carboxamide
(404 mg, 1.26 mmol) in CH2CI2 at O0C, triethylamine
(0.7 ml_, 5.04 mmol) and 3-chloropropanesulfonyl
chloride (0.23 ml_, 1.89 mmol) were added. The
reaction mixture was stirred at O0C for 30 min. The
reaction mixture was partitioned between CH2CI2 (100
ml_) and water (50 ml_). The organic layer was
separated and the aqueous layer was extracted with
CH2CI2 (2x100 ml_). The combined organic phase was
washed with brine (50 ml_), dried over magnesium
sulfate and filtered. The solvent was removed under
reduced pressure and purified via filtration through
an SPE Cartridge (Aminopropyl NH2, 500 mg/6 mL) to
give the title compound (370 mg, 64%). LCMS m/z 460.0
(M+H). (12) 5-bromo-1 H-indole-7-carboxamide To a
solution of 5-bromo-1 /-/-indole-7-carboxylic acid
(10.0 g, 42 mmol) in CH2CI2 (100 mL) at room
temperature, EDC (9.66 g, 50.4 mmol), HOBt (6.81 g,
50.4 mmol) and NH3 (2.0 M in MeOH, 84 mL, 168 mmol)
were added. The reaction mixture was stirred at room
temperature for 16 hours. The solvent was evaporated
and the residue partitioned between ethyl acetate (100
mL) and water (100 mL). The water layer was extracted
with ethyl acetate ( 100 mLx2) and the combined
organic phase was dried over MgSO4 and concentrated to
give the crude product (10 g, 98%). This crude product
was used directly in the next step without further
purification. LC/MS: m/z 240.0 (M+H), 1.95 min.(I S I
i-dimethylethyl-^tT^aminocarbonyO-
d-bromo-IW-indoI-S-yll-S^-dihydro-
1(2H)-pyridinecarboxylate To a solution of 5-bromo-1
H-indole-7-carboxamide (10 g, 4 1.84 mmol) in methanol
(5mL), 



1,1-dimethylethyl 4-oxo-1 -piperidinecarboxylate (684
mg, 3.42 mmol) and sodium methoxide (0.5 M in THF,
13.7 ml_, 6.84 mmol) were added. The reaction mixture
was stirred at reflux temperature for 16 hours. All
solvent was evaporated under reduced pressure. The
residue was partitioned between ethyl acetate (100
ml_) and water (100 mL). The combined organic phase
was dried over MgSO4 and concentrated under reduced
pressure, and purified by flash column chromatography
(ethyl acetate/hexane, 1/1) to yield the desired
product (7.4 g, 43 %). LC/MS: m/z 420.0 (M+H), Rt 2.35
min. Alternative synthesis: To a 10 L CLR was charged
Boc-piperidone (270 g, 1.356 moles, 3 eq). This was
followed by 85% wt phosphoric acid (782 mL,
11.42moles, 25eq) and glacial acetic acid (2160 mL, 20
vol wrt 12). The resulting mixture was heated to 90 0C
followed by the addition of 5- bromo-1
H-indole-7-carboxamide (108 g, 0.452 mole, 1 eq) was
then charged to the CLR. The mixture was then
maintained at 90 0C overnight. The reaction mixture
was then cooled to room temperature and drained from
the reactor. 0.88 ammonia (3.5 L) was then charged to
the reactor and it was cooled to 0 0C. The reaction
mixture was then slowly charged back into the reactor.
Ice was added over the course of the addition to
maintain the temperature below 50 0C. The precipitate
was then drained from the reactor and filtered. The
solid residue was then charged back to the reactor and
stirred vigorously with water (7 L). The solid was
then re-filtered then dried at the pump. The crude
product was then triturated in methanol (216ml, 2 vol.
wrt 12). The solid was collected by filtration and was
washed well with methanol. The solid was then dried in
vacuo at 40 0C to yield the 95 g condensation compound
without Boc protection. The compound was used toward
the next step without further purification.To a 10 L
CLR was charged the condensation compound (100 g,
0.3125 moles, 1eq). This was followed by anhydrous DMF
(1000 ml_, 10 vol.). The resulting mixture was then
treated with triethylamine (87 ml_, 0.627 mole, 2eq)
followed by boc-anhydride (81 .84 g, 0.375 mole, 1.2
eq). The resulting mixture was then stirred under a
nitrogen atmosphere for 2 hrs. The mixture was then
drained slowly from the reactor onto water (7.5 L).
The mixture was then transferred to a 20 L separator
and was partitioned between ethyl acetate and 10% LiCI
. The layers were separated and the aqueous was
re-extracted with ethyl acetate. The combined organics
were then washed with 10% LiCI solution, brine then
dried over magnesium sulfate then filtered and
evaportated. The orange residue was then suspended in
water, filtered then dried in vacuo at 40 0C to yield
the desired product. ( 1 13 g). MS : (M+H) : 420.422.
(14) 1,1-dimethylethyl-4-[7-(aminocarbonyl)-5-bromo-1
H-indol-3-yl]-1-piperidine carboxylate To a solution
of 1,1-dimethylethyl
4-[7-(aminocarbonyl)-5-bromo-1H-indol-3-yl]-3,6-
dihydro-1(2H)-pyridinecarboxylate (7.41 g, 17.64 mmol)
in ethanol (600 mL), platinum oxide ( 200 mg, 5%) was
added. The reaction mixture was hydrogenated under an
atmosphere of H2 balloon for 16 hours. The resulting
mixture was filtered through celite and the filtrate
was concentrated. The resulting residue was purified
by flash column chromatography (Ethyl acetate/Hexane,
1:4 to 2:1 v/v) to give the desired product (3.6g,
48%). LC/MS: m/z 422.0 (M+H), Rt 2.25 min. (15)
5-bromo-3-(4-piperidinyl)-1 H-indole-7-carboxamideTo a
solution of 1,1-dimethylethyl
4-[7-(aminocarbonyl)-5-bromo-1 H-indol-3-yl]-1-
piperidinecarboxylate ( 1 .56 g, 3.7 mmol) in methanol
(10 mL), HCI in dioxane (4M, 35.5 mL) was added. The
reaction mixture was stirred at room temperature for 2
hours. The solvent was evaporated under reduced
pressure and the resulting residue was partitioned
between ethyl acetate (50 mL) and 5% of aqueous NaOH
(50 mL). The aqueous layer was washed with ethyl
acetate (2x50 mL) and the combined organic phases were
dried and concentrated under reduced pressure to give
desired product (685 mg, 58%), which was used in the
next step without further purification. LC/MS: m/z
322.0 (M+H), Rt 1.45 min. (16)
1,1-dimethylethyl-4-[7-(aminocarbonyl)-5-(2-thienyl)-1
H-indol-3-yl]-1 - piperidinecarboxylate To a solution
of 1,1-dimethylethyl
4-[7-(aminocarbonyl)-5-bromo-1H-indol-3-yl]-1-
piperidinecarboxylate/ (95 mg, 0.23 mmol) in dioxane (
1 .5 mL) and water (0.5 ml), 2- thienylboronic acid (1
15.2 mg, 0.92 mmol), Pd(PPh3)4 (26.6 mg, 10%) and
potassium carbonate (254 mg, 1.84 mmol) were added.
The reaction mixture was heated in a Smith synthesizer
microwave at 15O0C for 20 min. All solvent was
evaporated under reduced pressure. The residue was
partitioned between ethyl acetate (10 mL) and water
(10 mL). The organic phase was dried over MgSO4 and
concentrated under reduced pressure, and purified by
flash column chromatography (ethyl acetate/hexane,
1/1) to yield the desired product (90 mg, 95 %).LC/MS:
m/z 426.0 (M+H), Rt 2.47 min. (17)
3-(4-piperidinyl)-5-(2-thienyl)-1
H-indole-7-carboxamide To a solution of
1,1-dimethylethyl 4-[7-(aminocarbonyl)-5-(2-thienyl)-1
H-indol-3-yl]-1 - piperidinecarboxylate (90 mg, 0.22
mmol) in MeOH (3 ml_), HCI (4.0M in dioxane, 2.06 ml_)
was added. The reaction mixture was stirred at ambient
temperature for 2 hours, after which time the solvent
was removed under reduced pressure and the resulting
residue was partitioned between ethyl acetate (10 ml_)
and 10% sodium hydroxide (10 ml_). The aqueous layer
was extracted with ethyl acetate (10 ml_x2) and the
combined organic phase was dried over MgSO4 and
concentrated to give a crude product (53 mg, 77%).
This was used directly in the next step without
further purification. LC/MS: m/z 326.0 (M+H), Rt 1.49
min. (18)
1,1-dimethylethyl-4-[7-(aminocarbonyl)-5-(3-thienyI)-1
H-indol-3-yl]-1- piperidinecarboxylate The title
compound was prepared according to the general
procedure for intermediate 16. Thus,1
,1-dimethyIethyl-4-[7-(aminocarbonyl)-5-bromo-1
H-indol-3-yl]-1 - piperidinecarboxylate (500 mg, 1.18
mmol) in dioxane ( 1 .5 mL) and water (0.5 ml_), 3-
thienylboronic acid (606 mg, 4.72 mmol), Pd(PPh3)4
(136 mg, 10%) and potassium carbonate (651 mg, 4.72
mmol) in dioxane (3.0 mL) and water ( 1 .0 mL) were
reacted toform the desired product which was purified
by flash column chromatography (ethyl acetate/hexane,
1/1) to yield the desired product (460 mg, 92 %).
LC/MS: m/z 426.0 (M+H), Rt 2.45 min. (19) 3-(4-pipe i
dinyl)-5-(3-thienyl)-1 H-indole-7-carboxamide The
title compound was prepared according to the general
procedure for intermediate 17. Thus, 1,1-dimethylethyl
4-[7-(aminocarbonyl)-5-(3-thienyl)-1 H-indol-3-yl]-1 -



piperidinecarboxylate (460 mg, 1 .08 mmol) and HCI
(4.0M in dioxane, 10 ml_) in MeOH (5 mL) was reacted
to form the desired product without further
purification (260 mg, 74%). LC/MS: m/z 326.0 (M+H), Rt
1.60 min. (20)
3-(1-{[2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)ethyl
]sulfonyl}-4-piperidinyl)-5-
phenyMW-indole-7-carboxanr i ide To a solution of
5-phenyl-3-(4-piperidinyl)-1 H-indole-7-carboxamide
(84.8 mg, 0.265 mmol) in CH2CI2 at O0C, triethylamine
(0.15 mL, 1.06 mmol) and 2-(1 ,3-dioxo-1 ,3-dihydro-
2H-isoindol-2-yl)ethanesulfonyl chloride (87.03 mg,
0.32 mmol) were added. The reaction mixture was
stirred at O0C for 30 min. The reaction mixture was
partitioned between CH2CI2 and water. The organic
layer was separated and the aqueous layer was
extracted with CH2CI2 (2x). The combined organic phase
was washed with brine, dried over magnesium sulfate
and filtered. The solvent was removed under reduced
pressure to give the crude product (90 mg, 61%).LC/MS
m/z 557.2 (M+H). (21)
S-fi-^-chloroethyOsulfonylJ-^piperidiny^-S-phenyl-IH-i
ndole-T-carboxamide To a solution of
5-phenyl-3-(4-piperidinyl)-1 H-indole-7-carboxamide
(65 mg, 0.2 mmol) in CH2CI2 (5 ml_) at O0C,
triethylamine (0.1 1 mL, 0.8 mpnol) and
2-chloroethanesulfonyl chloride (0.042 mL, 0.4 mmol)
were added. After stirring at O0C for 30 min. the
reaction mixture was partitioned between CH2CI2 and
water. The organic layer was separated and the aqueous
layer was extracted with CH2CI2 (2x). The combined
organic phase was dried over magnesium sulfate and the
solvent removed under reduced pressure. The resulting
residue was purified by filtration through an SPE
Cartridge (Aminopropyl NH2, 500mg/6mL) to give the
desired product (26 mg, 32%). LC/MS m/z 445.0 (M+H).
(22)
3-{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-(3-th
ienyl)-1 H-indole-7- carboxamide The title compound
was prepared according to the general procedure for
intermediate 11 . 3-(4-piperidinyl)-5-(3-thienyl)-1
H-indole-7-carboxamide (220 mg, 0.67 mmol) was reacted
with triethyl amine (0.4 mL, 2.68 mmol) and
3-chloropropylsulfonyl chloride (0.12 mL, 1.01 mmol)
to give the title compound ( 117 mg, 37%) LC/MS: m/z
466.0 (M+H), Rt 2.18 min. (23)
3-{1-[(3-chloropropyl)sulfonyl]-4-piperidinyI}-5-(2i-t
hienyl)-1W-indole-7- carboxamideThe title compound was
prepared according to the general procedure for
intermediate 11.
3-(4-piperidinyl)-5-(3-thienyl)-1H-indole-7-carboxamid
e (275 mg, 0.84 mrnol) was reacted with triethyl amine
(0.35 mL, 2.52 mmol) and 3-chloropropylsulfonyl
chloride (0.4 ml_, 1.68 mmol) to give the title
compound (250 mg, 64%) LC/MS: m/z 466.2 (M+H), Rt 2.22
min. (24)
5-bromo-3-{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}
-1H-indole-7-carboxamide The title compound was
prepared according to the general procedure for
intermediate 11. 5-bromo-3-(4-piperidinyl)-1
H-indole-7-carboxamide (875 mg, 2.72 mmol) was reacted
with triethyl amine (2.27 mL, 16.32 mmol) and
3-chloropropylsulfonyl chloride (0.64 mL, 5.44 mmol)
to give the title compound (656mg, 52%) LC/MS: m/z
462.0 (M+H), Rt 2.15 min. (25)
5-bromo-3-(1-{[3-(1-pyrrolidinyl)propyl]sulfonyl}-4-pi
peridinyl)-1 A#-indole-7- carboxamideFollowing the
general procedure for aminosulfonamide formation
outlined in example 2,
5-bromo-3-{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}
-1 H-indole-carboxamide (656 mg, 1.41 mmol) and
pyrrolidine (505 mg, 7.05 mmol) were allowed to react
in the presence of K2CO3 (389.16 mg, 2.82 mmol). The
resulting residue was purified by reverse phase HPLC
eluting with 10% B to 80% B, where A = H2O (0.1%
trifluoroacetic acid) and B = CH3CN (0.1%
trifluoroacetic acid) to give the title compound (600
mg, 87%). LC/MS: m/z 497.4 (M+H), Rt 1.57 min. (26)
3-[1-(ethenylsulfonyl)-4-piperidinyl]-5-phenyl-1H-indo
Ie-7-carboxamide To a solution of
5-phenyl-3-(4-piperidinyl)-1 H-indole-7-carboxamide
(260 mg, 0.8 mmol) in CH2CI2 at O0C, triethylamine
(0.44 ml_, 3.2 mmol) and 2-chloroethylsulfonyl
chloride (0.168 m!_, 1.6 mmol) were added. The
reaction mixture was stirred at O0C for 30 min. The
reaction mixture was partitioned between CH2CI2 (100
ml_) and water (50 ml_). The organic layer was
separated and the aqueous layer was extracted with
CH2CI2 (2x100 ml_). The combined organic phase was
washed with brine (50 mL), dried over magnesium
sulfate and filtered. The solvent was removed under
reduced pressure and purified via filtration through
an SPE Cartridge (Aminopropyl NH2, 500 mg/6 mL) to
give the title compound (245 mg, 75%). LCMS m/z 4 10
(MH-H). ( -
d-formyl^-thienylJ-S-CI-IIS-CI-pyrrolidinyOpropylJsulf
onyl^-piperidinyO-IHindoIe- 7-carboxamideTo a solution
of
5-[5-(hydroxymethyl)-2-thienyl]-3-(1-{[3-(1-pyrrolidin
yl)propyl] sulfonyl}-4-
piperidinyl)-1H-indole-7-carboxamide (14.4 mg, 0.027
mmol) in THF (5 ml_) was added MnO2(71 .7 mg, 0.81
mmol). The reaction mixture was stirred at room
temperature overnight and filtered through a pad of
celite after that. The filtrate was collected and
concentrated at reduced pressure to give the crude
product (8.3 mg, 58%), which was used in the next step
without further purification. LC/MS: m/z 529.4 (M+H),
Rt 1.67 min. (28)
5-bromo-3-(1-{[3-(4-morpholinyl)propyI]sulfonyl}-4-pip
eridinyl)-1Afindole-7- carboxamide Following the
general procedure for aminosulfonamide formation
outlined in example 2,
5-bromo-3-{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}
-1 H-indole-carboxamide ( 1 .81 mmol) and morpholine
(0.8 ml_, 9.05 mmol) were allowed to react in the
presence of K2CO3 (500 mg, 3.62 mmol). The resulting
residue was purified by reverse phase HPLC eluting
with 10% B to 80% B, where A = H2O (0.1%
trifluoroacetic acid) and B = CH3CN (0.1%
trifluoroacetic acid) to give the title compound (426
mg, 5 1%). LC/MS: m/z 462.2 (M+H), Rt 2.14 min ( -
-ChydroxymethylJ-a-thienylJ-S-CI-ftS-C
morpholinyOpropyllsulfonylHpiperidinyl)-
1H-indole-7-carboxamideThe title compound was prepared
according to the general procedure for intermediate
16. Thus, 5-bromo-3-(1
-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7- carboxamide (400 mg, 0.78 mmol) in dioxane
(3 ml_) and water (1mL), [5-
(hydroxymethyl)-2-thienyl]boronic acid (493 mg, 3.12
mmol), Pd(PPh 3)4 (90 mg, 10%) and potassium carbonate
(861 mg, 6.24 mmol) were reacted to form the desired
product which was purified by flash column
chromatography (ethyl acetate/hexane, 1/1) to yield
the desired product (83mg, 20 %). LC/MS: m/z 547.4
(M+H), Rt 1.38 min. 



(30) 5-(5-formyl-2-thienyl)-3-(1
-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl)-1
Hindole- 7-carboxamide To a solution of
5-[5-(hydroxymethyl)-2-thienyl]-3-(1
-{[3-(4-morpholinyl) propyl]sulfonyl}-4-
piperidinyl)-1H-indole-7-carboxamide (82.5mg, 0.015
mmol) in THF (10 ml_) was added MnO2 (391 mg, 4.5
mmol). The reaction mixture was stirred at room
temperature overnight and filtered through a pad of
celite after that. The filtrate was collected and
concentrated at reduced pressure to give the crude
product (60 mg, 73%), which was used in the next step
without further purification. - LC/MS: m/z 545.0
(M+H), Rt 1.62 min. (31) 1,1-dimethylethyl
4-[7-(aminocarbonyl)-5-(4-fluorophenyl)-1
W-indol-3-yl]-1- piperidinecarboxylateThe title
compound was prepared according to the general
procedure for intermediate 16. Thus,
1,1-dimethylethyl-4-[7-(aminocarbonyl)-5-bromo-1
H-indol-3-yl]-1 -piperidine carboxylate (100 mg, 0.24
mmol) in dioxane (3 ml_) and water (1mL), (4-
fluorophenyl)boronic acid (134 mg, 0.98 mmol),
Pd(PPh3)4 (28 mg, 10%) and potassium carbonate (265
mg, 1.92 mmol) were reacted to form the desired
product which was purified by flash column
chromatography (ethyl acetate/hexane, 1/1) to yield
the desired product (92.8 mg, 90 %). LC/MS: m/z 339.4
(M+H), Rt 2.92 min. (32)
5-(4-fluorophenyl)-3-(4-piperidinyI)-1H-indole-7-carbo
xamide To a solution of 1,1-dimethylethyl
4-[7-(aminocarbonyl)-5-(4-fluorophenyl)-1H-indol-3-yl]
- 1-piperidinecarboxylate (92.9 g, 0.205 mmol) in
methanol (10 ml_), HCI in dioxane (4M, 2.01 ml_) was
added. The reaction mixture was stirred at room
temperature for 2 hours. The solvent was evaporated
under reduced pressure and the resulting residue was
partitioned between ethyl acetate (50 mL) and 5% of
aqueous NaOH (50 ml_). The aqueous layer was washed
with ethyl acetate (2x50 mL) and the combined organic
phases were dried and concentrated under reduced
pressure to give desired product (55.9 mg, 78%), which
was used in the next step without further
purification. LC/MS: m/z 338.6 (M+H), Rt 1.53 min.
(33)
5-foromo-3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-pi
peridlinyl)-1/findole-7- carboxamideFollowing the
general procedure for aminosulfonamide formation
outlined in example 2, 5-bromo-3-{1
-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-1
H-indole-carboxamide (434 mg, 0.93 mmol) and 2 M in
THF dimethyl amine (7 mL, 14 mmol) were allowed to
react in the presence of K2CO3 (650 mg, 4.7 mmol) and
NaI (10 mg). The reaction mixture was concentrated
under reduece pressure. The resulting residue was
purified by reverse phase HPLC eluting with 10% B to
80% B, where A = H2O (0.1% trifluoroacetic acid) and B
= CH3CN (0.1% trifluoroacetic acid) to give the title
compound (220 mg, 50%). LC/MS: m/z 471 .4 (M+H), Rt
1.39 min. (S
S-CS-formylphenylJ-S^I^ES-CI-pyrrolidinyOpropyllsulfon
yll- piperidinyO-IHindole- 7-carboxamide To a solution
of
5-[3-(hydroxymethyl)phenyl]-3-(1-{[3-(1-pyrrolidinyl)p
ropyl]sulfonyl}-4- piperidinyl)-1
H-indole-7-carboxamide (250 mg, 0.477 mmol) in THF (60
mL) was added MnO2 ( 1 .3 g, 14.30 mmol). The reaction
mixture was stirred at room temperature overnight and
filtered through a pad of celite after that. The
filtrate was collected and concentrated at reduced
pressure to give the crude product (150 mg, 60%),
which was used in the next step without further
purification. LC/MS: m/z 525.6 (M+H), Rt 1.50 min.(35)
S-CI-dS-CdimethylaminoJpropyllsulfonyl^-piperidinylJ-S
^S-formylphenyO-IWindole- 7-carboxamide To a solution
of
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-[3- (hydroxymethyl)phenyl]-1
H-indole-7-carboxamide (230 mg, 0.47 mmol) in THF (60
ml_) was added MnO2 ( 1 .3 g, 14.05 mmol). The
reaction mixture was stirred at room temperature
overnight and filtered through a pad of celite after
that. The filtrate was collected and concentrated at
reduced pressure to give the crude product (150 mg,
65%), which was used in the next step without further
purification. LC/MS: m/z 499.6 (M+H), Rt 1.55 min.
(36)
S-bromo-S-CI-dS-^yclopentylaminoJpropyllsulfonyll^-pip
eridinylJ-IH-indole-ycarboxamide Following the general
procedure for aminosulfonamide formation outlined in
example 2, 5-bromo-3-{1
-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-1
H-indole-carboxamide (2.00 g, 4.320 mmol) and
cyclolpentyl amine (2.73 ml_, 2 1.6 mmol) were allowed
to react in the presence of K2CO3 (2.4 g, 17.3 mmol)
and NaI (80 mg, 0.433 mmol). The reaction mixture was
concentrated under reduece pressure. The resulting
residue was purified by reverse phase HPLC eluting
with 10% B to 80% B, where A = H2O (0.1%
trifluoroacetic acid) and B = CH3CN (0.1%
trifluoroacetic acid) to give the title compound (176
mg, 8%). LC/MS: m/z 513.2 (M+H), Rt 1.54 min.(37)
5-bromo-3-(1 -{[3-(methyloxy)propyl]sulf
onyl}-4-piperidinyl)-1 H-indole-7- carboxamide The
mixture of 5-bromo-3-{1
-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-1
H-indole-7- carboxamide (23 rng, 0.050 mmol), 0.1 M
NaOMe ( 1 ml) in methanol ( 1 ml_) was refluxed
overnight. The reaction mixture was concentrated and
purified by reverse phase HPLC (water/ CH3CN, 0. % TFA
10-90%) to give the title compound ( 18.0 mg, 78%).
LC/MS: 458.2 r.t: 2.13 min. (38)
5-(3-formylphenyl)-3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-1Hindo
le- 7-carboxamide To a solution of
5-bromo-3-(1-{[3-(methyloxy)propyl]sulfonyl}-4-piperid
inyl)-1H-indole-7- carboxamide (42O mg, 0.9 mmol) in
dioxane (6.0 mL) and water (2.0 ml), (3-
formylphenyl)boronic acid (750.0 mg, 5.0 mmol),
Pd(PPh3)4 (100.0 mg, 10%) and cessium carbonate (800
mg, 1.8 mmol) were added. The reaction mixture was
heated in a Smith synthesizer microwave at 1600C for
20 min. All solvent was evaporated under reduced
pressure. The residue was purified by flash column
chromatography (ethyl acetate/hexane, 1/1 ) to yield
the desired product (300.0 mg, 70%). LC/MS: m/z 484.2
(M+H), Rt 2.06 min. (
S-bromo-S-ti-CethenylsulfonyO-^piperidinyll-IH-indole^
-carboxamideTo a solution of
5-bromo-3-(4-piperidinyl)-1 H-indole-7-carboxamide
(500 mg, 1.3 mmol) in methylene chloride at room
temperature, triethylamine (0.44 mL, 3.2 mmol) and 2-
chloroethylsulfonyl chloride (0.168 mL, 1 .6 mmol)
were added. The reaction mixture was stirred for 30
min. Removed the solvent, the residue was purified by
combiflash to give the title compound (150 mg, 75%).
LCMS m/z 413.8 (M+H), 1.96 min. (40)
5-bromo-3-(1-{[2-(methyloxy)ethyl]sulfonyl}-4-piperidi
nyl)-1 H-indole-7- carboxamide 



The mixture of 5-bromo-3-[1
-(ethenylsulfonyl)-4-piperidinyl]-1
H-indole-7-carboxamide (150 mg, 0.36 mmol), sodium
methoxide in methanol (25%, 1.0 mL) and methanol (2.0
mL) was stirred at 800C for 1 hr. After which time the
reaction mixture was concentrated under reduced
pressure. The residue was purified by combiflash to
give the title compound (100.0 mg, 63%). LC/MS: 444.4
r.t: 1.90 min. (41)
5-(3-formylphenyl)-3-(1-{[2-(methyloxy)ethyl]sulfonyl}
-4-piperidinyl)-1H-indole- 7-carboxamideTo a solution
of
5-bromo-3-(1-{[2~(methyloxy)ethyl]sulfonyl}-4-piperidi
nyl)-1 H-indole-7- carboxamide (100 mg, 0.22 mmol) in
dioxane (3.O ml_) and water ( 1 .0 ml), (3-
formylphenyl)boronic acid (186mg, 1.25 mmol), Pd(PPh
3)4 (25.0 mg, 10%) and cessium carbonate (200 mg, 0.45
mmol) were added. The reaction mixture was heated in a
Smith synthesizer microwave at 16O0C for 20 min. All
solvent was evaporated under reduced pressure. The
residue was purified by flash column chromatography
(ethyl acetate/hexane, 1/1) to yield the desired
product (50.0 mg, 48%). LC/MS: m/z 470.4 (M+H), Rt
1.95 min. (42)
4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2-thio
phenecarbaldehyde To 4-bromo-2-thiophenecarbaldehyde
(500 mg, 2.61 mmol) in DME (18 mL),
bis(pinacolato)diboron (865 mg, 3.403 mmol), potassium
acetate (667 mg, 6.81 mmol) and PdCI2(dppf) (96 mg,
0.131 mmol) were added. The reaction mixture was
heated by microwave at 1500C for 20 minutes. Then all
the solvent was evaporated. The residue was
partitioned between ethyl acetate (100 mL) and water
(100 mL). The water layer was extracted with ethyl
acetate (2x1 00 mL). The combined organic phase was
washed with brine (100 mL) and dried with Mg2SO4 and
concentrated. The crude product was purified by
Combiflash (Hexane/ethyl acetate, 1% -30 % ethyl
acetate, 20 min.) to give title compound (550 mg, 88
%). LC/MS: m/z, 238.2 (M+H), 1.88 min.(43)
5-(5-formyl-3-thienyl)-3-(1-{[3-(methyloxy)propyl]sulf
onyI}-4-piperidinyl)-1Hindole- 7-carboxamide To
5-bromo-3-(1
-{[3-(methyloxy)propyl]sulfonyl}-4-piperidinyl)-1
H-indole-7-carboxamide (170 mg, 0.37 mmol) in mixture
of dioxane (4.5 mL) and water ( 1 .5 mL), 4-(4,4,5,5-
tetramethyl-1
,3,2-dioxaborolan-2-yl)-2-thiophenecarbaldehyde (265.2
mg , 1.1 1 mmol), potassium carbonate (309 mg, 2.22
mmol) and Pd(PPh3)4 (44.2 mg, 0.04 mmol) were added.
The reaction mixture was heated by microwave at 15O0C
for 20 minutes. Then all the solvent was evaporated.
The residue was partitioned between ethyl acetate (50
mL) and water (50 mL). The water layer was extracted
with ethyl acetate (2x5O mL). The combined organic
phase was washed with brine (50 mL) and dried with
IVIg2SO4 and concentrated. The crude product was
purified by Combiflash ( dichloromethane/methanol, 1%
-40 % methanol, 25 min.) to give title compound ( 1 10
mg, 6 1 %). LC/MS: m/z, 490.2 (M+H), 2.00 min.
Examples (1)
3-{1-[(2-aminoethyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1H-indole-7-carboxamide To a solution of 3-(1 -{[2-(1
,3-dioxo-1 ,3-dihydro-2H-isoindol-2-yl)ethyl]
sulfonyl}-4- piperidinyl)-5-phenyl-1
/-/-indole-7-carboxamide (70 mg, 0.13 mmol) in EtOH (2
mL) at room temperature, hydrazine (0.3 mL) was added.
The reaction mixture was stirred at room temperature
for 2 hours. The solvent was removed under reduced
pressure and theresulting residue purified by reverse
phase HPLC eluting with 10% B to 80% B, where A = H2O
(0.1% trifluoroacetic acid) and B = CH3CN (0.1%
trifluoroacetic acid) to give the title compound (26.9
mg, 50%). LC/MS m/z 427.0 (M+H). (2)
3-(1-{[2-(dimethylamino)ethyl]sulfonyl}-4-piperidinyl)
-5-phenyl-1 H-indole-7- carboxamide To a solution of
3-{1-[(2-chloroethyl)sulfonyl]-4-piperidinyl}-5-phenyl
-1 H-indole-7- carboxamide (26 mg, 0.063 mmol) in
CH3CN (5 ml_), dimethylamine (0.16 ml_, 0.315 mmol),
K2CO3 (35 mg, 0.252 mmol) and NaI (cat. 0.5 mg) were
added. The reaction mixture was stirred at 8O0C for 16
hours. The solvent was removed under reduced pressure.
The residue was partitioned between ethyl acetate and
water. The organic phase was dried over magnesium
sulfate, filtered and the solvent removed under
reduced pressure. The resulting residue was purified
by reverse phase HPLC (CH3CN/water, 0.1 % TFA) to give
title compound (14 mg, 48%). LC/MS m/z 455.2 (M+H).
(3)
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-phenyl-1W-indole-7- carboxamide Following the
general procedure for aminosulfonamide formation
outlined in example 2, 3-
{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1 H-indole-7-carboxamide (47 mg, 0.1mmol) and
dimethylamine (2.0M in THF, 0.5 mL, 0.5 mmol), were
allowed to react in the presence of K2CO3 (55.2 mg,
0.4 mmol) and NaI (Cat. 1.51 mg). The resulting
residue was purified by reverse phase HPLC eluting
with 10% B to 80% B, where A = H2O (0.1%
trifluoroacetic acid) and B = CH3CN (0.1%
trifluoroacetic acid) to give the title compound (8.7
mg, 19%). LC/MS m/z 469.0 (M+H). (4)
3-(1-{[3-(4-nnethyl-1-piperazinyl)propyl]sulfonyl}-4-p
iperidinyl)-5-phenyl-1iL indole-7-carboxamide
Following the general procedure for aminosulfonamide
formation outlined in example 2, 3-{1
-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-phenyl-1
H-indole-7-carboxamide (65 mg, 0.14 mmol) and
1-methylpiperazine (70.5 mg, 0.7 mmol) were allowed to
react in the presence of K2CO3 (77.3 mg, 0.56 mmol)
and NaI (Cat. 2.13 mg). The resulting residue was
purified by reverse phase HPLC eluting with 10% B to
80% B, where A = H2O (0.1% trifluoroacetic acid) and B
= CH3CN (0.1% trifluoroacetic acid) to give the title
compound (52.7 mg, 71%). LC/MS m/z 524.2 (M+H).(5)
5-phenyl-3-(1-{[3-(1-piperidinyl)propyl]sulfonyl}-4-pi
peridinyl)-1ff-indole-7- carboxamide Following the
general procedure for aminosulfonamide formation
outlined in example 2, 3-
{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1 H-indole-7-carboxamide (62 mg, 0.13 mmol) and
piperidine (55.25 mg, 0.65 mmol) were allowed to react
in the presence of K2CO3 (72 mg, 0.56 mmol) and NaI
(Cat. 2.0 mg). The resulting residue purified by
reverse phase HPLC eluting with 10% B to 80% B, where
A = H2O (0.1% trifluoroacetic acid) and B = CH3CN
(0.1% trifluoroacetic acid) to give the title compound
(31 .5 mg, 46%). LC/MS m/z 509.2 (M+H). (6)
3-(1-{[3-(4-morpholinyl)propyl]sulfonyl}-4-piperidinyl
)-5-phenyl-1W-indole-7- 



carboxamide Following the general procedure for
aminosulfonamide formation outlined in example 2, 3-
{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-phenyl-
1 H-indole-7-carboxamide (60 mg, 0.13 mmol) and
morpholine (56.63 mg, 0.65 mmol) were allowed to react
in the presence of K2CO3 (77 mg, 0.56 mmol) and NaI
(Cat. 2.13 mg). The resulting residue was purified by
reverse phase HPLC eluting with 10% B to 80% B, where
A = H2O (0.1% trifluoroacetic acid) and B = CH3CN
(0.1% trifluoroacetic acid) to give the title compound
(20 mg, 30%). LC/MS m/z 5 11.0 (M+H).(7)
5-phenyl-3-(1-{[3-(1-pyrrolidinyl)propyI]sulfonyl}-4-p
iperidinyl)-1H-indole-7- carboxamide Following the
general procedure for aminosulfonamide formation
outlined in example 2, 3- {
1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-phenyl-1
H-indole-7-carboxamide (60 mg, 0.1 3 mmol) and
pyrrolidine (46.2 mg, 0.65 mmol) were allowed to react
in the presence of K2CO3 (77 mg, 0.56 mmol) and NaI
(Cat. 2.13 mg). The resulting residue was purified by
reverse phase HPLC eluting with 10% B to 80% B, where
A = H2O (0.1% trifluoroacetic acid) and B = CH3CN (0.1
% trifluoroacetic acid) to give the title compound (27
mg, 42%). LC/MS m/z 495.4 (M+H). (8)
3-(1-{[3-(1-pyrrolidinyl)propyl]sulfonyI}-4-piperidiny
l)-5-(3-thienyl)-1H-indole-7- carboxamide Following
the general procedure for aminosulfonamide formation
outlined in example 2, 3- {
1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-(3-thien
yl)-1 /-/-indole-7-carboxamide (55 mg, 0.12 mmol) and
pyrrolidine (42.6 mg, 0.60 mmol) were allowed to react
in the presence of K2CO3 (84.6 mg, 0.24 mmol) and NaI
(Cat. 5 mg). The resulting residue was purified by
reverse phase HPLC eluting with 10% B to 80% B, where
A = H2O (0.1% trifluoroacetic acid) and B = CH3CN
(0.1% trifluoroacetic acid) to give the title compound
(23.2 mg, 39%). LC/MS: m/z 501 .4 (M+H) Rt 1.66
min.(9)
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-(3-thienyl)-1W-indole-7- carboxamide Following the
general procedure for aminosulfonamide formation
outlined in example 2, 3-
{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-(3-thie
nyl)-1 H-indole-7-carboxamide (50 mg, 0.12 mmol) and
2M dimethyl amine in THF (0.3 ml_, 0.60 mmol) were
allowed to react in the presence of K2CO3 (84.6 mg,
0.24 mmol) and NaI (Cat. 5 mg). The resulting residue
was purified by reverse phase HPLC eluting with 10% B
to 80% B, where A = H2O (0.1% trifluoroacetic acid)
and B = CH3CN (0.1% trifluoroacetic acid) to give the
title compound (17.1 mg, 30%). LC/MS: m/z 475.4 (M+H)
Rt 1.64 min. (10)
3-(1-{[3-(dimethylamino)propyl]sulfonyl}-4-piperidinyl
)-5-(2-thienyl)-1H-indole-7- carboxamide Following the
general procedure for aminosulfonamide formation
outlined in example 2, 3- {
1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-(2-thien
yl)-1 H-indole-7-carboxamide (50 mg, 0.12 mmol) and 2M
dimethyl amine in THF (0.3 mL, 0.60 mmol) were allowed
to react in the presence of K2CO3 (74 mg, 0.55 mmol)
and NaI (Cat. 5 mg) at 80 0C. The resulting residue
was purified by reverse phase HPLC eluting with 10% B
to 80% B, where A =H2O (0.1% trifluoroacetic acid) and
B = CH3CN (0.1% trifluoroacetic acid) to give the
title compound (35 mg, 61%). LC/MS: m/z 475.4 (M+H) Rt
1.55 min. (11)
3-(1-{[3-(1-pyrrolidinyl)propyl]sulfonyl}-4-piperidiny
l)-5-(2-thienyl)-1W-indole-7- carboxamide Following
the general procedure for aminosulfonamide formation
outlined in example 2, 3-
{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-(2-thie
nyl)-1 H-indole-7-carboxamide (50 mg, 0.12 mmol) and
pyrrolidine (45 uL, 0.60 mmol) were allowed to react
in the presence of K2CO3 (74 mg, 0.55 mmol) and NaI
(Cat. 5 mg) at 80 0C. The resulting residue was
purified by reverse phase HPLC eluting with 10% B to
80% B, where A = H2O (0.1% trifluoroacetic acid) and B
= CH3CN (0.1% trifluoroacetic acid) to give the title
compound (41 .2 mg, 68%). LC/MS: m/z 501 .4 (M+H) Rt
1.57 min. (12) 3-(1 -{[3-(2-methyl-1
-pyrrolidinyl)propyl]sulfonyl}-4-pipei
dinyl)-5-(2-thienyl)-1Hindole- 7-carboxamideFollowing
the general procedure for aminosulfonamide formation
outlined in example 2, 3-
{1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-(2-thie
nyl)-1 H-indole-7-carboxamide (50 mg, 0.12 mmol) and
2-methyIpyrrolidine (56 uL, 0.60 mmol) were allowed to
react in the presence of K2C O3 (74 mg, 0.55 mmol) and
NaI (Cat. 5 mg) at 80 0C. The resulting residue was
purified by reverse phase HPLC eluting with 10% B to
80% B, where A = H2O (0.1% trifluoroacetic acid) and B
= CH3CN (0.1% trifluoroacetic acid) to give the title
compound (36.5 mg, 59%). LC/MS: m/z 515.4 (M+H) Rt
1.60 min. (13)
3-(1-{[3-(cyclopentylamino)propyI]sulfonyl}-4-piperidi
nyl)-5-(2-thienyl)-1 H indole-7-carboxamide Following
the general procedure for aminosulfonamide formation
outlined in example 2, 3- {
1-[(3-chloropropyl)sulfonyl]-4-piperidinyl}-5-(2-thien
yl)-1 H-indole-7-carboxamide (50 mg, 0.12 mmol) and
cyclopentyl amine (54 uL, 0.60 mmol) were allowed to
react in the presence of K2C O3 (74 mg, 0.55 mmol) and
NaI (Cat. 5 mg) in DMF at 12O0C. The resulting residue
was purified by reverse phase HPLC eluting with 10% B
to 80% B, where A = H2O (0.1% trifluoroacetic acid)
and B = CH3CN (0.1% trifluoroacetic acid) to give the
title compound (27.2 mg, 44%). LC/MS: m/z 515.4 (M+H)
Rt 1.60 min. (14) 3-(1-{[3-(4-hydroxy-1-piperid
nyl)propyl]sulfonyl}-4-piperidinyl)-5-(2-thienyl)-1Win
dole- 7-carboxamideFollowing the general procedure for
aminosulfonamide formation outlined in example 2, 3-
{1-[(3-chloropropyl)sulfonyl]-4-piperidinyI}-5-(2-thie
nyl)-1 /-/-indole-7-carboxamide (50 mg, 0.12 mmol) and
4-piperidinol (55.6 mg, 0.60 mmol) were allowed to
react in the presence of K2CO3 (74 mg, 0.55 mmol) and
NaI (Cat. 5 mg) in DMF at 12O0C. The resulting residue
was purified by reverse phase HPLC eluting with 10% B
to 80% B, where A = H2O (0.1% trifluoroacetic acid)
and B = CH3CN (0.1% trifluoroacetic acid) to give the
title compound (32.3 mg, 51%). LC/MS: m/z 531 .4 (M+H)
Rt 1 .43 min. (15) 3-(1-{[2-(cyclopentylami
no)ethyl]sulfonyl}-4-piperidinyl)-5-(2-thienyl)-1
H-indole- 7-carboxamide 3-{1
-[(2-chloroethyl)sulfonyl]-4-piperidinyl}-5-(2-thienyl
)-1 /-/-indole-7-carboxamide was prepared according to
the procedure for intermediate 11.
3-(4-piperidinyl)-5-(2-thienyl)-
1H-indole-7-carboxamide (30 mg, 0.09 mmol) was reacted
with triethyl amine (0.04 ml_, 



0.27 mmol) and 2-chloroethylsulfonyl chloride (0.02
ml_, 0.18 mmol) to give 3-{1-[(2-
chloroethyl)sulfonyl]-4-piperidinyl}-5-(2-thienyl)-1
H-indole-7-carboxamide, which was used in the next
step without further purification. Following the
general procedu re for aminosulfonamide formation
outlined in example 2, 3- {
1-[(2-chloroethyl)sulfonyl]-4-p
peridinyl}-5-(2-thienyl)-1 /-/-indole-7-carboxamide
(0.09 mmol) and cyclopentanamine (0.04 mL, 0.45 mmol)
were allowed to react in the presenceof K2CO3 (44 mg,
0.45 mmol) and NaI (Cat. 5 mg). The resulting residue
was purified by reverse phase HPLC eluting with 10% B
to 80%> B, where A = H2O (0.1% trifluoroacetic acid)
and B = CH3CN (0.1% trifluoroacetic acid) to give the
title compound (14 mg, 39%). LC/MS: m/z 501 .4 (M+H)
Rt 1.73 min. (16)
3-(1-{[2-(1-pyrrolidinyl)ethyl]sulfonyl}-4-piperidinyl
)-5-(3-thienyl)-1H-indole-7- carboxamide 3-{1
-[(2-chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-th
ienyl)-1 H-indole-7-carboxamide was prepared according
to the procedure for intermediate 11.
3-(4-piperidinyl)-5-(3-thienyl)-
1H-indole-7-carboxamide (30 mg, 0.09 mmol) was reacted
with triethyl amine (0.025 ml_, 0.18 mmol) and
2-chloroethylsulfonyl chloride (O.012 ml_, 1.08 mmol)
to give 3-{1-[(2-
chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-thienyl)-1
H-indole-7-carboxamide, which was used in the next
step without further purification. Following the
general procedure for aminosulfonamide formation
outlined in example 2, 3- {
1~[(2-chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-thieny
l)-1 H-indole-7-carboxamide (0.09 mmol) and
pyrrolidine (0.03 ml_, 0.45 mmol) were allowed to
react in the presence of K2CO3 (44 mg, 0.45 mmol) and
NaI (Cat. 5 mg). The resulting residue was purified by
reverse phase HPLC eluting with 10% B to 80% B, where
A = H2O (0.1% trifluoroacetic acid) and B = CH3CN
(0.1% trifluoroacetic acid) to give the title compound
(12.4 mg, LC/MS: m/z 487.2 (M+H) Rt 1.63 min. (17)
3-(1-{[2-(dimethylamino)ethyl]sulfonyl}-4-piperidinyl)
-5-(3-thienyl)-1H-indole-7- carboxamide3-{1
-[(2-chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-thienyl
)-1 /-/-indole-7-carboxamide was prepared according to
the procedure for intermediate 11.
3-C4-piperidinyl)-5-(3-thienyl)-
1H-indole-7-carboxamide (30 mg, 0.09 mmol) was reacted
with triethyl amine (0.025 ml_, 0.18 mmol) and
2-chloroethyisulfonyl chloride (0.012 ml_, 1.O8 mmol)
to give 3-{1-[(2-
chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-thienyl)-1
H-indole-7-carboxamide, which was used in the next
step without further purification. Following the
general procedure for aminosulfonamide formation
outlined in example 2, 3-
{1-[(2-chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-thien
yl)-1 H-indole-7-carboxamide (0.09 mmol) and 2M
dimethyl amine in THF (0.225 mL, 0.45 mmol) were
allowed to react in the presence of K2CO3 (44 mg, 0.45
mmol) and NaI (Cat. 5 mg). The resulting residue was
purified by reverse phase HPLC eluting with 10% B to
80% B , where A = H2O (0.1% trifluoroacetic acid) and
B = CH3CN (0.1% trifluoroacetic acid) to give the
title compound (5.5 mg, 13%). LC/MS: m/z 461 .2 (M+H)
Rt 1.42 min. (18)
3-(1-{[2-(cyclopentylamino)ethyl]sulfonyl}-4-piperidin
yl)-5-(3-thienyl)-1H-indole- 7-carboxamide 3-{1
-[(2-chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-thienyl
)-1 H-indole-7-carboxamide was prepared according to
the procedure for intermediate 11.
3-(4-piperidinyl)-5-(3-thienyl)-1H-indole-7-carboxamid
e (30 mg, 0.09 mmol) was reacted with triethyl amine
(O.025 ml_, 0.18 mmol) and 2-chloroethylsulfonyl
chloride (0.012 ml_, 1.08 mmol) to give 3-{1-[(2-
chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-thienyl)-1
H-indole-7-carboxamide, which was used in the next
step without further purification. Following the
general procedure for aminosulfonamide formation
outlined in example 2, 3- {
1-[(2-chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-thieny
l)-1 /-/-indole-7-carboxamide (0.09 mmol) and
cyclopentyl amine (0.04 ml_, 0.45 mmol) were allowed
to react in the presence of K2CO3 (44 mg, 0.45 mmol)
and NaI (Cat. 5 mg). The resulting residue was
purified by reverse phase HPLC eluting with 10% B to
80% B, where A = H2O (0.1% trifluoroacetic acid) and B
= CH3CN (0.1% trifluoroacetic acid) to give the title
compound (7.1 mg, 16%). LC/MS: m/z 501 .2 (M+H) Rt
1.60 min. (I
S-II-^-^-hydroxycyclohexylJaminoJethy^sulfonylJ^-piper
idinyll-d-^-thienyl)- 1H-indole-7-carboxamide 3-{1
-[(2-chloroethyl)suIfonyl]-4-piperidinyl}-5-(3-thienyl
)-1 H-indole-7-carboxamide was prepared according to
the procedure for intermediate 11.
3-(4-piperidinyl)-5-(3-thienyl)-
1H-indole-7-carboxamide (30 mg, 0.09 mmol) was reacted
with triethyl amine (O.025 ml_, 0.18 mmol) and
2-chloroethylsulfonyl chloride (0.012 ml_, 1.08 mmol)
to give 3-{1-[(2-
chloroethyl)sulfonyl]-4-piperidinyl}-5-(3-thienyl)-1
H-indole-7-carboxamide, which was used in the next
step without further purification. Following the
general procedure for aminosulfonamide formation
outlined in example 2, 3-
{1-[(2-chloroethyl)sulfonyl]-4-piperidinyI}-5-(3-thien
yl)-1 H-indole-7-carboxamide (0.09 mmol) and
4-aminocyclohexanol (33.4 mg, 0.45 mmol) were allowed
to react in the presence of K2CO3 (44 mg, 0.45 mmol)
and NaI (Cat. 5 mg). The resulting residue was
purified by reverse phase HPLC eluting with 10% B to
80% B, where A = H2 O (0.1%trifluoroacetic acid) and B
= CH3CN (0.1% trifluoroacetic acid) to give the title
compound (3.6 mg, 7.7%). LC/MS: m/z 517.2 (M+H) Rt
1.40 min. (20)
3-{1-[(2-hydroxyethyl)sulfonyl]-4-piperidinyl}-5-pheny
l-1H-indole-7- carboxamide The mixture of
3-[1-(ethenylsulfonyl)-4-piperidinyl]-5-phenyl-1
H-indole-7-carboxamide (26 mg, 0.063 mmol) and aqueous
6M NaOH (0.2 mL) in DMSO was heated to 800C overnight.
After which time the reaction mixture was filtered and
purified by reverse phase HPLC (water/ CH3CN, 0.1 %
TFA 3-70%) to give the title compound (16 mg, 59%).
LC/MS: 428.2 r.t: 1.79 min. (21)
5-(5-chloro-2-thienyl)-3-(1-{[3-(1-pyrrolidinyl)propyl
]sulfonyl}-4-piperidinyl)-1Hindole- 7-carboxamide The
title compound was prepared following the general
procedure described in intermediate 16. Thus,
15-bromo-3-(1-{[3-(1-pyrrolidinyl)propyl]sulfonyl}-4-p
iperidinyl)-1Hindole- 7-carboxamide (95mg, 0.19 mmol)
in dioxane (3 mL) and water ( 1 mL), 5-chloro-2-
thienylboronic acid (123 mg, 0.76 mmol), Pd(PPh3 4
(22.2 mg, 10%) and potassium carbonate (21 1 mg, 1.52
mmol) in dioxane (3.0 mL) and water (1.0 mL) were
reacted to form the desired product which was purified
by reverse phase HPLC eluting with 10% B to 80% B,
where A = H2O (0.1% trifluoroacetic acid) and B =
CH3CN (0.1% trifluoroacetic acid) to give the title
compound ( 1 1 mg, 11%). LC/MS: m/z 535.0 (M+H), Rt
1.84 min.(22) 3-(1
-{[2-(methylamino)ethyl]sulfonyl}-4-piperidinyl)-5-phe
nyl-1 ffindole-7- 



carboxamide To a solution of 3-[1
-(ethenylsulfonyl)-4-piperidinyl]-5-phenyl~1
/-/-indole-7-carboxamide (26 mg, 0.063 mmol) in CH3CN
( 1 .0 ml_), were added methylamine(19.5 mg, 0.63
mmol). The reaction solution was heated to 800C
overtnight. After which time the reaction mixture was
purified by reverse phase HPLC (water/ CH 3CN, 0.1 %
TFA 10-90%) to give the title compound (15 mg, 54%).
LC/MS: m/z 414.4.0 (M+H), Rt 1.61 min. Following the
general procedure described in example 22, but
replacing methylamine with the appropriate amines,
compounds listed in Table 1 were prepared. Table
1PORCINE REPRODUCTIVE AND RESPIRATORY SYNDROME
ISOLATES AND METHODS OF USE RELATED APPLICATIONS The
present application is a continuation-in-part of
Application Serial No. 11/022,262, filed on December
23, 2004, which claimed the benefit of provisional
application Serial No. 60/61 1,824, which was filed on
September 2 1, 2004. The teachings and content of each
of these prior applications is incorporated by
reference herein. BACKGROUND OF THE INVENTION Field of
the Invention The present invention is concerned with
new isolated wild-type PRRS virus isolates and
corresponding improved attenuated PRRS viruses, the
uses of such attenuated viruses in vaccines and
immunological compositions, as well as methods of
measuring the magnitude of viremia, rate of growth,
antibody response, and combinations thereof in such
isolates and viruses. More particularly, the present
invention provides methods for predicting the
virulence of new or previously uncharacterized PRRS
isolates, and the attenuation and use of such isolates
in vaccines and immunological compositions.
Description of the Prior Art Porcine reproductive and
respiratory syndrome virus (PRRSV) is an enveloped
single stranded RNA virus classified in the family
Arteriviridae (Cavanaugh, 1997). It causes a
widespread disease of swine that was first described
as 'mystery swine disease' in the USA in 1987 (Hill,
1990). The disease manifests as respiratory illness in
all age groups of swine leading to death in some
younger pigs and severe reproductive problems in
breeding age females.The dynamic nature of PRRSV
allows for constant change in the disease and provides
ample opportunity for the appearance of new isolates
(Andreyev et al., 1997; Murtaugh et al. 1998; Meng,
2000). The fact that PRRSV changes so readily, coupled
with its ability to cause devastating problems for
swine producers, makes it an important subject for
research (Mengeling ' ' et al., 1998; Pejsak et al.,
1997) and for the development of vaccines and other
methods of reducing the effects of infection.
Variation in levels of isolate virulence were
demonstrated in lung lesions, and death in swine
(Halbur et al., 1996), but efforts to link biological
and immunological differences to specific genetic
differences has been largely unsuccessful (Albina et
al., 1998; Key et al., 2001 ; Yuan et al., 2001;
Murtaugh et al., 2002; Grebennikova et al., 2004).
Studies examining the safety and efficacy of PRRS
vaccines include the work of Labarque et al., (2003),
Mengeling et al., (2003a), and Nodelijik et al.
(2001). These studies show that under experimental
conditions, modified live PRRS vaccines reduce the
amount and duration of viremia as well as fever and
lung lesions after virulent challenge. Opriessing et
al. (2002) showed that isolates with high amino acid
sequence homology in open reading frame 5 (ORF5)
caused significantly different levels of pneumonia in
pigs. Variation in swine responses to PRRSV also are
affected by host variation (Mengeling et al., 2003b).
Virulence has been examined in relation to replication
rates and distribution of PRRSV in pigs (Haynes et
al., 1997), to macrophage copper clearing capabilities
(Thanawongnuwech et al., 1998), and the anemia levels
of the host animal (Halbur et al, 2002). However,
these methods have been deficient in providing
effective methods for predicting the virulence of new
or previously uncharacterized PRRS isolates.
Accordingly, what is needed in the art is a method of
predicting the virulence of PRRS isolates. What is
further needed in the art is a method of predicting
the virulence of PRRS isolates based on the rate of in
vivo PRRS viral growth and/or viremia magnitude in a
swine afteradministration or exposure of the isolate
to a previously PRRS-free swine. SUMMARY OF THE
INVENTION The present invention overcomes the problems
outlined above and provides new isolated wild-type
PRRS virus isolates, attenuated versions of such
viruses, and corresponding vaccines comprising the
attenuated PRRS viruses in pharmaceutical
compositions. In more detail, the wild-type viruses of
the invention are denominated SDSU 73, 17198-6 and MN
184, and mixtures thereof. Attenuated versions of
these virus isolates, and complete vaccines comprising
the attenuated isolates are capable of conferring in
vivo immunity against PRRS in swine, without
generation of significant PRRSV clinical signs.
Another feature of the attenuated PRRS isolates of the
invention is that they retain a substantial proportion
of the viremia found in the wild, unattenuated
viruses. Thus, the attenuated viruses exhibit at least
about 50%, and more preferably at least about 75%, of
the viremia exhibited by the wild unattenuated
viruses. In this way, the attenuated viruses are
capable of conferring a more rapid and complete PRRS
immunity in swine. The wild viruses can be attenuated
by a variety of methods, such as repeated serial
passage in cell culture, gene insertion, gene
switching, gene deletion, base-pain substitution, and
temperature-sensitive mutation. Such attenuated
viruses may then be used in a variety of immunological
compositions including vaccines using methods that are
well known in the art. In some forms, these attenuated
viruses may further be killed or inactivated using
methods that are well known in the art, prior to
incorporation or inclusion in an immunogenic
composition according to the present invention.
Examples of immunogenic compositions useful for
preventing PRRS infection or reducing the severity of
clinical signs of PRRS infection include vaccines made
with Abst-1 or JA-142.It has also been discovered that
the vaccines of the invention may be stored in a
frozen 75 condition until ready for use, without
detracting from the desirable characteristics of the
vaccines. This addresses a continuing problem in the
art, inasmuch as prior PRRS vaccines have not been
suitable for frozen storage. The present invention
further provides methods for predicting the degree of
virulence of a new or uncharacterized PRRS virus
isolate. Such methods generally involve assessing a
new 80 or previously uncharacterized isolate of PRRS
for at least one of the following parameters: rate of
viral growth; magnitude of viremia; antibody response;
or combinations thereof. The results of such an
assessment are then used to predict the degree of
virulence of the new or previously uncharacterized
isolate. The methods generally involve administering
or exposing a PRRS-free swine to a quantity of the new
or uncharacterized PRRS isolate and allowing the virus
to 85 replicate for a period of up to about 15 days,
more preferably from about 2-12 days, still more 



preferably from about 3-10 days and still more
preferably from about 3-7 days. The mode of
administration can be accomplished using any
conventional manner, including oral, intranasal,
intramuscular, intra-lymph node, intradermal,
intraperitoneal, subcutaneous, and combinations
thereof, but most preferably through intranasal
administration. The amount of the dose for 90
intranasal administration is preferably up to about 5
ml, still more preferably between about 0.5 ml to
about 4 ml, still more preferably between about 1 ml
and about 3 ml, and still more preferably about 2 ml.
The concentration of virus in each dose should be up
to about 5.0 Log,0 TCID50/ml, more preferably between
about 1.0 to about 4.0 Log10 TCID50/ml, and still more
preferably about 2.5 to 3.5 Log10 TCID50/ml, and most
preferably about 3.0 Log,0TCID50/ml. At 95 a selected
time or times during this replication period,
biological samples are taken from the swine and
measurements of the rate of growth of the administered
virus, viremia magnitude, antibody response, and/or
combinations thereof are taken. Data gathered from
thesemeasurements is then compared with the rate of
growth, viremia magnitude, antibody and/or
combinations thereof for a known and charaterized
isolate, as a measure of predicted virulence 100 of
the new or unknown isolate. Using the methods of the
present invention, the rate of PRRS viral growth,
viremia magnitude, antibody response, and/or
combinations of these characteristics were measured in
swine which had one of eight different PRRSV isolates
administered thereto. Each of these isolates had a
known level of virulence and clinical disease
manifestations. These same 105 characteristics were
also measured in swine which had a combination of all
eight isolates administered thereto. More
specifically, one hundred (100) healthy two-three week
old pigs were divided randomly by weight into ten
groups with each group having ten pigs. All pigs were
tested for PRRS infection using HerdChek (r) PRRS
ELISA 2XR (IDEXX Laboratories Inc., Westbrook, 110
ME). Eight of the groups received an administration of
one of the eight isolates, one group received an
administration consisting of a combination of all
eight isolates, and the last group received an
administration Eagle's Minimum Essential Medium (EMEM)
to act as a control group. A sample of each viral
inoculation was retitrated for titer confirmation.
Preferably the titer of the administered vims is
designed to mimic a natural exposure level of virus.
Biological 115 samples in the form of blood were
collected at various times throughout the experiment.
Each sample was analyzed by virus isolation,
quantitative reverse transcriptase-polymerase chain
reaction (RT-PCR), HerdChek (r) PRRS ELISA 2XR, and
PRRSV protein-specific ELISA. Virus isolation was
performed on CL262 1(anMA 104 cell line) cells by
serially diluting serum and combining it with EMEM,
gentamicin (Sigma Chemical Co., St. Louis, MO) and 120
Fungizone (Invitrogen Corp., Grand Island, NY). The
dilutions were then incubated and examined for
cytopathic effect (CPE). The Reed-Muench calculation
was used to determinetiters. RT-PCR was performed
using the QIAamp Viral RNA Mini^Kit (r) (Qiagen, Inc.,
Valencia, CA) and PRRSV was detected using a
single-tube assay by Tetracore, Inc. 125
(Gaithersburg, MD). To determine virus quantitation, a
Standard curve was developed and concentrations of the
unknown samples were determined by linear
extrapolation of the cycle threshold values plotted
against the known concentration of the 3' UTR
transcript product. Antibody measurement using ELISA
S/P ratios were generated using HerdChek (r)PRRS ELISA
2XR using the manufacturer's instructions. PRRSV
protein-specific ELISA was 130 performed using
recombinant isolate VR2332 nucleocapsid (N) and
non-structural protein 4 (nsp 4) expressed in BL21
(DE3)-RP cells (Stratagene, La Jolla, CA). All pigs
were weighed at the beginning and at the end of the
study. Additionally, on every day of the study, each
pig was evaluated and scored by a veterinarian for
clinical signs of PRRS disease. All resulting data was
analyzed statistically and compared on a
group-by-group 135 basis. Nine of the ten groups were
subsequently challenged a second time with a virus
isolate of high virulence to allow further evaluation
of levels of homologous protection and vaccine versus
wild type heterologous protection (live vims exposure
concept). Following this challenge, the animals were
evaluated and necropsied for analysis using virus
isolation and 140 immunohistochemistry. The present
invention therefore also provides an immunogenic
composition comprising an attenuated PRRS virus
isolate. In preferred forms, the composition can also
include a pharmacologically compatible carrier and/or
an adjuvant. One example of such a composition would
include Abst-1 and/or an attenuated form of a PRRS
virus that is predicted to be virulent 145 by the
methods described above.The present invention also
provides an improved method of selecting a PRRS virus
isolate for attenuation and inclusion in an
immunogenic composition. The method generally includes
the steps of a) obtaining a PRRS isolate of unknown
virulence; b) administering a quantity of said PRRS
vims isolate into a PRRS-free swine; c) allowing said
isolate to replicate 150 in the swine for a period of
from about 3-15 days; d) measuring the rate of virus
growth and/or the magnitude of viremia during said
period; e) comparing said rate of growth or viremia
magnitude with the rate of growth and/or viremia
magnitude of a PRRS virus isolate of known virulence;
and f) selecting an isolate for attenuation and
inclusion into an immunogenic composition based on its
rate of growth and/or its viremia magnitude in
comparison to isolates 155 of known virulence. It
would be preferred to select an isolate that was
predicted to be highly virulent for inclusion in an
immunogenic composition although isolates predicted to
be of lessor virulence including those ipedicted to be
avirulent could be used. This is because the isolates
predicted to be of higher virulence had higher growth
rates and/or magnitudes of viremia, which generally
induce a more vigorous and protective immune repsonse.
By using the methods of the 160 present invention, the
selection of which isolates to use for inclusion in
immunogenic compositions will be simiplified and the
likelihood of having a useful vaccine that protects
against the virulent PRRS isolates will be increased.
As used herein, "rate of growth" refers to the
measurement of virus replication over time in swine.
Preferred examples of this measurement are provided in
Example 1. "Viremia 165 magnitudes" as used herein,
refers to the concentration of virus circulating in
the blood of swine. Preferred examples of this
measurement are also provided in Example 1. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is a graph of
mean serum virus titer versus time expressed as log10
TCID50/ml170 for the swine test of Example 1; Fig. 2
is a graph of mean PRRSV virus concentration in serum
in the swine test of Example 1, as measured by real
time RT-PCR; Fig. 3 is a graph of mean S/P ratios
versus time using a commercial ELISA assay; Fig. 4 is
a graph illustrating repeated measures analysis for
the commercial ELISA assay 175 and the log,0TCID50/ml
data of Example 1, wherein the group average under the
ELISA S/P ratio curve was plotted against the group
average area under the log]0 TCID50/ml; Fig. 5 is a
graph illustrating repeated measures analysis for the
commercial ELISA assay 



an RT-PCR concentration data of Example 1, wherein the
group average area under the ELISA ratio curve was
plotted against the group average area under the
RT-PCR concentration curve; 180 Fig. 6a is a graph of
absorbance versus time for Example 1; Fig. 6b is a
graph of absorbance vs. time, illustrating the effect
of PRRSV isolate on nsp-4 IgG response, wherein the
data are the mean values of 10 animals, except where
animals died; Fig. 7 is a graph illustrating repeated
measures analysis using the nsp-4 and log]0 TCID50/ml
data of Example 1, wherein the group average area
under the nsp-4 curve was plotted 185 against the
group average area under the log]0 TCID50AnI curve;
Fig. 8 is a graph of repeated measures analysis using
the clinical scores and log]0 TCID50/ml data of
Example 1, wherein the group average under the
clinical scores curve was plotted against the group
average area under the log10 TCID50/ml curve; and Fig.
9 is a graph of the IHC scores for each isolate in
this application. 190 DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS The following examples set forth
preferred isolates and procedures in accordance with
the present invention. It is to be understood,
however, that these examples are provided by wayof
illustration only, and nothing therein should be
deemed a limitation upon the overall scope of 195 the
invention. EXAMPLE 1 Materials and Methods: One
hundred healthy 2-3 week-old pigs were obtained from a
PRRS-free commercial 200 herd and were maintained at
Veterinary Resources, Inc., Ames, Iowa, under the
supervision of a veterinarian. Animals received food
and water ad libitum. All of the animal care and
laboratory' personnel involved with the study were
blinded to the treatments given to the various groups
of animals. Pigs were tested by HerdChek(r) PRRS ELISA
2XR (IDEXX Laboratories Inc. Westbrook, ME) to
determine if any pigs were infected with PRRSV. All of
the pigs for this 205 example tested negative. The
pigs were then randomly divided by weight into 10
groups, with 10 pigs per group. A total of eight PRRSV
isolates were used in this example. These isolates
have been designated VR-2332, Ingelvac(r) PRRS MLV, JA
142, Ingelvac(r) PRRS ATP , SDSU 73, Abst-1 , MN 184,
and 17198-6. These eight isolates span the history of
PRRS disease, exhibit a wide 2 10 range of virulence
levels, and represent relevant clinical disease
manifestations. All of the virus isolates grew readily
on ATCC cell line CL262 1cells (CL262 1is a
proprietary cell line obtained from NVSL, Ames, IA5)
(an MA-104 monkey kidney cell line). Three of the
primary field isolates, VR-2332, JA-142, and SDSU 73,
also had attenuated forms, Ingelvac(r) PRRS MLV
(Boehringer Ingelheim Vetmedica Inc., St. Joseph, MO),
Ingelvac(r) PRRS ATP (Boehringer 215 Ingelheim
Vetmedica Inc., St. Joseph, MO), and Abst-1 ,
respectively. These attenuated forms all exhibit low
or undetectable virulence that was derived by in vitro
passaging to attenuation. The PRRSV isolate ATCC
VR-2332 was isolated in 1991 in Minnesota and was used
at cellculture passage three. The attenuated form of
this virus is commercially available under the
trade-name Ingelvac(r) PRRS MLV. The PRRSV isolate JA
142 (ATCC No. PTA-6504), 220 provided by William
Mengeling, National Animal Disease Center, Ames, Iowa,
was isolated in 1997 in Iowa from a severe
"abortion-storm" case of reproductive failure and was
used at cell culture passage five. The attenuated form
of JA 142 is commercially sold under the trade-name
Ingelvac(r) PRRS ATP and has been assigned ATCC No.
VR-2638. PRRSV SDSU 73 (ATCC No. PTA-6322) was
recovered in Iowa from a severe case of reproductive
disease in 1996 and 225 was used at cell culture
passage one. The attenuated form of SDSU 73,
designated Abst-1 (ATCC No. PTA-6320), was obtained by
52 passages. The PRRSV isolate 17 198-6 (ATCC No.
PTA-6321) was obtained from Oklahoma in 1997 from a
herd experiencing severe reproductive disease and was
used at passage level four. The PRRSV MN 184 isolate
(ATCC No. PTA-63 19) was obtained in 2001 from a swine
farm experiencing severe reproductive disease and sow
230 mortality in southern Minnesota and was provided
by Kurt Rossow, University of Minnesota, St. Paul.
This isolate was used at a cell culture passage of
one. Additionally, a pool consisting of a combination
of all isolates was produced. On day 0, each of the
eight PRRSV isolates and the PRRSV pool were diluted
to approximately 3.0 Log10 TCID50/ml in Eagle's
Minimum Essential Medium (EMEM) (JRH 235 Bioscience,
Lenexa, KS) containing 4% FBS (JRH Bioscience, Lenexa,
KS) and administered intranasally to pigs at a dose of
2 ml ( 1 ml per nostril). The untreated control group
received 2 ml of media. The inocula were titrated on
96-well plates containing three-day-old CL2621 cells
for titer confirmation using the Reed-Muench method
(Reed et al., 1938), The observed titers administered
to pigs, together with a description of the virulence
level and isolation information, 240 are shown in
Table 1. ,Table 1. Virulence and Inoculation Titer of
Isolates. * attenuated PRRSV isolates. ** Mixture
containing all of the eight isolates *** Summary of
lung lesions reported in Symposium on Emerging
Diseases, Rome 2003.The isolates were then compared to
determine their genetic similarity through an analysis
of their percent sequence identity. Sequence identity
was detepnined by submitting virus samples to the
University of Minnesota Diagnostic Laboratory for
sequence analysis. The results 265 of ORP 5-6 were
provided and then compared to a PRRS vims consensus
sequence. Individual base pair differences were noted
and then the % sequence identity was compared between
isolates. As those of skill in the art are aware,
blast searching can also be done at various websites.
For example, the University of Minnesota provides a
PRRSV database
(ccgb.umn.edu/cgi-bin/common/web_blast.cgi) that lists
sequences from isolates from 1989- 270 2003. Another
frequently used site is the NCBI BLAST link found at
ncbi.nlm.nih.gov/BLAST. As shown by the percent
sequence identity and the dendogram in Table 2, the
virulent field isolates are quite genetically distinct
and represented a diverse group of PRRSV isolates. In
contrast, the parental and vaccine PRRSV pairs were
nearly genetically identical. The pairwise comparison
and dendrogram of Table 2 were generated using the
Lasergene software 275 suite of sequence analysis
tools (DNASTAR, Inc, (Madison, WI)). Table 2. Pairwise
comparisons of ORF5 nucleotide sequence of virulent
and attenuated PRRSV isolates used in the study.
Percent similarity is shown in the upper right and
percent divergence is shown in the lower left of the
table. The dendrogram shows the genetic relatedness of
the isolates. The bar indicates 1 280 nucleotide
change per 100 residues. VR2332 is the parent isolate
of Ingelvac PRRS MLV, JA 142 is the parent isolate of
Ingelvac PRRS ATP and SDSU 73 is the parent isolate of
Abst-1 . Percent Identity Ingelvac Ingelvac 285 VR
2332 PRRS JA-142 PRRS SDSU 73 Abst-1 MN 184 17 198-6
MLV ATP 



VR 2332 99.7 9 1.0 90.5 90.0 89.6 86.4 90.4 Ingelvac
0.3 90.7 90.2 89.7 89.2 86.4 90.0 PRRS MLV JA-1 42 9.7
10. 1 99.2 92.7 92.2 87.2 92.2 290 Ingelvac 10.3 10.7
0.8 9 1.9 9 1.4 86.4 9 1.410.9 11.3 7.8 8.8 99.5 87.2
9 1.7 11.5 11.9 8.4 9.4 0.5 86.7 9 1.2 15.5 15.5 14.4
15.5 14.4 15.1 86. 1 295 10.5 10.9 8.8 9.7 9.0 9.6
15.9 Percent Divergence At day 49, 2ml of virulent
isolate of PRRS MN 184 was administered intranasally
to groups 1-9. The MN 184 isolate was diluted in MEM +
4% FCS, such that the concentration 300 was equal to
log 3.0 +/- 0.5 per ml. The diluted challenge virus
was titrtaed on 96-well plates containing three day
old CL2621 cells for testing. The animals were
evaluated for 14 days and then necropsied. 305
Evaluation of Viremia Blood samples were collected
from each pig in each group by vacutainer on days 0,
1, 3, 7, 15, 21, 28, 35, 42, and 49. Serum was
separated from clotted whole blood by centrifugation
at 6000 RPM for 20 minutes. Serum samples were then
divided for analysis by vims isolation, TCID50 Assay,
quantitative reverse transcriptase-polymerase chain
reaction (RT-PCR), 310 HerdChek(r) PRRS ELISA 2XR, and
PRRSV protein-specific ELISA. The serum samples in
this study were processed immediately after collection
and were chilled on ice within 3 hours of being
obtained. The samples were stored for a maximum of 24
hr at 40C and at -7O0C thereafter. Serum tested by
RT-PCR was frozen at -7O0C the day of collection and
stored until the testing could be performed at which
time only the number of samples that could be tested
within 24 hours were 315 thawed, extracted, and
tested.For the TCID50 assay, 100 ml of serum from each
pig was added to a dilution tube containing 900 ml
ofEMEMm + 2%FBS + 50 mg/ml gentamicin (Sigma Chemical
Co. St. Louis, MO) + 2.5 mg/ml Fungizone (Invitrogen
Corporation, Grand Island NY). This tube was vortexed
and 100 ml was transferred to another dilution tube
containing 900 ml of EMEMm + 320 2% FBS + 50 mg/ml
gentamicin + 2.5 mg/ml Fungizone. This process was
repeated until a final dilution of 10 6 was reached.
Four replicates for each dilution were plated on
96-well plates, containing the CL2621 (MA 104 cells),
100 ml per well, at 370C and 4% CO2 for eight days.
Each well then was examined for cytopathic effect
(CPE) and the titers were determined using the
Reed-Muench calculation. For virus isolations, 100 ml
of serum was added to each of the 325 duplicate test
wells containing MA 104 cells. The plates were then
incubated for one hour at 370C and 4% CO2. Next, 500
ml of EMEM + 2% FBS + 50 mg/ml gentamycin + 2.5 mg/ml
Fungizone was added to each well. The plates were
allowed to incubate at 370C with 4% CO2 for eight days
and then each well was examined for CPE. To extract
viral RNA from the serum for quantitative RT-PCR, the
QIAamp Viral RNA 330 Mini-Kit (Qiagen Inc. Valencia,
CA) was used as described in the kit instructions. For
real-time PCR, a commercially available real-time,
single-tube, RT-PCR assay for the detection of U.S.
PRRSV was provided by Tetracore Inc. (Gaithersburg,
MD) and used to detect PRRSV RNA. A minor groove
binding (MGB) 5' nuclease probe and primers were
designed from the 3' untranslated region (UTR) PRRSV
genomic region by alignment of GenBank isolates and
based 335 on conserved areas of the 3'UTR primer and
probe region. The PRRSV RNA was transcribed in a
single tube using a 25 ml reaction volume consisting
of Tetracore U.S. PRRSV Master Mix ( 18.9 ml Master
mix, 2 ml Enzyme mix 1, 0.1ml Enzyme mix 2) and 4 ml
of extracted RNA. The reaction tubes were loaded into
the Smart Cycler U block (Cepheid, Sunnyvale, CA) and
software settings of fluorescent detection were set
for automatic calculation of the baseline withthe
background subtraction on. The thermal cycler program
consisted of 520C for 1800 seconds, 950C for 900
seconds, and 45 cycles at 940C for 30 seconds, 6 10C
for 60' seconds and 72C for 60 seconds. A PCR reaction
was considered positive if the cycle threshold (Ct)
level was obtained at < 45 cycles. For quantitation,
known amounts of serially diluted in vitro transcript
RNA product ( 1 x 10 ' through 1 x 10s copies/ ml)
were used to generate a standard .curve. Copy/ml
concentrations of the unknown samples were determined
by linear extrapolation of the Ct values plotted
against the known concentration of the 3'UTR
transcript product. Antibody Measurement ELISA S/P
ratios were generated by performing the HerdChek(r)
PRRS ELISA 2XR (INDEXX Laboratories, Westbrook, MA)
according to the manufacturer's instructions. PRRSV
protein-specific ELISA for The HerdChek(r) was
performed with recombinant isolate VR2332 nucleocapsid
(N) and nonstructural protein 4 (nsp 4) which were
expressed in BL21 (DE3)-RP cells (Stratagene) from the
plasmid pET 24b as fusion proteins containing an amino
terminal myc-tag and a carboxyl terminal 6x histidine
tag. Denatured proteins were dialyzed in 0.1MTris HCl,
pH 8.0, 6 M guanidine-HCl, 2 mM EDTA and adjusted to a
concentration of 3 mg/ml. DTT was added to 300mM and
the solution was filtered through a 0.45 mm membrane.
Reduced protein was added into refolding buffer (100
mM Tris HCl, pH 8.0, 0.5 M L-arginine, 8 mM oxidized
glutathione, 2 mM EDTA, 10 mM pepstatin A, 10 mM
leupeptin, and 1mM PMSF), filtered (0.22 mm) and
stirred overnight. The purified protein was
concentrated by tangential flow filtration (Pellicon
XL Ultracel PLC 5 kd, Millipore) and dialyzed against
20mM Tris HCl, pH 8.0. Proteins were analyzed on an
Agilent 2100 Bioanalyzer with the Protein LabChip.
Purified protein solutions were stored at -80 0C.
Protein-specific ELISAs were performed by coating
microtiter plates with 100 ng recombinant protein in
carbonate buffer, pH 9.6, or with buffer alone. Plates
were blocked with2.5% nonfat dry milk in
phosphate-buffered saline containing 0.1% Tween 20
(PBST). One 365 hundred ml of a 1:2000 dilution of
serum was applied to duplicate wells for 2 hours,
after which plates were washed with PBST and
antibodybinding was detected by incubation with
horseradish peroxidase-conjugated goat-anti swine IgG
(heavy + light chains (KPL, Gaithersburg MD) diluted
1:5000 for 1 hour, followed by washing and color
development with 100 ml of TMB substrate (KPL).
Reactions were stopped with 1Mphosphoric acid and
plates were read at 450 370 nm. Body Weights All pigs
were weighed on day 0 (first day of study) and day 49
(end of study). Pigs were weighed on a portable
electronic weigh-bar scale system Weigh-Tronix(tm)
model 615XL, (Weigh-Tronix Inc., Fairmont, MN). The
scale was calibrated using certified test weights
prior 375 to and after each use. Clinical Scores On
every day of the study each pig was scored by a
veterinarian for respiratory signs, behavior, and
coughing on a scale of one to four for each clinical
sign. A normal animal was given a score of three,
maximum clinical illness was a score nine and a dead
animal received a 



380 score of 12. Samples from all animals that died in
the study were submitted to the Iowa State University
Veterinary Diagnostic Laboratory for pathological
examination. Immiinohistolosical evaluation oflunss A
sample fo lung from each pig was fixed with formalin
on the day of necropsy for testing by
immunohistochemistry and microscopic examination for
lesions compatible with 385 PRRSV. This testing was
performed by the Iowa State University Veterinary
Diagnostic Lab. Statistical AnalysisAll data were
imported into SAS version 8.02 for data management and
analysis. Summary statistics including mean, standard
deviation standard error, median and' frequency 390
distributions were generated for all out come
variables as appropriate. Weight, RT-PCR, and Log]0
TCID50/ml data were analyzed by one way ANOVA for
overall differences among the treatment groups with
pairwise testing for differences between treatment
groups by Least Significant Difference t test. All
tests for differences between groups were designed as
two-sided tests. Differences were considered
statistically significant at p < 0.05. 395 Some
changes were made to the data to facilitate
correlation analyses. The Log,0 TCID50/ml values
listed as <2.00 were set to 1.0. Negative RT-PCR
values were set to 1.0 and all RT-PCR values were
normalized by transformation to log base 10 before
analysis. Control group results were not included in
the correlation analyses. Results for each pig were
converted to an approximate area under the curve using
trapezoidal rule. Area under the curve was 400
computed for the entire study period, from the first
observation to day 15, and from day 15 to the last
observation, although only the entire study period is
shown in the figures. , Results Virus isolation and
Log]0 TCID50ZmI quantification 405 Before exposure on
the day of infection no animals tested positive for
PRRSV. At 1day after intranasal infection, only 13
animals in 5 groups tested positive for virus.
However, at 3 days after infection all animals that
were infected with field isolates, except for isolate
17198-6, were virus positive with mean log )0TCID50/ml
values ranging from 2.1 (SDSU-73) to 3.9 (MN 184). By
contrast, animals inoculated with attenuated isolates
were uniformly negative by cell 410 culture. These
results are provided in Fig. 1. Peak levels of
viremia, from 3.6 to 4.6 log,0 TCID50/ml were attained
on day 7 for four of the five virulent isolates.
Isolate 17198-6 peakedon day 15. Titers remained near
or above 2 log, 0TCID50/ml in all virulent virus
groups for 2 1 days except for JA 142-infected pigs
which had titers below that level. The levels of
viremia in the pigs inoculated with attenuated PRRSV
isolates were lower 415 than in pigs inoculated with
virulent field isolates. The group means of the
attenuated isolates peaked at titers over a log lower
than the peak of the lowest virulent group titer. The
Abst-1 isolate, with the exception of day 3 post
inoculation, was never re-isolated. Ingelvac(r) PRRS
MLV viremia fluctuated between 0.5 and 1.0
log]0TCID50/ml from days 7 to 28, and Ingelvac(r) PRRS
ATP varied between 0.4 and 1.2 log10 TCID50/ml from
days 7 to 28. Attenuated isolate 420 viruses were not
recovered from serum after day 28, and vims was
recovered from only two of the virulent field isolate
groups, the pool-infected andMN 184-infected pigs
through day 35 (also shown in Fig. 1). Nearly all pigs
were nonviremic by vims isolation at days 42 and 49.
Overall, the more virulent isolates were observed to
replicate faster and to higher titers in pigs than
were the attenuated isolates. Pigs infected with the
MN 184 isolate, in particular, 425 showed a very rapid
increase in vims replication beginning before day 3
and reaching a peak of over 4.5 log)0 TCID50/ml on day
7. After peaking, the MN 184 viremia steadily
decreased but still maintained a significantly higher
titer (t-test, p<0.05) than all other isolates on days
28 and 35. A similar trend was observed in all of the
remaining virulent groups, namely VR2332, JA 142, SDSU
73, and the pool (see, Fig. 1). Pigs infected with 17
198-6 followed the same general 430 trend described
for the MN 184 infected group but not as closely.
Groups of pigs administered the attenuated isolates
(Ingelvac(r) PRRS MLV, Ingelvac(r) PRRS ATP, and
Abst-1) followed a different trend. They showed a
moderate increase in viral titer beginning after day 3
that reached a peak between days 7 and 15 at a viral
titer more than a log less than any of the virulent
exposure groups and several orders of magnitude less
than the435 MN 184-infected group. The titers observed
in these attenuated exposure groups then declined to
zero on or before day 35 (See Fig. 1). When comparing
the group means after the second exposure, there is a
very steep increase in the viral titers of the
attenuated groups, whereas the virulent groups show a
smaller increase or no increase at all. For example,
Abst-1 had a titer of 3.76 logs seven days after the
second 440 exposure, whereas MN 184 had a titer of
zero. The other attenuated groups peaked three days
after the second exposure. The highest titer observed
in any virulent group after the second exposure was
1.32 logs seen three days after exposure in JA 142.
Virus quantification by Real Time RT-PCR Levels of
viremia were also determined by real time RT-PCR since
it was possible that 445 growth on CL2621 cells was
not the same for all isolates and because RT-PCR might
be a more sensitive measure than growth on cells for
viremia. As shown in Fig. 2, virulent exposure groups
showed a dramatic increase in average concentration on
day 1 and all groups peaked above 8 logs/ml between
days 7 and 15. The virulent exposure group
concentrations then gradually tapered off through the
next several weeks, reaching concentrations below 4
logs/ml by day 49. 450 The attenuated isolate exposure
groups showed a much less dramatic increase in
concentration that also began around day 1and the
average group titer never reached or exceeded 7
logs/ml (Fig. 2). The concentrations observed for the
attenuated exposure groups were maintained at
fluctuating levels showing a wide range in values in
the weeks following the exposure. The fluctuations
were primarily due to sporadically high values in a
single pig. The 455 three attenuated isolate exposure
groups all peaked on different days of the study. The
Ingelvac(r) PRRS MLV group peaked at a concentration
of 4.31 logs/ml on day 28, the Ingelvac(r) PRRS ATP
group peaked at 6.58 logs/ml on day 3, and the Abst-1
group peaked at 6.85 logs/ml on day 35, which was the
highest titer achieved by an attenuated isolate (Fig.
2). Additionally, theaverage concentration of the
virulent isolate groups were observed to be
significantly higher 460 (P<0.05) than the average
concentration of the attenuated isolate groups'on days
3 and 15, but on day 49 the average concentration of
the virulent isolate groups was significantly lower
(P<0.05) than that of the attenuated isolate groups.
HerdChek(r) PRRS ELISA 2XR As shown by Fig. 3, the
humoral immune response to PRRSV, as measured by 465
HerdChek(r) PRRS ELISA 2XR S/P ratios, showed that the
virulent isolate exposure group averages rose above
the 0.4 cutoff for a positive result on day 15. By
contrast, the attenuated isolate exposure group
averages were negative and all three groups remained
below 0.4 until after day 2 1. The Ingelvac(r) PRRS
MLV and Ingelvac(r) PRRS ATP groups showed positive
results on day 28, but the Abst-1 group did not show
an average S/P ratio over 0.4 until day 42. 470 In
comparing the humoral response of groups infected with
virulent isolates or the pool to groups inoculated
with attenuated isolates, it was clear that the
kinetics and magnitude of the antibody response was
associated with the level of viremia, particularly
between 14 and 35 days 



after infection. This observation is further supported
by the correlation between viremia levels and humoral
antibody responses determined bypaired comparisons of
HerdChek(r) PRRS ELISA 475 2XR S/P ratios to either
vims titration or RT-PCR. Figs. 4 and 5 show that the
humoral antibody response is closely associated with
viral load over the entire study period with a
correlation coefficient for virus titration and for
RT-PCR. These associations were highly significant
(p<0.0001 in each case). Moreover, attenuated isolates
show low antibody responses and viral loads, whereas
virulent isolates show high responses. 480 PRRSV
Protein-Specific ELISA To gain additional insight into
the relationship between differences in PRRSV inocula
and humoral immune responses, the antibody titers
against N, the major structural protein, andnsp 4 , an
essential but minor nonstructural protease, were
determined. Fig. 6a illustrates that the kinetics of
the nucleocapsid anti-N IgG response were nearly
identical in all groups of pigs, with 485 a peak titer
on day 2 8 followed by a sharp decline in the next
7-14 days, after which the levels were maintained or
rose slightly between days 42 and 49. The magnitude of
the response for each isolate was similar to that
found in the HerdChek(r) PRRS ELISA 2XR results, and
consistent with the levels of viremia. The lowest peak
titers at day 28 were observed in the groups
inoculated with attenuated isolates, and the 490
highest titer was attained in pigs infected with the
highly virulent JVTN 184 isolate. By day 4 9 the
anti-N titer was equivalent in all groups except for
MN 184 and the pool, suggesting that the humoral
response to MN 184 may b e qualitatively different.
Additionally, only 5 pigs survived to day 49 in each
of these two groups, which is reflected in the
increased standard error at day 49 in the MN 184
group. 495 As shown by Fig. 6b, the IgG response to
nsp 4 was substantially different than to N . No
anti-nsp 4 antibody was detected before day 21, the
overall response was much weaker, and no significant
response was detected in the groups receiving
Ingelvac(r) PRRS MLV and Abst-1. Moreover, the
magnitude of the anti-nsp 4 response was not
associated with level of viremia. The responses to VR
2332, JA 142, MN 184, and the pool were all
equivalent, with a peak at day 500 28, followed by a
decline at day 35, then rising again at day 42,
whereas the magnitude, time course and duration o f
viremia varied among these four groups. Fig. 7
illustrates that when examining the repeated measures
analysis, data for the nsp 4 ELISA compared to the Log
10 TCID 50/ml data, it can be seen that there is no
correlation between level of viremia and nsp 4 humoral
antibody response. There was also very little
secondary response following the second 505 exposure
on day 49 to isolate MN 184. Body weightThere was no
significant difference in the mean weight of any of
the groups on day 0 of the experiment (P = 0.099). On
day 49 pigs inoculated with the attenuated isolate
Abst-1 had the highest mean weight, which was
significantly higher then all other groups except for
the control 510 group (Table 3). Also, on day 49, the
mean weights of all the virulent isolate exposure
groups except for the 17198-6 group were significantly
lower than the control group (Table 3). The mean
weights of the attenuated isolate exposure groups
Ingelvac(r) PRRS MLV and Ingelvac(r) PRRS ATP and the
control group were statistically equivalent (Table 3).
5 15 Table 3. Average Body Weights. Isolate Dav O Day
4 VR 2332 6.38' 33.5b Ingelvac(r) PRRS MLV 6.56 34.6*
JA 142 6.42 32.7b 520 Ingelvac(r) PRRS ATP 6.24 35.0*
SDSU-73 6.59 32.9b Abst-1 6.69 39.4a MN 184 6.73 23.7C
17198-6 6.36 34.5* 525 Pool** 6.51 23.0c Control 6.48
38.4* 1 Weights are in kg. There were no significant
differences in mean wt at day 0. * Indicates
statistically equivalent weights among these groups on
day 49. ** Pool was a mixture containing all eight
isolates. 530 " Significantly greater than all groups
except the Control group (p<0.05). b Significantly
less than the Control group. c Significantly less than
all other groups. Cluneal Scores 535 Increases in
average clinical scores were observed in only four of
the virulent exposure groups: JA 142, SDSU 73, MN 184,
and the Pool. These higher scores were
maintainedthroughout the study while the remaining
groups, both virulent and attenuated exposures, had
essentially normal clinical scores for the duration of
the study. The only major cause of changes in the
average clinical scores observed in this study
occurred when one or more animals died in 540 the
associated treatment group (Table 4). Table 4.
Mortality of Pigs after Exposure roup Isolate
Mortality Dav(s) of Death(s) 545 1 VR 2332 0/10 N/A 2
Ingelvac(r) PRRS MLV 0/10 N/A 3 JA 142 1/10 = 10% 17 4
Ingelvac(r) PRRS ATP 0/10 N/A 5 SDSU 73 2/10 = 20% 9,
23 550 6 Abst-1 0/10 N/A 7 MN 184 5/10= 50% 14, 14,
17, 23, 4 1 8 17198-6 0/10 N/A 9 Pool** 5/10= 50% 12,
16, 17, 21, 2 1 JLQ Controls 2/10* 41, 48 555
Attenuated PRRSV 0/30 = 0% Virulent PRRSV 13/60 = 22%
All deaths in treatment groups were attributed to
moderate or severe non-suppurative interstitial
pneumonia due to PRRSV with secondary bacterial
infection. 560 * Deaths attributed to bacterial
pneumonia with no PRRS involvement. ** Pool was a
mixture containing all eight isolates. The severity of
clinical disease was highly associated with viral load
(p<0.001 for virus titration). As shown in Fig. 8, the
clinical scores were highest for the groups infected
565 with MN 184 and the Pool. Fifty percent of the
pigs in each group died, and virus titration indicated
that the level of infection was substantially higher
than for all other groups. The differences in viral
load as determined by RT-PCR were less marked (data
not shown) and thecorrelation of clinical signs with
viral load by RT-PCR was less than with virus
titration 



versus /-=0.803, respectively). The clinical scores in
group 10 (Control) increased after the death 570 of
two pigs from bacterial pneumonia. Both pigs were
shown to be PRRSV negative by immunohistochemical
staining of lung tissue, negative virus isolation and
real-time PCR analyses, and the complete lack of
seroconversion by HerdChek(r) PRRS ELISA 2XR or
proteinspecific ELISA. Later findings indicated that
various bacterial pathogens were present in animals
that died unexpectedly during the study these deaths
were likely attributed to secondary bacterial 575
infection (Table 5). Table 5. Cause of Mortality after
Exposure Pig # Group Cause of Death Dav of Death 993
JA 142 PPJRS & Streptococcus suis 17 580 948 Neg
Control Arcanobacterium pyogenes & Pasteurella
multocida 4 1 983 Neg Control A. pyogenes & P.
multocida 48 922 SDSU 73 PRRS and bacterial pneumonia*
9 918 SDSU 73 PRRS and Escherichia coli 23 973 MN 184
PRRS and ActinobaciHus suis , 14 585 992 MN 184 PRRS
and A. suis 14 980 MH 184 PRRS and E.coli 17 971 MN
184 PRRS and E.coli 23 958 MN 184 PRRS and E.coli 4 1
976 Pool PRRS and A. suis 12 590 970 Pool PRRS and V
S. suis 16 972 Pool PRRS and S. suis 17 995 Pool PRRS
and S. suis 2 1 969 Pool PRRS and A. pyogenes 21 ; The
diagnostic report indicated "bacterial pneumonia" with
no specific agent listed.595 Immunohistological
evaluation of lungs Although the mean IHC scores and
PRRSV lesions observed for individual groups were not
significantly different, a significant difference was
seen when comparing IHC scores according to virulence.
For mean IHC scores and PRRSC lesions see Fig. 9 and
Table 6. 600 Table 6 : Mean IHC Scores Based on
Virulence. * = Significant at p < 0.05 605 Discussion
One objective of this example was to examine various
PRRSV isolates with known levels of virulence to
determine if there was a relationship with in vivo
replication that could be used to predict the
virulence of PRRSV isolates without the necessity of
performing controlled challenge experiments.
Additionally, it was of interest to determine the
relationship between 610 isolate virulence, levels of
viremia, and the humoral antibody response. Finally,
it may be of interest to develop vaccines against the
PRRSV isolates that are found to be virulent using the
methods of the present invention. It would be a goal
to have such vaccines provide some degree of
protection against other virulent isolates; however,
such cross-effectiveness may not be universal for all
PRRSV isolates and further testing would be required.
However, it is clear that 615 the present invention
provides an effective tool for identifying prime
candidates for vaccine development. In order to test
PRRSV isolates under the same conditions it was
necessary to use dosages of licensed vaccines that
were below the minimum immunizing dose established
with the USDA and that were not representative of a
commercial dose. Also, the intranasal route of620
administration of the MLV vaccines used in the study
was not in accordance with the USDA label and was only
used to mimic a more natural exposure. The typical
commercial dose of the modified live PRRS vaccines
(Ingelvac PRRS and Ingelvac PRRS ATP) is much higher
than what was used in this experimental trial. These
experimentally low doses of modified live PRRS vaccine
do not represent the actual product dosage and form
used in the field and readily explains 625 the
reported serological response. Using a commercial dose
of vaccine, serological titers as measured via the
IDEXX assay would be detectable by day 14. In this
trial using titers of approximately 3 logs, this
serological response was delayed and lower. This was
to be expected, but was done to insure consistency of
titer administration between groups and to facilitate
the analysis and comparison between virulent and
attenuated isolates. Although not specifically 630
addressed in this Example, the effect of dose is
likely much more significant for an attenuated or less
virulent vims than it is for a virulent field virus
that can quickly grow in and be recovered at over 4
logs/ml in pig serum within 3-7 days of exposure. The
higher recommended intramuscular commercial dose gives
HerdChek(r) PRRS ELISA 2XR S/P ratios above the 0.4
cutoff by 14 days post vaccination which is one-half
the amount of time observed for the doses 635 , used
in this study (Roof et al., 2003). The nominal dose
used in this study, 2 x 103 TCID50 per animal, caused
50% mortality in groups that received isolate MN 184,
and anti-nucleocapsid responses in all groups. Higher
doses were not tested since excessive mortality in
groups challenged with highly virulent isolates would
have compromised the study objectives. In addition,
previous studies had shown no difference in clinical
signs and viremia in young pigs 640 inoculated with
PRRSV isolate VR2332 at doses of 102 , 101 2 and 10 2
TCID50 per animal. Both the Logl0 TCID50/ml and real
time RT-PCR results showed that the viremia levels
vary significantly among groups following PRRSV
exposure. This indicates that the growth rate of PRRSV
in pigs is a phenotypic characteristic of the virus
independent of possible variationin pig susceptibility
to infection. In addition, attenuation of PRRSV by
adaptation to growth on 645 CL2621 cells reduced not
only its ability to grow in pigs, but altered the
kinetics of viral replication so that peak viremia
occurred at later times. A similar observation was
also made by Chang et al. (2002), who showed that even
a limited period of cell culture passage of the
moderately virulent PRRSV isolate VR 2332 reduced
viral growth in pigs and delayed significantly the
time to peak viremia. However, a delayed time to peak
viremia is not diagnostic 650 for in vitro cell
culture passage or for attenuation, since the highly
virulent isolate 171 98-6 also showed a delayed time
to peak viremia. Overall, virulent isolates showed
substantially higher viremia levels in serum than did
attenuated isolates at equivalent doses of
inoculation. For example, the highest observed virus
titer in any of the attenuated isolate exposure groups
was 1.22 logs on day 15 in pigs given 655 Ingelvac(r)
PRRS ATP, whereas the lowest titer of any virulent
group on day 15 was 2.40 logs in the SDSU 73 group.
The peak of viremia at days 3-7 and the levels of
virus detected (all >3.5 logs/ml) was highly
consistent among virulentPRRSV isolates, thoughMN 184
was significantly greater in its magnitude and
duration, with virus titers still present on days 28
and 35. This supports the concept that highly virulent
PRRSV isolates replicate to a substantially higher
titer 660 in vivo than do attenuated or lowly virulent
isolates, but they do not establish a direct
quantitative relationship between level of virulence
and level or rate of in vivo growth among wild-type
PRRSV (Haynes et al. 1997). The groups showed a wide
variety of protection from the second exposure with
the MN 184 isolate. For example, there was no vims
detected in the MN 184 or 



pool group, both of which received the MN 184 isolate
initially. It can be seen that Abst-1 665 confers very
little protection following exposure toMN 184. These
observations further solidify the concept that
homologous exposure confers more protection than does
heterologous exposure.The homologous virulent exposure
was more protective and the heterologous virulent
exposure was less protective, but still more
protective than the heterologous attenuated exposure.
The real time RT-PCR results were statistically veiy
similar to the Log, 0 TCID50/ml 670 results,
indicating that both methods measure relative levels
of infectious virus among groups. The Pearson
correlation coefficient between the RT-PCR and Log,0
TClD5(/ml day 7 data was 0.89 and for the average real
time RT-PCR and Log10 TCID50/ml results was 0.88. The
concentration values determined by real time RT-PCR
may have been several orders of magnitude higher than
log10 TCID50/ml values for several reasons, including
differences between 675 the frequency of viral
particles containing the target amplicon and particles
that are fully infectious on CL2621 cells, and the
presence of neutralizing antibodies that could lower
infectivity (Dianzani et al., 2002). However,
neutralizing antibody is unlikely to account for the
difference, because it was observed at all time
points, including times before which an.anti- PRRSV
antibody response had been produced. 680 The copies/ml
values determined by real-time PCR were higher than
the infectious titer values measured in cell culture
by TCID50/ml. This is because a standard curve based
on the copies of genome of the virus is routinely used
for quantitative PCR which directly amplifies a
genomic sequence of the virus rather than known
infectious virions. Biologic assays such as cell
culture do measure the presence of infectivity,
however, they may not count all of the infectious 685
particles present in a preparation. Factors that could
affect the infectious titer such as cell culture
conditions and in vivo antibodies, which may
neutralize virus, have been observed in other studies,
underestimating the amount of infectious virus
measured in TCID50/ml in sera. Alternatively, some
non-infectious or replication-defective virus may be
present which would be reflected by higher copy
numbers.690 In general, the ELISA observations support
the concept that the magnitude of the humoral immune
response is related to the level of viral replication
during acute infection. The trend indicated in Figs. 4
and 5 illustrates this relationship. A slower and less
intense humoral immune response was triggered by the
cell-culture attenuated virus isolates, whereas a
faster and more intense humoral immune response was
triggered by the virulent isolates. In addition these
695 observations also demonstrate that at least two
factors, isolate type and infectious dose, impact
relative S/P ratio values in the HerdChek(r) PRRS
ELISA 2XR. Although the ELISA results shown in Fig. 3
indicate a clear positive or negative average group
response, it is important to note the variability
among individual animals. Some pigs within attenuated
virus groups were positive before day 21, and some
pigs in the virulent groups remained negative up to
day 21. 700 Analysis of specific antibody responses to
N and nsp 4 show that immune responses to PRRSV vary
in intensity independently of the inoculating isolate.
Antibody responses to the N protein in animals that
were inoculated with the highly virulent isolates MN
184 and JA 142 showed a trend similar to that of all
the isolates but to a higher magnitude. Pigs
inoculated with MN 184 and JA142 also had the highest
viral titers, as shown in Figs. 1 and 2. This
indicates 705 that the level of humoral immune
response may be related to the viral load in acute
infection as measured by viral titer. Interestingly,
the time course of response was the same in all
groups, even though the time to peak titer was delayed
for highly virulent isolate 17198-6 and the attenuated
isolates. The nsp 4 antibody response, by contrast,
was low at all of the time points and for all of the
isolates, both attenuated and virulent. The time
course of anti-nsp 4 response 710 was equivalent in
all of the groups despite differences in the time to
peak viral load among groups, as observed for the
anti-N antibody response. All pigs had low anti-nsp 4
responses as shown in Fig. 7.These observations
indicate that some of the PRRSV proteins elicit a more
robust response from the host immune system regardless
of exposure isolate virulence. However, the 715
observations also indicate that the magnitude of the
immune response to the more immunogenic proteins is
likely related to the virulence of the exposure
isolate, or the ability of the isolate to replicate in
vivo. It also is possible that differences in antibody
response might be due simply to genetic differences
among isolates that result in differences in antigenic
reactivity such that antibodies directed against N and
nsp 4 of other isolates do not react or react poorly
to the 720 recombinant proteins expressed from isolate
VR2332 that were used to coat the ELISA plates.
However, several lines of evidence suggest that the
observed differences in antibody levels reflect
immunologically relevant responses. IsolateMN 184
shows the greatest genetic difference from VR2332, as
detepnined by ORF 5 comparisons, yet has the highest
anti-N antibody response. Kapur et al. (1996) showed
previously that relative differences among PRRSV
isolates in one 725 open reading frame are also
present in other open reading frames. Additionally,
individual proteins contain conserved and nonconserved
regions (e.g. Kapur et al., 1996) and extensive
immunogenic reactivity may be directed toward the
conserved epitopes (Ostrowski et al., 2002).
Nevertheless, ELISA results based on antibody
reactions with purified PRRSV proteins may be affected
by genetic and antigenic variation, and these effects
must be considered. Refolding of 730 recombinant
proteins was performed, but no differences were
observed between ELISA plates coated with nonrefolded
or refolded proteins. It was noted that at
approximately 4 to 5 weeks after inoculation, a
relatively large decrease in the antibody response to
both the N and nsp 4 proteins occurred. A similar peak
of 1 to 2 weeks followed by a decline of antibody
reactivity was previously noted by Foss et al. 735
(2002) for GP5, the major envelope glycoprotein. Taken
together, these observations suggest that the response
to individual viral proteins likely does not represent
the full picture of the pig'simmune response to PRRSV
since the humoral immune response as measured bythe
HerdChek(r) PRRS ELISA 2XR does not show a similar
transient peak of antibody reactivity. ' Reduced
growth and mortality were the key correlates of
virulence and viral in vivo 740 growth rate. The lower
mean weight observed in the virulent isolate exposure
groups most likely reflected a difference in the
ability of a PRRSV isolate to replicate in vivo and
induce a more severe illness in the pig. These
observations are consistent with previously reported
data that PRRSV infection may cause anorexia with a 25
to 40 percent reduction in daily weight gain (Thacker,
2003). The clinical scores of animals exposed to the
virulent isolates showed rapid 745 increases shortly
after the inoculation, whereas there was virtually no
change in the scores of the attenuated virus exposure
animals. This increase in clinical signs was reflected
in the observed death rates of 50%, 20%, and 10% in
the virulent exposure groups receiving PRRS isolates
MN 184, SDSU 73, and JA 142, respectively. In
contrast, the attenuated exposure groups incurred no
deaths. The relationship between rapid viral growth
and viral pathogenesis under the same 750 conditions
of viral exposure were most evident in comparing the
groups exposed toMN 184 and Abst-1. The inoculation
titers were virtually the same, 4.10 logs/ml and 4.18
logs/ml, respectively, and yet, as indicated in Fig.
8, there were remarkable differences in the way the
two isolates affected pigs. The Abst-1 isolate was
nearly inert, it hardly replicated in vivo and caused
no clinical signs. By contrast, the MN 184 isolate
replicated to extremely high titers in vivo and 



755 caused severe clinical signs, resulting in the
death of 50% of exposed animals. Also notable, the
group of pigs exposed to the pool of all virus
isolates showed about the same virological, clinical,
and immunological responses as pigs exposed to MN 184.
This finding indicates that the most rapidly
replicating virus in a mixed infection is likely to
outcompete other isolates so that the net result is
essentially the same as an infection with the single
isolate having the highest growth 760 potential.The
notable in vivo differences between virulent and
attenuated PRRSV isolates shed light on the
relationship between the virulence of an isolate and
its in vivo growth and replication. When administered
at equivalent doses in pigs, the more virulent
isolates show LogI0 TCID50/ml titers and RT-PCR
concentrations that are exponentially higher than the
attenuated isolates. The 765 virulent isolates induce
a more rapid and intense humoral immune response. The
virulent isolates negatively affect weight gain and
induce higher death rates and more severe clinical
signs as compared to the attenuated isolates. In
conclusion, the example and tests in the present
application indicate that attenuated and virulent
PRRSV isolates induce remarkably different clinical
signs, as well as immune responses 770 that differ in
intensity. These differences are attributed to the
ability of the virus to replicate in vivo, a
phenotypic characteristic that can be measured
quantitatively in serum samples and may be developed
for predicting the virulence of PRRSV isolates.
EXAMPLE 2 775 This example provides several methods of
attenuating PRRS isolates as well as their inclusion
in immunogenic compositions. Materials and Methods: A
vaccine preparation is formulated incorporating a
modified or attenuated live virus for the 780
immunization of swine from infection by PRRS. The
PRRSV vims for the vaccine preparation is propagated
in the MA- 104 continuous cell line, preferably ATCC
No. CL2621 . The cell line is grown in flasks
containing MEM, to which is added 10% fetal calf
serum. The pH of the media is adjusted to
approximately 7.2, and incubated at approximately 37
C. The cells are then inoculated with the virus by
adding about 1 ml of a frozen inoculum to the fluid
media. The785 virus is allowed to absorb onto the
cells for 24 hours. At this time, the growth media is
changed to a maintenance media consisting ofMEM to
which has been added 4% fetal calf ser m, pH 7.6. The
environment is preferably between 35-37 C. The virus
is allowed to grow until 50% of the MA-1 04 cell sheet
is destroyed by the virus. The sample is then frozen
down, and prepared for passage onto another flask of
MA- 104 cells. This process is continued through 25
passages of 790 the virus in the cell line. The virus
is then propagated another 12 times at about 31 C. as
opposed to 35-37  C , using the same techniques as
described above. The 12th passage is frozen down in
small aliquots and designated as the Master Seed
Virus. The following sets forth the details of the
preferred method. I . Media: 795 a. Eagles Minimum
Essential Medium (MEM) from JRH Biosciences, #200-204
1 b. Fetal calf serum (FCS) from JRH biosciences c.
Growth media for cell planting-MEM+10% Fetal Calf
Serum d. Maintenance media-MEM 4% Fetal Calf Serum e.
Trypsin-Versene IX 800 f . Sodium Bicarbonate 5% or
saturated II. Tissue Culture: Cell line used: MA- 104
(African Green Monkey Kidney cells kept within 20
passage levels (passage 58-78) 805 III. Equipment:
75cm tissue culture flasks Incubator set at 35-37 C.
Incubator set at 3 C.Centrifuge IV. Method Used to
Attenuate PRRSV Virus Grown at 25-37 C. A. Preparation
of Tissue Culture Stock: 5 to 7 day old MA-1 04 75cm2
stock bottles are split 1:4 in the following manner: '
a. Pour off all media (50ml per bottle). b. Remove the
cell sheet using 10ml of Trypsin- Versene by
incubation at 37 C. for 5-10 minutes. c. Remove cells
from bottle and centrifuge 270xg for 5-10 minutes. d.
Decant supernatant and resuspend the cells in 5-1 0ml
of growth media (MEM 10% FCS). e. Put all cells into
200ml of MEM 10% FCS which is then dispensed into four
75cm bottles, 50ml per bottle for a 1:4 split. Bottles
are then kept at 35-37 C. until needed (can be done
also without CO2) . f . 3 or 4 day old bottles which
have formed a full cell sheet are now ready for use.
g. Adjust pH of 50ml of media in flask to 7.2 pH and
then add ImI of virus into media and put flask at
35-37 C. (can be done also without CO2) . h. After 24
hours, media is discarded and flask is refed with 50ml
of MEM 4% FCS 7.6 pH and put back at 35-37 C. i . 24
hours after this fluid change, CPE should be showing
and, when 50-60% holes are present in cell sheet,
freeze down. j . Thaw out above bottle and take 1ml of
this fluid and pass into new 75cm bottle as listed
above to make next passage of virus. This above
procedure is carried out for a total of 25 times,
grown at 35-37 C.Method Used to Attenuate PRRSV Virus
Grown at 3 1 C. Virus passed 25 times at 35-37 C. is
used to make passage 1 for virus grown at 3 1 C. A.
Preparation of Tissue Culture Stock: 835 5 to 7 days
old MA-104 75cm2 stock bottles are split 1:4 in the
following manner: a . Pour off all media (50ml per
bottle). b. Remove the cell sheet using 1OmI of
Trypsin-Versene by incubation at 37 C. for 5-10
minutes. c . Remove cells from bottle and centrifuge
270xg for 5-10 minutes. 840 d. Decant supernatant and
resuspend the cells in 5-1 0ml of growth media (MEM
10% FCS). e . Put all cells into 200ml of MEM 10% FCS
which is then dispensed into four 75cm bottles, 50ml
per bottle for 1:4 split. Bottles are then kept at
35-37 C. until needed (can be done also without CO ) .
845 f. 3 or 4 day old bottles which have formed a full
cell sheet are now ready for use. g. Adjust pH of 50ml
of media in flask to 7.2 pH and then add ImI of virus
into media and put flask at 3 1 C. (can be done also
without CO2) . h. After 24 hours, media is discarded
and flask is refed with 50ml of MEM 4% 



FCS 7.6 pH and put back at 31 C. 850 i . 24 hours
after this fluid change, CPE should be showing and,
when 50-60% holes are present in cell sheets, freeze
down. j . Thaw out above bottle and take ImI of this
fluid to make next passage of SIRS VR-2332 virus. This
above procedure is carried out for a total of 12 times
at 3 1 C. The 12th passage of 31 855 C. grown vims is
designated Master Seed Virus for vaccine
production.Attenuation of PRRS virus by Gene Deletion
One skilled in the art may attenuate PRRSV through the
conventional method of gene deletion. Generally, this
method involves the deletion of a gene which codes for
the virulent 860 phenotypes of the virus. Such a
method may be adapted from of such references as
Elbers et al. (U.S. Pat. App. No. 20020012670) or
Schall et al (U.S. Pat. No. 6,740,324), the teachings
and content of which are incorporated by reference
herein. Attenuation of PRRS virus by
Temperature-Sensitive Mutation 865 One skilled in the
art may also attenuate PRRSV through the conventional
method of temperature sensitive mutation. Generally,
this method involves causing a mutation that limits
the temperature range in which the virus is active.
For example, the method of Skiadopoulos et al.,
"Identification of Mutations Contributing to the
Temperature-Sensitive, Cold-Adapted, and Attenuation
Phenotypes of the Live-Attenuated Cold-Passage 45
(cp45) Human Parainfluenza 870 Virus 3 Candidate
Vaccine", 73 No. 2Journal of Virology 1374, (February
1999) may be adapted for use with PRRSV. The teachings
and content of Skiadopoulos et al. are incorporated by
reference herein. Attenuation of PRRS virus by
Generation of an Infectious Clone 875 One skilled in
the art may also attenuate PRRSV through the
conventional method of generating an infectious clone.
This method generally involves the creation of a
full-length cDNA clone of the desired viral genotype,
said clone also being virulent in the target animals.
For example, the method of Nielson et al., "Generation
of an Infections Clone of VR-2332, a Highly Virulent
North American-Type Isolate of Procine Reproductive
and Respiratory880 Syndrome Virus", 77 Journal of
Virology 3702 (Mar. 2003), may be adapted for an
attenuated version of PRRSV. The teachings and content
of Nielson et al. are incorporated by reference
herein. Attenuation of PRRS virus by Gene Insertion
885 One skilled in the art may also attenuate PRRSV
through the conventional method of gene insertion.
This method generally involves the insertion of a gene
within the virus which inhibits the pathogenic
phenotypes of said virus. For example, the method of
Schall et al. (U.S. Pat. No. 6,740,324) maybe adapted
for such an attenuated version of PRRSV. The teachings
and content of Schall et al. are incorporated by
reference herein. 890 Attenuation of PRRS virus by
Substitution ' One skilled in the art may also
attenuate PRRSV through the conventional methods of
codon and base-pair substitution. Generally, codon or
base-pair substitution involves substituting a codon
or base-pair with a different codon or base-pair such
that the viral gene now codes for a 895 protein which
limits the pathogenicity of the virus. For example,
the method of codon substitution of McAuliffe et al.,
"Codon Substitution Mutuations at Two Positions in the
L Polymerase Protein of Human Parainfluenza Virus Type
1 Yield Viruses with a Spectrum of Attenuation In Vivo
and Increased Phenotypic Stability In Vitro", 78
Journal ofVirolog\>2029 (February 2004) may be adapted
to create a gene substitution method for attenuating
PRRSV. 900 Also, Hurrelbrink and McMinn, "Attenuation
of Murray Valley Encephalitis Virus by Site- Directed
Mutagenesis of the Hinge and Putative Receptor-Binding
Regions of the Envelope Protein", 75 Journal of
Virology 7692 (August 2001) and Elbers et al. (US Pat.
App. No. 20020012670) provide methods of base-pair
substitution that may be adapted to create
anattenuated PRRSV isolate. The teachings and content
of McAuliffe et al., Hurrelbrink and 905 McMinn, and
Elbers et al. are incorporated by reference herein.
Attenuation of PRRS virus by Use of Chimeric PRRS
Constructs One skilled in the art may also attenuate
PRRSV through the conventional method of chimeric
constructs. Generally, a chimeric construct is one
that contains genes from different 910 species in
order to induce an antigenic response in a host cell.
For example, such a construct may be created by
adapting the method of Harris et al . (U.S. Pat. App.
No. 20040157307) to create a chimeric construct with
PRRS genes. Incorporation of attenuated PRRS isolates
into immunogenic compositions: 915 After new isolates
are attenuated, preferably by one of the methods noted
above, the attenuated isolates can be incorporated
into compositions effective at providing an immune
response against virulent isolates of PRRS. In
preferred forms, such compositions will provide an
animal receiving an effective amount of the
composition, protective immunity agains PRRS ,
infection. Such protective immunity will reduce the
severity of clinical signs of PRRS infection 920 in
vaccinated animals that are subsequently exposed to or
infected by a virulent PRRS isolate. Preferably, such
clinical signs will be prevented by the administration
of an effective amount of the immunogenic composition
or vaccine. In some forms, the attenuated PRRS
isolates will be used to produce a modified live virus
vaccine, in which the attenuated isolates are used in
their live state in the immunogenic compositions. n
other forms, the attenuated isolates will be killed
925 or inactivated prior to their incorporation into
immunogenic compositions. ReferencesThe teachings and
content of each of the following references are
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method of predicting the virulence of a PRRS virus
isolate of unknown virulence, comprising the steps of
administering a quantity of said PRRS virus isolate
into PRRSfree swine, allowing the virus to replicate
in said swine for a period of from about 3-15 days,
1030 measuring the rate of virus growth and/or the
magnitude of viremia during said period, and comparing
said rate of growth or viremia magnitude with the rate
of growth and/or viremia magnitude of a PRRS virus
isolate of known virulence as a predictor of virulence
of the PRRS isolate of unknown virulence. 2. The
method of claim 1, said period being between from
about 3 to 7 days. 1035 3. The method of claim 1,
including the step of measuring the magnitude of
viremia during said period, and comparing such
magnitude with the viremia magnitude of said known
PRRS virus isolate. 4. The method of claim 1, said
quantity of administered virus being similar 



to the amount an animal would receive by natural
exposure. 1040 5. The method of claim 1, said PRRS
virus being adminstered by a method selected from the
group consisting of oral, intranasal, intramuscular,
intra-lymph node, intradermal, intraperitoneal,
subcutaneous, and combinations thereof. 6. The method
of claim 1, said rate of growth or viremia magnitude
being measured in a biological sample from said swine.
1045 7. The method of claim 1, said viremia being
measured by Log)0 TCID50/ml, reverse
transcriptase-polymerase chain reaction, PRRS specific
ELlSA, PRRS protein-specific ELISA, and combinations
thereof. 8. The method of claim 1, further including
the step of observing said swine for clinical signs of
PRRS infection after administration of said PRRS
isolate.1050 9. The method of claim 8, said clinical
signs including respiratory signs, behavior, coughing,
and combinations thereof. 10. The method of claim 1,
further including the step of predicting that the PRRS
isolate will be of high virulence when its rate of
growth or viremia magnitude are similar to that of a
isolate with high virulence. 1055 11. The method of
claim 1, further including the step of predicting that
the PRRS isolate will be of low virulence when its
rate of growth or viremia magnitude are similar to
that of a isolate of low virulence. 12. The method of
claim 1, said administered amount of PRRS virus being
up to about 5 ml of inocula having a viral
concentration of up to 5.0 Log10 TCID50/ml. 1060 13.
An immunogenic composition comprising an attenuated
PRRS virus isolate and a pharmacologically compatible
carrier, said attenuated isolate being selected, from
the group consisting of Abst-1 , and attenuated forms
of a PRRS virus predicted to be virulent by the method
of claim 1. 14. The composition of claim 13, said
attenuated isolate being Abst-1 . 1065 15. The
composition of claim 13, said PRRS virus predicted to
be virulent by the method of claim 1being selected
from the group consisting of ATCC VR-2332, ATCC PTA-
6504, ATCC PTA-6319, ATCC PTA-6321, and ATCC PTA-6322.
1070 16. A method of selecting a PRRS virus isolate
for attenuation and inclusion in an immunogenic
composition comprising the steps of: a) obtaining a
PRRS isolate of unknown virulence; b) administering a
quantity of said PRRS virus isolate into a PRRS-free
swine;c) allowing said isolate to replicate in the
swine for a period of from about 3-15 1075 days; d)
measuring the rate of virus growth and/or the
magnitude of viremia during said period; e) 'comparing
said rate of growth' or viremia magnitude with the
rate of growth and/or viremia magnitude of a PRRS
virus isolate of known virulence; and 1080 f)
selecting an isolate for attenuation and inclusion
into an immunogenic composition based on its rate of
growth and/or its viremia magnitude in comparison to
isolates of known virulence. 17. The method of claim
16, step (f) further including the step of selecting
an isolate 1085 having a similar rate of growth and/or
viremia magnitude to a highly virulent isolate. 18.
The method of claim 16, further including the step of
attenuating the selected virus. 1090 19. The method of
claim 18, said virus being attenuated by a method
selected from the group consisting of repeated serial
passage in cell culture, gene insertion, gene
switching, gene deletion, base-pain substitution, and
temperature-sensitive mutation. 20. The method of
claim 18, further including the step of incorporating
said selected 1095 virus in an immunogenic
composition. 


