
SULFONYL SUBSTITUTED 1H-INDOLES AS LIGANDS FOR THE 5-
HYDROXYTRYPTAMINE RECEPTORS FIELD OF THE INVENTION The
present invention is directed to compounds that are
modulators of the 5- hydroxytryptamine-6 receptor,
pharmaceutical compositions thereof, and methods of
using the same. The present invention is also directed
to compounds that are modulators of the
5-hydroxytryptamine-2A receptor, pharmaceutical
compositions thereof, and methods of using the same.
The present invention is also directed to compounds
that are norepinephrine reuptake inhibitors,
pharmaceutical compositions thereof, and methods of
using the same. BACKGROUND OF THE INVENTION Serotonin
(5-hydroxytryptamine) (5-HT) receptors play a critical
role in many physiological and behavioral functions in
humans and animals. These functions are mediated
through various 5-HT receptors distributed throughout
the body. There are now approximately fifteen
different human 5-HT receptor subtypes that have been
cloned, many with well-defined roles in humans. One of
the most recently identified 5-HT receptor subtypes is
the 5-HT6 receptor, first cloned from rat tissue in
1993 (Monsma, F. J.; Shen, Y.; Ward, R. P.; Hamblin,
M. W. Molecular Pharmacology 1993, 43, 320-327,
incorporated herein by reference in its entirety) and
subsequently from human tissue (Kohen, R.; Metcalf, M.
A.; Khan, N.; Druck, T.; Huebner, K.; Sibley, D. R.
Journal of Neurochemistry 1996, 66, 47-56, both of
which are incorporated herein by reference in their
entireties). The receptor is a G-protein coupled
receptor (GPCR) positively coupled to adenylate
cyclase (Ruat, M.; Traiffort, E.; Arrang, J-M.;
Tardivel-Lacombe, L.; Diaz, L.; Leurs, R.; Schwartz,
J-C. Biochemical Biophysical Research Communications
1993, 193, 268-276, incorporated herein by reference
in its entirety) The receptor is found almost
exclusively in the central nervous system (CNS) areas
both in rat and in human. In situ hybridization
studies of the 5-HT6 receptor in rat brain using mRNA
indicate principal localization in the areas of 5-HT
projection including striatum, nucleus accumbens,
olfactory tubercle, and hippocampal formation (Ward,
R. P.; Hamblin, M.W.; Lachowicz, J. E.; Hoffman, B.
J.; Sibley, D. R.; Dorsa, D. M. Neuroscience 1995, 64,
1105-1 111, incorporated herein by reference in its
entirety). There are many potential therapeutic uses
for 5-HT6 ligands in humans based on direct effects
and on indications from available scientific studies.
These studies include the localization of the
receptor, the affinity of ligands with known in vivo
activity, and various animal studies conducted so far.
One potential therapeutic use of modulators of 5-HT6
receptor function is in the enhancement of cognition
and memory in human diseases such as Alzheimer's
disease. The high levels of receptor found in
important structures in the forebrain, including the
caudate/putamen, hippocampus, nucleus accumbens, and
cortex suggest a role for the receptor in memory and
cognition since these areas are known to play a vital
role in memory (Gerard, C ; Martres, M.-P.; Lefevre,
K.; Miquel, M.C.; Verge, D.; Lanfumey, R.; Doucet, E.;
Hamon, M.; El Mestikawy, S. Brain Research, 1997, 746,
207-219, incorporated herein by reference in its
entirety). The ability of known 5-HT6 receptor iigands
to enhance cholinergic transmission also supported the
potential cognition use (Bentley, J. C ; Boursson, A.;
Boess, F. G.; Kone, F. C ; Marsden, C. A.; Petit, N.;
Sleight, A. J. British Journal of Pharmacology, 1999,
126(7), 1537-1542, incorporated herein by reference in
its entirety). Studies have found that a known 5-HT6
selective antagonist significantly increased glutamate
and aspartate levels in the frontal cortex without
elevating levels of noradrenaline, dopamine, or 5-HT.
This selective elevation of neurochemicals known to be
involved in memory and cognition strongly suggests a
role for 5-HT6 ligands in cognition (Dawson, L A.;
Nguyen, H. Q.; Li, P. British Journal of Pharmacology,
2000, 130(1), 23-26, incorporated herein by reference
in its entirety). Animal studies of memory and
learning with a known selective 5-HT6 antagonist found
some positive effects (Rogers, D. C ; Hatcher, P. D.;
Hagan, J. J. Society of Neuroscience, Abstracts 2000,
26, 680, incorporated herein by reference in its
entirety). Further support for the role of a selective
5-HT6 ligand in cognition can be found in Woolley, M.
L.; Marsden, C. A.; Sleight, A. J.; and Fone, K. G.
F., Psychopharmacology, 2003, 170(4), 358-367,
incorporated herein by reference in its entirety. A
related potential therapeutic use for 5-HT6 ligands is
the treatment of attention deficit disorders (ADD,
also known as Attention Deficit Hyperactivity Disorder
or ADHD) in both children and adults. Because 5-HT6
antagonists appearto enhance the activity of the
nigrostriatal dopamine pathway and because ADHD has
been linked to abnormalities in the caudate (Ernst, M;
Zametkin, A. J.; Matochik, J. H.; Jons, P. A.; Cohen,
R. M. Journal of Neuroscience 1998, 18(15), 5901-5907,
incorporated herein by reference in its entirety),
5-HT6 antagonists may attenuate attention deficit
disorders. Early studies examining the affinity of
various CNS ligands with known therapeutic utility or
a strong structural resemblance to known drugs
suggests a role for 5-HT6 ligands in the treatment of
schizophrenia and depression. For example, clozapine
(an effective clinical antipsychotic) has high
affinity for the 5-HT6 receptor subtype. Also, several
clinical antidepressants have high affinity for the
receptor as well and act as antagonists at this site
(Branchek, T. A.; Blackburn, T. P. Annual Reviews in
Pharmacology and Toxicology 2000, 40, 319-334,
incorporated herein by reference in its entirety).
Further, recent in vivo studies in rats indicate 5-HT6
modulators may be useful in the treatment of movement
disorders including epilepsy (Stean, T.; Routledge, C
; Upton, N. British Journal of Pharmacology 1999, 127
Proc. Supplement 131 P and Routledge, C ; Bromidge, S.
M.; Moss, S. F.; Price, G. W.; Hirst, W.; Newman, H.;
Riley, G.; Gager, T.; Stean, T.; Upton, N.; Clarke, S.
E.; Brown, A. M. British Journal of Pharmacology 2000,
130(7), 1606-1612, each of which is incorporated
herein by reference in its entirety). Taken together,
the above studies strongly suggest that compounds
which are 5-HT6 receptor modulators, i.e. ligands, may
be useful for therapeutic indications including: the
treatment of diseases associated with a deficit in
memory, cognition, and learning such as Alzheimer's
and attention deficit disorder; the treatment of 



personality disorders such as schizophrenia; the
treatment of behavioral disorders, e.g., anxiety,
depression and obsessive compulsive disorders; the
treatment of motion or motor disorders such as
Parkinson's disease and epilepsy; the treatment of
diseases associated with neurodegeneration such as
stroke and head trauma; or withdrawal from drug
addiction including addiction to nicotine, alcohol,
and other substances of abuse. Another of the
5-hydroxytryptamine receptors, the 5-HT2A receptor,
has also been found to be important in a number of
areas, including the regulation of the cardiovascular
and central nervous systems, and the control of body
temperatureand vasomotor symptoms. Consistent with
this receptor's involvement with regulation of the
central nervous system, modulators of the 5-HT 2A
receptor may be beneficial in the treatment of
neurological conditions such as schizophrenia, tardive
dyskinesia, depression, suicidality, anxiety, panic
disorder, obsessive-compulsive disorder, sleep
disorders such as insomnia, eating disorders such as
anorexia nervosa and dependency or acute toxicity
associated with certain psychotomimetic agents such as
LSD or MDMA (de Angelis, L. Current Opinion in
Investigational Drugs 2002, 3(1), 106; Meltzer, H. Y.
Neuropsychopharmacolgy 1999, 21, 106S; Leysen, D.;
Linders, J. T. M.; Ottenheijm, H. C. J. Current
Pharmaceutical Design 1997, 3, 367, each of which is
incorporated herein by reference in its entirety).
Additionally, recent in vivo studies also have
suggested the use of 5-HT2A modulators for treating
inflammatory or neuropathic pain (Nishiyama T.
European Journal of Pharmacology 2005, 516, 18;
Nitanda, A.; Yasunami, N.; Tokumo, K.; Fujii, H.;
Hirai, T.; Nishio, H. Neurochemistry International
2005, 47(6), 394, each of which is incorporated herein
by reference in its entirety). In addition to its
importance to the nervous system, the 5-HT2A receptor
is also found in the cardiovascular system. Hence,
compounds with 5-HT2A modulatory activity have benefit
for the prophylaxis or treatment of cardiovascular
conditions including coronary artery disease,
myocardial infarction, transient ischemic attack,
angina, atrial fibrillation, reducing platelet
aggregation and reducing the risk of blood clot
formation. (Doggrell, S. A. Expert Opinion on
Investigational Drugs 2003, 12(5), 805, incorporated
herein by reference in its entirety). Additionally,
recent reports have identified a function for the
5-HT2A receptor in temperature regulation
(Mazzola-Pomietto, P.; Aulakh, C. S.; Wozniak, K. M.;
HiII J. L.; Murphy, D. L. Psychopharmacolgy 1995, 117,
193, incorporated herein by reference in its
entirety). Accordingly, 5-HT2A receptor antagonists
have been effective in preventing the development of
hyperthermia in animal models of serotonin syndrome
(Nisijima, K.; Yoshino, T.; Yui, K.; Katoh, S. Brain
Research 2001 , 890, 23, incorporated herein by
reference in its entirety). Further, it has been
hypothesized that the 5-HT2A receptor plays a key role
in the occurrence of hot flushes and night sweats
following menopause (Berendsen H. H. G., Maturitas,
2000, 36, 155, incorporated herein by reference in its
entirety). Studies have shown that a low blood
estrogen level correlates with a highconcentration of
the 5-HT2A receptor subtype on blood platelets
(Biegon, A. Effects of steroid hormones on the
serotonergic system. In: Whitaker-Azmitia, P. M.;
Peroutka S. J. editors. The Neuropharmacology of
Serotonin. 1990, 427-34, incorporated herein by
reference in its entirety) and an upregulation of
central 5-HT2A receptors (Fink G.; Sumner B. E. H.
Nature, 1996, 383, 306, incorporated herein by
reference in its entirety). The 5-HT2A and 5-HT2C
receptor antagonist, mirtazapine, was effective in
reducing the frequency and intensity of hot flushes
(Waldinger M. D.; Berendsen, H. H. G.; Schweitzer, D.
H. Maturitas, 2000, 36, 165, incorporated herein by
reference in its entirety). Similarly, the 5-HT2A
receptor antagonist mianserin also had efficacy in
treating hot flushes (Takagi S.; Yanagisawa, Y.
Sanfujinka No Sekai (World Obstet Gynecol) 1986, 36,
853, incorporated herein by reference in its
entirety), it has also been reported that the
combination of a norepinephrine reuptake inhibitor
with a 5-HT2A receptor antagonist results in enhanced
activity in animal models of thermoregulatory
dysfunction (Deecher D. C ; Merchenthaler, I. J. WO
2004/035036, incorporated herein by reference in its
entirety). Besides the attention in the scientific
community to modulators of the 5-HT receptors, there
is also a growing interest in developing new
inhibitors of the norepinephrine reuptake. It has been
hypothesized that norepinephrine reuptake inhibitors
have benefit in the treatment of conditions associated
with norepinephrine dysfunction and include, for
example, vasomotor symptoms (VMS), major depressive
disorder, sexual dysfunction, gastrointestinal and
genitourinary disorders, chronic fatigue syndrome,
fibromyalgia syndrome, diabetic neuropathy, nervous
system disorders, and stress and urge urinary
incontinence, attention deficit disorder, and pain
including chronic pain, neuropathic pain and
antinociceptive pain. (Zhou, J. Drugs of the Future
2004, 29(12), 1235, incorporated herein by reference
in its entirety). Due to the large number of people
afflicted by the disorders related to the 5- HT6 and
5-HT2A receptors and to norepinephrine reuptake, there
is a need to develop new compounds, methods, and
pharmaceutical compositions to treat and alleviate
these conditions. This invention addresses these needs
and others. SUMMARY OF THE INVENTION The present
invention provides compounds of Formula I:or
pharmaceutically acceptable salts or prodrugs thereof,
wherein: A is C2-5 alkylene, C2-5 alkenylene, or C2-5
alkynylene, wherein each is optionally substituted
with 1, 2, 3, or 4 independently selected RA groups;
R1 is C1-6 alkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloaikylalkyl, heterocycloalkylalkyl,
arylalkyl, or heteroarylalkyl, wherein each is
optionally substituted by 1, 2, 3, or 4 independently
selected R1a groups; each R2 is, independently, a
bond, O, S, C(O), C(O)O, C(O)N(R2 ), OC(O)N(R2a) ,
S(O), S(O)2, S(O)N(R2 ), S(O)2N(R2 ) , or N(R2a) ; R3
is H, C1-6 alkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloaikylalkyl, heterocycloalkylalkyl,
arylalkyl, or heteroarylalkyl, wherein said Ci-6
alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloaikylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl are each optionally substituted by 1,
2, 3, or 4 independently selected R3a groups; R4 is H,
C1-6 alkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloaikylalkyl, 



heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein said C1 6 alkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloaikylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl
are each optionally substituted by 1, 2, 3, or 4
independently R4a groups; R5 is H, C1-IOalkyl, C 0
haloalkyl, C2-i o alkenyl, C2-io alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloaikylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein said C1-I0 alkyl, C 10 haloalkyl, C2-10
alkenyl, C2-10 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloaikylalkyl,
heterocycloalkylalkyl, arylalkyl, and heteroarylalkyl
are each optionally substituted with 1, 2, 3, or 4
independently selected R5a groups; R6 is H, C1-10
alkyl, C1-10 haloalkyl, C2-10 alkenyl, C2-10 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloaikylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl, wherein said C1-10 alkyl, C1-10
haloalkyl, C2-10 alkenyl, C2-10 alkynyl,cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, and heteroarylalkyl
are each optionally substituted with 1, 2, 3, or 4
independently selected R6a groups; or R5 and R6,
together with the N atom to which they are attached,
form a 3-, 4-, 5-, 6- 7- or 8-membered
heterocycloalkyl ring or 5-, 6-, 7- or 8-membered
heteroaryl ring, wherein said heterocycloalkyl ring
and said heteroaryl ring are each optionally
substituted with 1, 2, 3, or 4 independently selected
R8 groups; each R7 is, independently, H, halogen, CN,
NO2, C1-e alkyl, C1-6 haloalkyl, C2-6 alkenyl, C2-6
alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, or heteroarylalkyl, wherein said Ci-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, and heteroarylalkyl
are each optionally substituted by 1, 2, 3, or 4
independently selected R7a groups; each R8 is,
independently, halogen, CN, NO2, C1-6 alkyl, Ci-6
haloalkyl, C2.6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR8b, SR8b, C(0)R 8b, C(O)NR8eR81, C(O)OR8c, OC(O)R8b,
OC(O)NR 8eR8f , NR8eR8f, NR8bC(O)R8c, NR8bC(O)OR8c,
S(O)R8d, S(O)NR8eR8f , S(O)2R8c, NR8bS(O)2R8c, or
S(O)2NR8eR8 , wherein said C1-6 alkyl, C1-6 haloalkyl,
C2 6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, and heteroarylalkyl
are each optionally substituted with 1, 2, 3, or 4
independently selected R8a groups; each RA is,
independently, halogen, CN, NO2, C1-6 alkyl, C1-6
haloalkyl, C2-6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
ORAb, SRAb, C(O)RAb, C(O)NRAeRAf , C(O)ORAc, OC(O)RAb,
OC(O)NR AeRAf , NRAeRAf, NRAbC(O)RAc, NRAbC(O)ORAo,
S(O)RAd, S(O)NRAeRAf, S(O)2RAc, NRAbS(O)2RAc, or
S(O)2NRAeRAf ; each RAb, RAc, RAe, and RAf is,
independently, H, d .6 alkyl, C1-6 haloalkyl, C2 6
alkenyl, C2.6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each RAd is, independently, Ci-6 alkyl, Ci-6
haloalkyl, C2.6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any RAe and RA , together with the N atom to which
they are attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R1a is, independently,
halogen, CN, NO2, Ci-6 alkyl, C1-6 haloalkyl, C2 6
alkenyl, Ca.8 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR1b , SRl b, C(O)R1b , C(O)NR1eR1f , C(O)OR 1c ,
OC(O)R1b, OC(O)NR 1eR1f , NR1eR1f , NR1bC(O)Rl c,
NR1bC(O)ORl c, S(O)R l d, S(O)NR1 R11, S(O)2R1c ,
NR1bS(O)2R1, or S(O)2NRl eR1 ; each R1b, R1c , R1s ,
and R1f is, independently, H, Ci 6 alkyl, C1 6
haloalkyl, C2.6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each Rl d is, independently, C1-6 alkyl, Ci-
haloalkyl, C2 6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any R1e and R1 , together with the N atom to which
they are attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R2a is, independently, H,
C1-6 alkyl, C1 haloalkyl, C2.6 alkenyl, C2.s alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl, wherein said C1-6 alkyl, C2.6
alkenyl, C2-6 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl and heterocycloalkylalkyl are each
optionally substituted with 1, 2, 3, or 4
independently selected R2b groups; each R2b is,
independently, halogen, CN, NO2, OH, C1-6 alkyl, C1-6
haloalkyl, C1-6 alkyloxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy, C2-6
alkenyl, C2-6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each R3a is, independently, halogen, CN, NO2, C1-6
alkyl, C1-6 haloalkyl, C2-6 alkenyl, C2-6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl,
heteroarylalkyl, 0 R3b , SR3b, C(O)R3b, C(O)NR3eR3 ,
C(O)OR 3c, OC(O)R3b, OC(O)NR3eR3f , NR3eR3f,
NR3bC(O)R3c, NR3bC(O)OR3c, S(O)R3d, S(O)NR3eR3f,
S(O)2R3 , NR3bS(O)2R3c, or S(O)2NR3eR3f ; each R3b,
R3c, R3e, and R3f is, independently, H, C1 6 alkyl,
C1-6 haloalkyl, C2-6 alkenyl, C2.6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl;each R3d is, independently, C1-6
alkyl, C1* haloalkyl, C2-6 alkenyl, C2 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl; or any R3e and R3 , together with the
N atom to which they are attached, form a A-, 5-, 6-
or 7-membered heterocycloalkyl group; each R4a is,
independently, halogen, CN, NO2, Ci-6 alkyl, Ci-6
haloalkyl, C2-6 alkenyl, C2 6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR4b, SR4b, C(O)R4b, C(O)NR4eR4 , C(O)OR 4c, OC(O)R
4b, OC(O)NR4eR4f , NR4eR4f , NR4bC(O)R4, NR4bC(O)OR4c
, S(O)R4d, S(O)NR 4eR4f , S(O)2R4c, NR4bS(O)2R4c, or
S(O) 2NR4eR4f ; 



each R4b, R4c, R4e, and R4f is, independently, H, C1*
alkyl, Ci haloalkyl, C2.6 alkenyl, C2-6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl; each R4d is, independently, C1*
alkyl, C1* haloalkyl, C2-6 alkenyl, C2 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl; or any R4e and R4f , together with
the N atom to which they are attached, form a 4-, 5-,
6- or 7-membered heterocycloalkyl group; each R5a is,
independently, halogen, CN, NO2, C1* alkyl, Ci 6
haloalkyl, C2* alkenyl, C2* alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR5\ SR5b, C(O)R5b, C(O)NR5eR51, C(O)OR 50, OC(O)R 5b,
OC(O)NR5eR5f , NR5eR5f, NR5bC(O)R5c, NR5bC(O)OR5c,
S(O)R5d , S(O)NR 5eR5 , S(O)2R50, NR5bS(O)2R5, or S(O)
2NR5eR5f ; each R5b, R50, R5e, and R5f is,
independently, H, C1* alkyl, C1-6 haloalkyl, C2*
alkenyl, C2* alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein said C1* alkyl, C1* haloalkyl, C2* alkenyl,
C2* alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, and heteroarylalkyl is optionally
substituted with 1, 2, 3, or 4 independently selected
R5' groups; each R5d is, independently, Ci* alkyl, G1*
haloalkyl, C2* alkenyl, C2* alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein each is optionally substituted with 1, 2, 3,
or 4 independently selected R5' groups;or any R5e and
R5 , together with the N atom to which they are
attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R6a is, independently,
halogen, CN, NO2, Ci-6 alkyl, C1-6 haloalkyl, C2.6
alkenyl, C2-6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR6b, SR6b, C(O)R6b, C(O)NR6eR6f , C(O)OR6c, OC(O)R6b,
OC(O)NR6eR6 , NR6eRm, NR6bC(O)R6, NR6bC(O)OR6c,
S(O)R6d , S(O)NR6eR6f , S(O)2R60, NR6bS(O)2R6c , or
S(O)2NR6eR6 , each R6b, R6c, R6e, and R6f is,
independently, H, Ci-6 alkyl, C1-6 haloalkyl, C2.6
alkenyl, C2.6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein said C1-6 alkyl, Ci-6 haloalkyl, C2 6 alkenyl,
C2-6 alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, and heteroarylalkyl is optionally
substituted with 1, 2, 3, or 4 independently selected
R6' groups; each R6d is, independently, C1 alkyl, C1 6
haloalkyl, C2-6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein each is optionally substituted with 1, 2, 3,
or 4 independently selected R6 groups; or any R6e and
R6f , together with the N atom to which they are
attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R5' and R6' is,
independently, halogen, CN, NO2, C1-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, Ci -6 haloalkyl, C1-6 alkyloxy,
cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, or heteroarylalkyl; each R7a is,
independently, halogen, CN, NO2, Ci-6 alkyl, C1-6
haloalkyl, C2.6 alkenyl, C2 6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl, 0
R7b, SR7b, C(O)R7b, C(O)NR7eR7f , C(O)OR7c, 0C(0)R 7b,
OC(O)NR7eR7f , NR7eR7f, NR7bC(O)R7c, NR7bC(O)OR7c,
S(O)R7d , S(O)NR7eR7f , S(O)2R70, NR7bS(O)2R7c , or
S(O)2NR7eR7f ; each R7b, R70, R7e , and R7Ms,
independently, H, d -b alkyl, C haloalkyl, C2.6
alkenyl, C2.6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each R7d is, independently, C1 alkyl, C1 6 haloalkyl,
C2-6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any R7e and R7 , together with the N atom to which
they are attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R8a is, independently,
halogen, CN, NO2, Ci-6 alkyl, C1 6 haloalkyl, C2-6
alkenyl, C2-6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR8b' , SR8b', C(O)R8b' , C(O)NR8e R8f , C(O)OR 80' ,
OC(O)R8b' , OC(O)NR8e'R8 , NR8e'R8f' , NR8b'C(O)R8o> ,
NR8b'C(O)OR8', S(O)R8d' , S(O)NR8e'R8f , S(O)2R80' ,
NR8b'S(O)2R80' , or S(O)2NR8e R8r ; each R8b, R8, R8e,
and R8f is, independently, H, Ci-6 alkyl, Ci-6
haloalkyl, C2.6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each R8d is, independently, G1 alkyl, Ci-6 haloalkyl,
C2.6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any R8e and R8f , together with the N atom to which
they are attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R8b' , R80' , R8e' , and
R8f' is, independently, H, C1-6 alkyl, C1-6 haloalkyl,
C2-6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each R8d' is, independently, C1-6 alkyl, C1-6
haloalkyl, C2-6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any R8e' and R8f , together with the N atom to
which they are attached, form a 4-, 5-, 6- or
7-membered heterocycloalkyl group; and p is 0, 1, 2,
or 3; with the proviso that if R7 is halogen, CN, or
NO2, then R2 is a bond. The present invention further
provides compounds of the invention having Formula
I-A:I-A or pharmaceutically acceptable salt or prodrug
thereof. The present invention further provides
compounds of the invention having Formula I-B: 



or pharmaceutically acceptable salt or prodrug
thereof. The present invention further provides
compounds of the invention having Formula I-C: I-C or
pharmaceutically acceptable salt or prodrug thereof.
The present invention further provides compounds of
the invention having Formula I-D:I-D or
pharmaceutically acceptable salt or prodrug thereof.
The present invention further provides pharmaceutical
compositions comprising a pharmaceutically acceptable
carrier and a compound of the invention, or
pharmaceutically acceptable salt or prodrug thereof.
The present invention further provides methods of
treating disorders that are related to or affected by
the 5-HT6 receptor comprising administering to a
patient in need thereof a therapeutically effective
amount of a compound of the invention, or
pharmaceutically acceptable salt or prodrug thereof.
The present invention further provides methods of
treating disorders that are related to or affected by
the 5-HT2A receptor comprising administering to a
patient in need thereof a therapeutically effective
amount of a compound of the invention, or
pharmaceutically acceptable salt or prodrug thereof.
The present invention further provides methods of
treating disorders that are related to or affected by
norepinephrine reuptake inhibition comprising
administering to a patient in need thereof a
therapeutically effective amount of a compound of the
invention, or pharmaceutically acceptable salt or
prodrug thereof. The present invention further
provides methods of treating learning disorders,
cognitive disorders or memory disorders comprising
administering to a patient in need thereof a
therapeutically effective amount of a compound of the
invention, or pharmaceutically acceptable salt or
prodrug thereof The present invention further provides
methods of treating personality disorders comprising
administering to a patient in need thereof a
therapeutically effective amount of a compound of the
invention, or pharmaceutically acceptable salt or
prodrug thereof.The present invention further provides
methods of treating behavioral disorders comprising
administering to a patient in need thereof a
therapeutically effective amount of a compound of the
invention, or pharmaceutically acceptable salt or
prodrug thereof. The present invention further
provides methods of treating movement disorders
comprising administering to a patient in need thereof
a therapeutically effective amount of a compound of
the invention, or pharmaceutically acceptable salt or
prodrug thereof. The present invention further
provides methods of treating neurodegenerative
disorders comprising administering to a patient in
need thereof a therapeutically effective amount of a
compound of the invention, or pharmaceutically
acceptable salt or prodrug thereof. The present
invention further provides methods of treating drug
withdrawal comprising administering to a patient in
need thereof a therapeutically effective amount of a
compound of the invention, or pharmaceutically
acceptable salt or prodrug thereof. The present
invention further provides methods of treating sleep
disorders comprising administering to a patient in
need thereof a therapeutically effective amount of a
compound of the invention, or pharmaceutically
acceptable salt or prodrug thereof. The present
invention further provides methods of treating eating
disorders comprising administering to a patient in
need thereof a therapeutically effective amount of a
compound of the invention, or pharmaceutically
acceptable salt or prodrug thereof. The present
invention further provides methods of treating acute
drug toxicity comprising administering to a patient in
need thereof a therapeutically effective amount of a
compound of the invention, or pharmaceutically
acceptable salt or prodrug thereof. The present
invention further provides methods of treating
cardiovascular disorders comprising administering to a
patient in need thereof a therapeutically effective
amount of a compound of the invention, or
pharmaceutically acceptable salt or prodrug
thereof.The present invention further provides methods
of treating sexual dysfunction comprising
administering to a patient in need thereof a
therapeutically effective amount of a compound of the
invention, or pharmaceutically acceptable salt or
prodrug thereof. The present invention further
provides methods of treating gastrointenstinal
disorders comprising administering to a patient in
need thereof a therapeutically effective amount of a
compound of the invention, or pharmaceutically
acceptable salt or prodrug thereof. The present
invention further provides methods of treating
genitourinary disorders comprising administering to a
patient in need thereof a therapeutically effective
amount of a compound of the invention, or
pharmaceutically acceptable salt or prodrug thereof.
The present invention further provides methods of
treating pain disorders or nerve disorders comprising
administering to a patient in need thereof a
therapeutically effective amount of a compound of the
invention, or pharmaceutically acceptable salt or
prodrug thereof. The present invention further
provides methods of treating vasomotor symptom
disorders comprising administering to a patient in
need thereof a therapeutically effective amount of a
compound of the invention, or pharmaceutically
acceptable salt or prodrug thereof. The present
invention further provides compounds of the present
invention for use in a method of treatment of the
aforementioned disorders of the human or animal body
by therapy. The present invention further provides
uses of the compounds of the present 



invention for the preparation of a medicament for use
in the treatment of the aforementioned disorders.
DETAILED DESCRIPTION OF THE INVENTION In one aspect,
the present invention provides a compound of Formula
I:or pharmaceutically acceptable salt or prodrug
thereof, wherein: A is C2-5 alkylene, C2-5 alkenylene,
or C2-5 alkynylene, wherein each is optionally
substituted with 1, 2, 3, or 4 independently selected
RA groups; R1 is C1- alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein each is optionally substituted by 1, 2, 3, or
4 independently selected R1a groups; each R2 is,
independently, a bond, O, S1 C(O), C(O)O, C(O)N(R2 ),
OC(O)N(R 2 ) , S(O), S(O)2, S(O)N(R2 ) , S(O)2N(R2 ) ,
or N(R23); R3 is H, C1-6 alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein said Ci-6 alkyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl
are each optionally substituted by 1, 2, 3 , or 4
independently selected R3a groups; R4 is H, C1-6
alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl, wherein said C1-6 alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroary), cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl
are each optionally substituted by 1, 2, 3, or 4
independently R4a groups; R5 is H, C1-10 alkyl, Ci -10
haloalkyl, C2-10 alkenyl, C2-10 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein said d -10 alkyl, C,.1O haloalkyl, C2-I0
alkenyl, C2.10 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, and heteroarylalkyl
are each optionally substituted with 1, 2, 3, or 4
independently selected R5a groups; R6 is H, C1-10
alkyl, C1-10 haloalkyl, C2-10 alkenyl, C2-10 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl, wherein said C1-10 alkyl, C1-10
haloalkyl, C2-10 alkenyl, C2-10 alkynyl,cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, and heteroarylalkyl
are each optionally substituted with 1, 2, 3, or 4
independently selected R6a groups; or R5 and R6,
together with the N atom to which they are attached,
form a 3-, 4-, 5-, 6- 7- or 8-membered
heterocycloalkyl ring or 5-, 6-, 7- or 8-membered
heteroaryl ring, wherein said heterocycloalkyl ring
and said heteroaryl ring are each optionally
substituted with 1, 2, 3, or 4 independently selected
Rb groups; each R7 is, independently, H, halogen, CN,
NO2, Ci-6 alkyl, C1-6 haloalkyl, C2-6 alkenyl, C2.6
alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, or heteroarylalkyl, wherein said Ci-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, and heteroarylalkyl
are each optionally substituted by 1, 2, 3, or 4
independently selected R7a groups; each R8 is,
independently, halogen, CN, NO2, C1-6 alkyl, C1
haloalkyl, C2.6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR8b, SR8b, C(O)R 8b, C(O)NR 8 R8 , C(O)OR8 , OC(O)R
8b, OC(O)NR 8eR8f , NR8eR8f, NR8bC(O)R8c, NR8bC(O)OR
8c, S(0)R 8d, S(O)NR 8eR8f , S(O)2R8 , NR8bS(O)2R8c,
or S(O)2NR8eR8f, wherein said C1-6 alkyl, Ci -6
haloalkyl, C2.6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, and heteroarylalkyl
are each optionally substituted with 1, 2, 3, or 4
independently selected R8a groups; each RA is,
independently, halogen, CN, NO2, Ci-6 alkyl, Ci-6
haloalkyl, C2.6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl, 0
RAb , SRAb, C(O)RAb, C(O)NR AeRAf , C(0)0R Ac, OC(O)R
Ab, OC(O)NR AeRAf , NRAeRAf, NRAbC(O)RAc, NRAbC(0)0R
Ac, S(O)RAd, S(O)NR AeRA , S(O)2RAc , NRAbS(O)2RAo, or
S(O)2NRAeRAf ; each RAb, RAc, RAe, and RAf is,
independently, H, C1 6 alkyl, C1-6 haloalkyl, C2-6
alkenyl, G2 6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each RAd is, independently, Ci-6 alkyl, Ci-e
haloalkyl, C2.6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any RAe and RAf, together with the N atom to which
they are attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R1a is, independently,
halogen, CN, NO2, Ci-6 alkyl, C1-6 haloalkyl, G2 6
alkenyl, C2.6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR1b , SRl b, C(O)R 1b , C(O)NR l eR1f , C(O)OR 1c ,
OC(O)R1b, OC(O)NR 1eR1f , NR1eRl f, NR1bC(O)R1c,
NR1bC(O)OR1c , S(O)R1d, S(O)NR1eR1 , S(O)2R1c , NRl
bS(O)2R1c , or S(O)2NR1eR1 ; each R1b, R1c , R1e, and
R11 is, independently, H, Ci-6 alkyl, C1-6 haloalkyl,
C2-6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each R1d is, independently, C1-6 alkyl, C1- haloalkyl,
C2-6 alkenyl, C2 6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any R1e and R1 , together with the N atom to which
they are attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R2a is, independently, H,
C -6 alkyl, Ci-6 haloalkyl, C2-6 alkenyl, C2- alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl, wherein said C1-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, aryl, cycloalkyl, heteroaryl,
heterocycloalkyl, arylalkyl, heteroarylalkyl,
cycloalkylalkyl and heterocycloalkylalkyl are each
optionally substituted with 1, 2, 3, or 4
independently selected R2b groups; each R2b is,
independently, halogen, CN, NO2, OH, C1-6 alkyl, C1-6
haloalkyl, C1-6 alkyloxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy, C2 6
alkenyl, C2-6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl; 



each R3a is, independently, halogen, CN, NO2, C1-6
alkyl, C1-6 haloalkyl, C2 6 alkenyl, C2-6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl,
heteroarylalkyl, 0 R3b , SR3b, C(O)R3b, C(O)NR3eR3f ,
C(O)OR3 , OC(O)R3b, OC(O)NR3eR3f , NR3eR3f,
NR3bC(O)R3c, NR3bC(O)OR3c, S(O)R3d, S(O)NR3eR3f,
S(O)2R3 , NR3bS(O)2R3 , or S(O)2NR3eR3f ; each R3b,
R3c, R3e, and R3f is, independently, H, C1-6 alkyl,
C1-6 haloalkyl, C2.6 alkenyl, C2 6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl;each R3d is, independently, C1-6
alkyl, C1-6 haloalkyl, C2.6 alkenyl, C2.6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl; or any R3e and R3 , together with the
N atom to which they are attached, form a 4-, 5-, 6-
or 7-membered heterocycloalkyl group; each R4a is,
independently, halogen, CN, NO2, Gi-6 alkyl, Ci-6
haloalkyl, C2 6 alkenyl, C2 6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR4b , SR4b, G(O)R4b, C(O)NR4eR4f , C(O)OR 4c,
OC(O)R4b, OC(O)NR4eR4 , NR4eR4f , NR4bC(O)R4c,
NR4bC(O)OR4, S(0)R 4d, S(O)NR4eR4 , S(O)2R40,
NR4bS(O)2R4, or S(O)2NR4eR4f ; each R4b, R4c, R4e ,
and R4Ms, independently, H, Ci-6 alkyl, C1-6
haloalkyl, C2-6 alkenyl, G2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each R4d is, independently, C1 6 alkyl, C1-6
haloalkyl, G2-6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any R4s and R4f , together with the N atom to which
they are attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R5a is, independently,
halogen, CN, NO2, Ci-6 alkyl, C1-6 haloalkyl, C2-8
alkenyl, C2.6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR5b , SR5b, C(O)R5b, C(O)NR5eR5 , C(O)OR 50,
OC(O)R5b, OC(O)NR5eR5f , NR5eR5f, NR5bC(O)R5 ,
NR5bC(O)ORSo, S(O)R5d, S(O)NR5eR5f , S(O)2R50,
NR5bS(O)2R5c, or S(O)2NR5eR5 ; each R5b, R5c, R5e, and
R5f is, independently, H, C1-6 alkyl, C1-6 haloalkyl,
C2 6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein said C1-6 alkyl, Ci-6 haloalkyl, C2-6 alkenyl,
C2.6 alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, and heteroarylalkyl is optionally
substituted with 1, 2, 3, or 4 independently selected
R5' groups; each R5d is, independently, Ci-6 alkyl,
C1-6 haloalkyl, C2.6 alkenyl, C -6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl, wherein each is optionally
substituted with 1, 2, 3, or 4 independently selected
R5' groups;or any R5e and R5 , together with the N
atom to which they are attached, form a 4-, 5-, 6- or
7-membered heterocycloalkyl group; each R6a is,
independently, halogen, CN, NO2, Ci-6 alkyl, C1-6
haloalkyl, C2.6 alkenyl, C2-6 alkynyl, cycloalky!,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl,
OR6b, SR6b, C(O)R6b, C(O)NR6eR6 , C(O)OR 6c, OC(O)R6b,
OC(O)NR6eR6f, NR6eR6f, NR6bC(O)R6c, NR6bC(O)OR6c,
S(O)R6d, S(O)NR6 R61, S(O)2R60, NR6bS(O)2R6c , or
S(O)2NR6eR6 , each R6b, R6c, R6e , and R6 1 is,
independently, H, Ci-6 alkyl, C1 haloalkyl, C2.6
alkenyl, C2-6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl,
wherein said Ci-6 alkyl, Ci-6 haloalkyl, G2.6 alkenyl,
C2.6 alkynyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, and heteroarylalkyl is optionally
substituted with 1, 2, 3, or 4 independently selected
R6 groups; each R6d is, independently, C1-6 alkyl,
C1-6 haloalkyl, C2-6 alkenyl, C2_6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl, wherein each is optionally
substituted with 1, 2, 3, or 4 independently selected
R6' groups; or any R6e and R6f , together with the N
atom to which they are attached, form a A-, 5-, 6- or
7-membered heterocycloalkyl group; each R5' and R6'
is, independently, halogen, CN, NO2, C1-6 alkyl, C2.6
alkenyl, C2-6 alkynyl, C1-6 haloalkyl, C1-6 alkyloxy,
cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
arylalkyl, or heteroarylalkyl; each R7a is,
independently, halogen, CN, NO2, d -6 alkyl, C1
haloalkyl, C2 6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl, 0
R7b, SR7b, C(O)R7b, C(O)NR7eR7f , C(O)OR 7c, 0C(0)R
7b, 0C(0)NR 7eR7f , NR7eR7f , NR7bC(O)R7c,
NR7bC(O)OR7c, S(O)R7d , S(O)NR7eR7 , S(O)2R70,
NR7bS(O)2R7c, or S(O)2NR7eR7f ; each R7b, R7, R7e, and
R7 is, independently, H, C1 6 alkyl, C1-6 haloalkyl,
C2-6 alkenyl, C2-B alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each R7d is, independently, C1 alkyl, C1 haloalkyl,
C2-6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any R7e and R7f , together with the N atom to which
they are attached, form a 4-, 5-, 6- or 7-membered
heterocycloalkyl group; each R8a is, independently,
halogen, CN, NO2, Ci-6 alkyl, C 6 haloalkyl, C2 6
alkenyl, C2.6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, heteroarylalkyl, 0
R8b' , SR8b' , C(O)R8b' , C(O)NR8e'R8f , G(O)OR80' ,
OC(O)R 8b' , OC(O)NR8e'R8f' , NR8e'R8f , NR8b'C(O)R8'
, NR8b>C(O)OR8c' , S(O)R8d' , S(O)NR 8e'R8f ,
S(O)2R80' , NR8b'S(O)2R8c' , or S(O)2NR89 R8 ' ; each
R8b, R8c, R8e, and R8f is, independently, H, C alkyl,
C1-6 haloalkyl, C2-6 alkenyl, C2.6 alkynyl,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl, arylalkyl, or
heteroarylalkyl; each R8d is, independently, C1 alkyl,
C1S haloalkyl, C2.6 alkenyl, C2-6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl; 



or any R8e and R8f , together with the N atom to which
they are attached, form a A-, 5-, 6- or 7-membered
heterocycloalkyl group; each R8b' , R8c' , R8e' , and
R8f is, independently, H, C 5 alkyl, C1 haloalkyl, C2
6 alkenyl, C2-6 alkynyl, cycloalkyl, heterocycloalkyl,
aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
each R8d' is, independently, Ci-6 alkyl, Ci-6
haloalkyl, C2-6 alkenyl, C2.6 alkynyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, cycloalkylalkyl,
heterocycloalkylalkyl, arylalkyl, or heteroarylalkyl;
or any R8e' and R8f , together with the N atom to
which they are attached, form a 4-, 5-, 6- or
7-membered heterocycloalkyl group; and p is 0, 1, 2,
or 3; with the proviso that if R7 is halogen, CN, or
NO2, then R2 is a bond. In some embodiments, A is C2.5
alkylene. In some embodiments, A is ethan-1 ,2-diyl or
propan-1 ,3-diyl. In some embodiments, R1 is aryl
substituted with 1, 2, 3, or 4 independently selected
R1a groups.In some embodiments, R1 is phenyl
substituted with 1, 2, 3, or 4 independently selected
R1a groups. In some embodiments, R1 is phenyl
or3-fluorophenyl. In some embodiments, R1 is phenyl.
In some embodiments, each R2 is, independently, a
bond. In some embodiments, R3 is H, d -6 alkyl, or
aryl. In some embodiments, R3 is H, methyl, ethyl, or
phenyl. In some embodiments, R4 is H. In some
embodiments, R5 is H, C1-I0 alkyl, cycloalkyl,
heterocycloalkylalkyl, or arylalkyl, wherein said
C1-I0 alkyl is substituted with 1, 2, 3, or 4
independently selected R5a groups. In some
embodiments, R6 is H, C1-10 alkyl, cycloalkyl,
heterocycloalkylalkyl, or arylalkyl, wherein said
C1-10 alkyl is substituted with 1, 2, 3, or 4
independently selected R6a groups. In some
embodiments, R5 and R6 are each, independently, H,
methyl, ethyl, propyl, isopropyl, isobutyl,
pentan-3-yl, 1,2,2-trimethylpropyl,
2,2-dimethylpropyl, 2- methyl-1 -butyl,
2-hydroxyethyl, dimethylaminopropyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, benzyl, or
(tetrahydrofur-2-yl)m ethyl. In some embodiments, R5
and R6, together with the N atom to which they are
attached, form a 3-, 4-, 5-, 6-, 7-, or 8-membered
heterocycloalkyl ring or 5-, 6-, 7- or 8-membered
heteroaryl ring, wherein said heterocycloalkyl ring
and said heteroaryl ring are each optionally
substituted with 1, 2, 3, or 4 independently selected
R8 groups. In some embodiments, R5 and R6, together
with the N atom to which they are attached, form a 3-,
A-, 5-, 6-, 7-, or 8-membered heterocycloalkyl ring,
wherein said heterocycloalkyl ring is optionally
substituted with 1, 2, 3, or 4 independently selected
R8 groups. In some embodiments, R5 and R6, together
with the N atom to which they are attached, form a
pyrrolidin-1-yl, piperidin-1-yl, morpholin-4-yl,
piperazin-1-yl, 2- methylpiperidin-1-yl,
3-methylpiperidin-1-yl, 2,6-dimethylpiperidin-1-yl, 2-
methylpyrrolidin-1-yl, azepan-1-yl,
4-methylpiperazin-1-yI, or azetidin-1-yl ring. In some
embodiments, each R7 is H. In some embodiments, each
R1a is, independently, halogen.In some embodiments,
each R1a is F. In some embodiments, each R5a is,
independently, 0 R5b or NR5eR5f . In some embodiments,
each R6a is, independently, 0 R6b or NR6eR6f . In some
embodiments, each R5b, R5e, R5 , R6b, R6e, and R6f is,
independently, H or d .6 alkyl. In some embodiments,
each R5b, R5e, R5f , R6b, R6e, and R6f is,
independently, H or methyl. In some embodiments, A is
C2-5 alkylene which is optionally substituted with 1,
2, 3, or 4 independently selected RA groups; R1 is
C1-6 alkyl, cycloalkyl, aryl, or heteroaryl, wherein
each is optionally substituted by 1, 2, 3, or 4 R1a ;
each R2 is, independently, a bond; R3 is H, C1-Salkyl,
cycloalkyl, aryl, or heteroaryl, wherein said C1-6
alkyl, cycloalkyl, aryl, and heteroaryl are each
optionally substituted by 1, 2, 3, or 4 independently
selected R3a groups ; R4 is H, C1- alkyl, cycloalkyl,
aryl, or heteroaryl, wherein said C1 6 alkyl,
cycloalkyl, aryl, and heteroaryl are each optionally
substituted by 1, 2, 3, or 4 independently selected
R4a groups; R5 is H, Ci-10 alkyl, cycloalkyl, aryl,
heterocycloalkylalkyl, or arylalkyl, wherein said CM 0
alkyl, cycloalkyl, heterocycloalkylalkyl, and
arylalkyl are each optionally substituted with 1, 2, 3
, or 4 independently selected R5a groups; R6 is H,
Ci-10 alkyl, cycloalkyl, aryl, heterocycloalkylalkyl,
or arylalkyl, wherein said C 0 alkyl, cycloalkyl,
heterocycloalkylalkyl, and arylalkyl are each
optionally substituted with 1, 2, 3 , or 4
independently selected R6a groups; or R5 and R6,
together with the N atom to which they are attached,
form a 3-, 4-, 5-, 6- 7- or 8-membered
heterocycloalkyl ring or 5-, 6-, 7- or 8- membered
heteroaryl ring, wherein said heterocycloalkyl ring
and said heteroaryl ring are each optionally
substituted with 1, 2, 3, or 4 independently selected
R8 groups; and each R7 is, independently, H, halogen,
C1-6 alkyl, cycloalkyl, aryl, or heteroaryl, wherein
said C1-6 alkyl, cycloalkyl, aryl, and heteroaryl are
each optionally substituted by 1, 2, 3, or 4
independently selected R7a groups. In some
embodiments, A is C2 5 alkylene;R1 is aryl, which is
optionally substituted by 1, 2, 3, or 4 independently
selected R1a groups; each R2 is, independently, a
bond; R3 is H, G1 alkyl, or aryl, wherein said C1-6
alky! and aryl are each optionally substituted by 1,
2, 3, or 4 independently selected R3a groups; R4 is H;



R5 is H, C1-10 alkyl, cycloalkyl, aryl,
heterocycloalkylalkyl, or arylalkyl, wherein said
G1-10 alkyl, cycloalkyl, heterocycloalkylalkyl, and
arylalkyl are each optionally substituted with 1, 2, 3
, or 4 independently selected R5a groups; R6 is H,
C1-10 alkyl, cycloalkyl, aryl, heterocycloalkylalkyl,
or arylalkyl, wherein said C1-10 alkyl, cycloalkyl,
heterocycloalkylalkyl, and arylalkyl are each
optionally substituted with 1, 2, 3 , or 4
independently selected R6a groups; or R5 and R6,
together with the N atom to which they are attached,
form a 3-, 4-, 5-, 6- 7- or 8-membered
heterocycloalkyl ring, wherein said heterocycloalkyl
ring is optionally substituted with 1, 2, 3, or 4
independently selected R8 groups; and each R7 is,
independently, H. In some embodiments, A is ethan-1
,2-diyl or propan-1 ,3-diyl; R1 is phenyl, which is
optionally substituted by 1, 2, 3, or 4 independently
selected R1a groups; each R2 is, independently, a
bond; R3 is H, d -6 alkyl, or phenyl; R4 is H; R5 is
H, C1-10 alkyl, cycloalkyl, aryl,
heterocycloalkylalkyl, or arylalkyl, wherein said Ci
-10 alkyl, cycloalkyl, heterocycloalkylalkyl, and
arylalkyl are each optionally substituted with 1, 2, 3
, or 4 independently selected R5a groups; R6 is H,
C1-10 alkyl, cycloalkyl, aryl, heterocycloalkylalkyl,
or arylalkyl, wherein said C1-I 0 alkyl, cycloalkyl,
heterocycloalkylalkyl, and arylalkyl are each
optionally substituted with 1, 2, 3 , or 4
independently selected R6a groups; or R5 and R6,
together with the N atom to which they are attached,
form a 3-, 4-, 5-, 6- 7- or 8-membered
heterocycloalkyl ring, wherein said heterocycloalkyl
ring is optionally substituted with 1, 2, 3, or 4
independently selected R8 groups;each R7 is,
independently, H; each R1a is, independently, halogen;
each R5a is, independently, OR5b or NR5eR5f ; each R6a
is, independently, OR6b or NR6eR6 ; each R8 is,
independently, d .6 alkyl. In some embodiments, A is
ethan-1 ,2-diyl or propan-1 ,3-diyl; R1 is phenyl,
which is optionally substituted by 1, 2, 3, or 4
independently selected R1a groups; each R2 is,
independently, a bond; R3 is H, methyl, ethyl, or
phenyl; R4 is H; R5 is H, C1-I 0 alkyl, cycloalkyl,
aryl, heterocycloalkylalkyl, or arylalkyl, wherein
said C 0 alkyl, cycloalkyl, heterocycloalkylalkyl, and
arylalkyl are each optionally substituted with 1, 2,
3, or 4 independently selected R5a groups; R6 is H,
C1-10 alkyl, cycloalkyl, aryl, heterocycloalkylalkyl,
or arylalkyl, wherein said C1-10 alkyl, cycloalkyl,
heterocycloalkylaikyl, and arylalkyl are each
optionally substituted with 1, 2, 3, or 4
independently selected R6a groups; or R5 and R6,
together with the N atom to which they are attached,
form a 3-, 4-, 5-, 6- 7- or 8-membered
heterocycloalkyl ring, wherein said heterocycloalkyl
ring is optionally substituted with 1, 2, 3, or 4
independently selected R8 groups; each R7 is,
independently, H; each R1a is, independently, F; each
R5a is, independently, OH or N(CH3)2; each R6a is,
independently, OH or N(CH3)2; each R8 is,
independently, methyl; and p is 0 or 1. In some
embodiments, A is ethan-1 ,2-diyl or propan-1 ,3-diyl;
R1 is phenyl or3-fluorophenyl; R3 is H, methyl, ethyl
or phenyl; R4 is H; R5 is H, methyl, ethyl, propyl,
isopropyl, isobutyl, pentan-3-yl, 1,2,2-
trimethylpropyl, 2,2-dimethylpropyl, 2-methyl-1
-butyl, cyclopropyl, cyclobutyl,cyclopentyl,
cyclohexyl, benzyl, or (tetrahydrofur-2-yl)methyl,
wherein said ethyl is optionally substituted with 1
R5a; R6 is H, methyl, ethyl, propyl, isopropyl,
isobutyl, pentan-3-yl, 1,2,2- trimethylpropyl,
2,2-dimethylpropyl, 2-methyl-1 -butyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, benzyl, or
(tetrahydrofur-2-yl)methyl, wherein said propyl is
optionally substituted with 1 R6a; or R5 and R6,
together with the N atom to which they are attached,
form a pyrrolidin-1-yl, piperidin-1-yl,
morpholin-4-yl, piperazin-1-yl, 2-methylpiperidin-
1-yl, 3-methylpiperidin-1-yl,
2,6-dimethylpiperidin-i-yl, 2-methylpyrrolidin-1-yl,
azepan-1 -yl, 4-methylpiperazin-1 -yl, or azetidin-1
-yl ring; each R5a is, independently, OH; each R6a is,
independently, N(CH3)2; and p is O. In some
embodiments, A is ethan-1 ,2-diyl or propan-1 ,3-diyl;
R1 is phenyl or 3-fluorophenyl; R3 is H, methyl, ethyl
or phenyl; R4 is H; R5 is H, methyl, ethyl, propyl,
isopropyl, isobutyl, pentan-3-yl, 1,2,2-
trimethylpropyl, 2,2-dimethylpropyl, 2-methyl-1
-butyl, 2-hydroxyethyl, dimethylaminopropyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
benzyl, or (tetrahydrofur-2-yl)m ethyl . R6 is H,
methyl, ethyl, propyl, isopropyl, isobutyl,
pentan-3-yl, 1,2,2- trimethylpropyl,
2,2-dimethylpropyl, 2-methyl-1 -butyl, 2-hydroxyethyl,
dimethylaminopropyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, benzyl, or
(tetrahydrofur-2-yl)methyl. or R5 and R6, together
with the N atom to which they are attached, form a
pyrrolidin-1-yl, piperidin-1-yl, morpholin-4-yl,
piperazin-1-yl, 2-methylpiperidin- 



1-yl, 3-methylpiperidin-1-yl,
2,6-dimethylpiperidin-1-yl, 2-methyipyrrolidin-i-yl,
azepan-1 -yl, 4-methylpiperazin-1-yl, or azetidin-1
-yl ring; and p is 0. In some embodiments, the
compound has Formula I-A:or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments, the compound has Formula I-B: or
pharmaceutically acceptable salt or prodrug thereof.
In some embodiments, the compound has Formula I-C: I-C
or pharmaceutically acceptable salt or prodrug
thereof. In some embodiments, the compound has Formula
I-D:I-D aceutically acceptable salt or prodrug
thereof. In some embodiments, the compound of Formula
I is: N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine; N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}-N-propylamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}propan-2-amine;
N-{2-[3-(phenylsulfonyl)-1H-indol-5-yl]ethyl}cycloprop
anamine; N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}cyclopentanamine;
N-benzyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
N-ethyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
N,N-diethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
3-(phenylsulfonyl)-5-(2-pyrrolidin-1 -ylethyl)-1
H-indole; 3-(phenylsulfonyl)-5-(2-piperidin-1
-ylethyl)-1 H-indole;
5-(2-morpholin-4-ylethyl)-3-(phenylsulfonyl)-1
H-indole; {2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
3-(phenylsulfonyl)-5-(2-piperazin-1 -ylethyl)-1
H-indole; N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
N-methyl-N-{2-[2-methyl-3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
N-{2-[2-ethyl-3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}-N-methylamine;
N-methyl-N-{2-[2-phenyl-3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-1H-indol-7-yl]et
hyl}amine; N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-7-yl]ethyl}amine;
N-{2-[3-(phenylsulfonyl)-iH-indol-7-yl]ethyl}-N-propyl
amine; N-{2-[3-(phenylsulfonyl)-1
H-indol-7-yl]ethyl}propan-2-amine;
N-{2-[3-(phenylsulfonyl)-i
H-indol-7-yl]ethyl}cyclopropanamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-7-yl]ethyl}cyclopentanamine;
N-ethyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-7-yl]ethyl}amine;
N,N-diethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-7-yl]ethyl}amine;
3-(phenylsulfonyl)-7-(2-pyrrolidin-1 -ylethyl)-1
H-indole; 3-(phenylsulfonyl)-7-(2-piperidin-1
-ylethyl)-1 H-indole;
7-(2-morpholin-4-ylethyl)-3-(phenylsulfonyl)-1
H-indole; {2-[3-(phenylsulfonyl)-1
H-indol-7-yl]ethyl}amine;
3-(phenylsuIfonyl)-7-(2-piperazin-1 -ylethyl)-1
H-indole;N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}am i ie;
N-methyl-N-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl}
amine; N-ethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl} amine;
N-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl}-N-propyl
amine; N-{2-[3-(phenylsuIfonyl)-1
H-indol-4-yl]ethyl}propan-2-amine;
N-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl}cycloprop
anamine; N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}cyclobutanamine;
N-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl}cyclopent
anamine; N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}cyclohexanamine;
N-ethyl-N-methyl-N-{2-[3-(phenylsulfonyl)-iH-indol-4-y
l]ethyl}amine;
N-cyclohexyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-ipdoI-4- yl]ethyl}amine;
N,N-diethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
3-(phenylsul1onyl)-4-(2-pyrroIidin-1 -yiethyl)-1
H-indole; 3-(phenylsulfonyl)-4-(2-piperidin-1
-ylethyl)-1 H-indole;
4-(2-morphoiin-4-ylethyl)-3-(phenylsulfonyl)-1
H-indole; N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}-N-(1 ,2,2- trimethylpropyl)amine;
N-benzyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
N-isobutyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
N-(2,2-dimethylpropyl)-N-{2-[3-(phenylsulfonyl)-1
H-indo!-4- yl]ethyl}amine;
N,N-dimethyi-N'-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}propane-1 ,3- diamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}-N-((tetrahydrofur-2-
yl)methyl)amine; 4-{2-[(2R*
,6S*)-2,6-dimethylpiperidin-1-yl]ethyl}-3-(phenylsulfo
nyl)-1Hindoie;
N-methyl-N-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl}
propan-2-amine; N-ethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}propan-2-amine;
4-[2-(2-methylpyrrolidin-1-yl)ethyl]-3-(phenylsulfonyl
)-1H-indole;
4-[2-(2-methylpiperidin-1-yl)ethyl]-3-(phenylsulfonyl)
-1 H-indole;
4-[2-(3-methylpiperidin-1-yI)ethyl]-3-(phenylsulfonyl)
-1 H-indole;4-(2-azepan-1
-ylethyl)-3-(phenylsulfonyl)-1 H-indole;
4-[2-(4-methylpiperazin-1-y!)ethyl]-3-(phenyIsulfonyl)
-1 H-indole; 3-(phenylsuIfonyl)-4-(2-piperazin-1
-ylethyl)-1 H-indole; {2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
N-methyl-N-{2-[3-(3-fluorophenylsuIfonyl)-i
H-indol-4-yl]ethyl}amine;
N-ethyl-N-{2-[3-(3-fluorophenylsulfonyl)-1H-indol-4-yl
]ethyl}amine;
N,N-dimethyl-N-{2-[3-(3-fluorophenylsulfonyl)-1H-indol
-4- yl]ethyl}amine;
N-{2-[3-(3-fluorophenylsulfonyl)-1H-indol-4-yl]ethyl}-
N-propylamine; N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}propan-2-amine;
N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}cyclopropanamine;
N-{2-[3-(3-fluorophenylsulfonyl)-i
H-indol-4-yl]ethyl}cyclobutanamine;
N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}cyclopentanamine; 



N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl)cyclohexanamine;
N-ethyl-N-methyl-N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4- yl]ethyl}amine;
N-cyclohexyl-N-methyl-N-{2-[3-(3-fluorophenylsuIfonyl)
-1 H-indol-4- yl]ethyl}amine;
N,N-diethyl-N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
3-(3-fluorophenylsulfonyl)-4-(2-pyrrolidin-1
-ylethyl)-1 H-indole;
3-(3-fluorophenylsulfonyl)-4-(2-piperidin-1-ylethyl)-1
H-indole;
4-(2-morpholin-4-ylethyl)-3-(3-fluorophenylsulfonyl)-1
H-indole;
N-isobutyl-N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
(1-Ethyl-propyl)-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]-ethyl}- amine;
{2-[3-(3-Fluorophenylsulfonyl)-1
H-indo!-4-yl]-ethyl}-(2-methyl-butyl)- amine;
N-{2-[3-(3-fluoropheny!suHonyl)-1H-indo]-4-yl]ethyl}-N
-(1 ,2,2- trimethylpropyl)amine;
N-(2,2-dimethylpropyl)-N-{2-[3-(3-fluorophenylsulfonyl
)-1 H-indol-4- yl]ethyl}amine;
N-{2-[3-(3-fIuorophenylsulfonyl)-1
H-indol-4-yl]ethyl}-N-((tetrahydrofur-
2-yl)methyl)amine;N'-{2-[3-(3-Fluorophenylsulfonyl)-i
H-indol-4-yl]-ethyl}-N,N-dimethyIpropane- 1
,3-diamine; 2-({2-[3-(3-Fluorophenylsulfonyl)-i
H-indol-4-yl]- qthyl}-methyl-amino)- ethanol;
{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yI]ethyl}amine;
N-methyi-N-{2-[3-(pheny)sulfonyl)-i
H-indol-6-yl]ethyl}amine;
N-ethyl-N-{2-[3-(phenylsulfonyl)-1
H-indo!-6-yl]ethyl}amine;
N-{2-[3-(phenylsulfonyi)-1H-indol-6-yl]ethyl}-N-propyl
amine;
N-{2-[3-(phenylsulfonyl)-1H-indol-6-yl]ethyl}propan-2-
amine; N-{2-[3-(phenylsulfonyl)-i
H-indol-6-yI]ethyl}cyclopropanamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}cyclobutanamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}cyclopentanamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}cyclohexanamine;
N-ethyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1H-indol-6-y
l]ethyl}amine;
N-cyclohexyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1H-indo
l-6- yl]ethyl}amine;
N,N-diethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}amine;
3-(phenylsulfonyl)-6-(2~pyrrolidin-1 -ylethyl)-1
H-indole;
3-(phenylsulfonyl)-6-(2-piperidin-1-yiethyl)-1
H-indole;
4-(2-morpholin-6-ylethyl)-3-(phenylsulfonyl)-1
H-indole; 3-phenylsulfonyl-6-(2-piperazin-1
-yl-ethyl)-1 H-indole;
N-isobutyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}amine;
(1-Ethyl-propyl)-{2-[3-(phenylsulfonyl)-1H-indol-6-yI]
-ethyl}-amine; {2-[3-(phenyIsulfonyl)-1
H-indol-6-yl]-ethyl}-(2-methyl-butyl)-amine;
N-{2-[3-(phenylsulfonyl)-1 H-indol-6-yl]ethyl}-N-(1
,2,2- trimethylpropyl)amine;
N-(2,2-dimethylpropyl)-N-{2-[3-(phenylsulfonyl)-1
H-indol-6- yl]ethyl}amine; N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}-N-((tetrahydrofur-2-
yl)methyl)amine; 6-(2-Azetidin-1
-yl-ethyl)-3-phenylsulfonyI-1 H-indole;
{2-[3-(phenylsulfonyl)-1 H-indol-6-yl]ethyl}amine;
N-isopropyl-3-[3-(phenylsulfonyl)-1
H-indol-4-yl]propan-1 -amine;
3-(phenylsulfonyl)-4-(3-piperidin-1-ylpropyl)-1
H-indole; or
N-ethyl-N-methyl-3-[3-(phenylsulfonyl)-1H-indol-4-yl]p
ropan-1 -amine; or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments, the compound of
Formula I-A is:
N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]et
hyl}amine; N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
N-ethyl-N-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl}
amine; N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}-N-propylamine;
N-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl}propan-2-
amine; N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}cyclopropanamine;
N-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl}cyclobuta
namine; N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}cyclopentanamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}cyclohexanamine;
N-ethyl-N-methyl-N-{2-[3-(phenylsulfonyl)-i
H-indol-4-yl]ethyl}amine;
N-cyclohexyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4- yl]ethyl}amine;
N,N-diethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
3-(phenylsulfonyl)-4-(2-pyrrolidin-1 -ylethyl)-1
H-indole; 3-(phenylsulfonyl)-4-(2-piperidin-1
-ylethyl)-1 H-indole;
4-(2-morpholin-4-ylethyl)-3-(phenylsulfonyl)-1
H-indole; N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}-N-(1 ,2,2- trimethylpropyl)amine;
N-benzyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
N-isobutyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
N-(2,2-dimethylpropyl)-N-{2-[3-(phenylsulfonyl)-1
H-indol-4- yl]ethyl}amine;
N,N-dimethyl-N'-{2-[3-(phenylsulfonyl)-1H-indol-4-yl]e
thyl}propane-1 ,3- diamine; N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}-N-((tetrahydrofur-2-
yl)methyl)amine; 4-{2-[(2R*,6S*)-2
J6-dimethylpiperidin-1-yl]ethyl}-3-(phenylsulfonyl)-1
Hindole;N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-4-yl]ethyl}propan-2-amine;
N-ethyl-N-{2-[3-(phenylsulfonyl)-i
H-indol-4-yl]ethyI}propan-2-amine;
4-[2-(2-methylpyrrolidin-1-yl)ethyl]-3-(phenylsulfonyl
)-1 H-indole; 



4-[2-(2-methylpiperidin-1-yl)ethyl]-3-(phenylsuIfonyI)
-1 H-indole; 4-[2-(3-methylpiperidin-1
-yl)ethyl]-3-(phenylsulfonyl)-1 H-indole;
4-(2-azepan-1 -ylethyl)-3-(phenylsulfonyl)-1 H-indole;
4-[2-(4-methylpiperazin-1-yl)ethyl]-3-(phenylsulfonyl)
-1 H-indole; 3-(phenylsulfonyl)-4-(2-piperazin-1
-ylethyl)-1 H-indole;
{2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl}amine;
N-methyl-N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
N-ethyl-N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}amine;
N,N-dimethyl-N-{2-[3-(3-fluorophenylsulfonyl)-1H-indol
-4- yl]ethyl}amine; N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}-N-propylamine;
N-{2-[3-(3-fIuorophenylsulfonyl)-1
H-indol-4-yl]ethyl}propan-2-amine;
N-{2-[3-(3-fluorophenylsulfonyl)-i
H-indol-4-yl]ethyl}cyclopropanamine;
N-{2-[3-(3-fluorophenylsulfonyI)-1
H-indol-4-yl]ethyl}cyclobutanamine;
N-{2-[3-(3-fluorophenylsulfonyl)-1H-indol-4-yl]ethyl}c
yclopentanamine; N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]ethyl}cyclohexanamine;
N-ethyl-N-methyl-N-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4- yl]ethyl}amine;
N-cyclohexyl-N-methyl-N-{2-[3-(3-fluorophenylsulfonyl)
-1 H-indol-4- yl]ethyl}amine;
N,N-diethyl-N-{2-[3-(3-fluorophenylsulfonyl)-1H-indol-
4-yl]ethyl}amine;
3-(3-fluorophenylsulfonyl)-4-(2-pyrrolidin-1
-ylethyl)-1 H-indole;
3-(3-fluorophenylsulfonyl)-4-(2-piperidin-1-ylethyl)-1
H-indole;
4-(2-morpholin-4-ylethyl)-3-(3-fluorophenylsulfonyl)-1
H-indole;
N-isobutyl-N-{2-[3-(3-fluorophenylsulfonyl)-i
H-indol-4-yl]ethyl} amine;
(1-Ethyl-propyl)-{2-[3-(3-fluorophenylsulfonyl)-1
H-indol-4-yl]-ethyl}- amine;
{2-[3-(3-Fluorophenylsulfonyl)-1
H-indol-4-yl]-ethyl}-(2-methyl-butyl)- amine;
N-{2-[3-(3-fluorophenylsulfonyl)-i
H-indol-4-yl]ethyl}-N-(1 ,2,2- trimethylpropyl)amine;
N-(2,2-dimethylpropyl)-N-{2-[3-(3-fluorophenylsuIfonyl
)-1H-indol-4- yl]ethyi}amine;
N-{2-[3-(3-fiuorophenylsulfonyl)-1H-indol-4-yl]ethyl}-
N-((tetrahydrofur- 2-yl)methyl)amine;
N'-{2-[3-(3-Fluorophenylsulfonyl)-1H-indol-4-yl]-ethy]
}-N,N-dimethy]- propane-1 ,3-diamine;
2-({2-[3-(3-Fluorophenylsulfonyl)-1H-indol-4-yl]-ethyl
}-methyl-amino)- ethanol;
{2-[3-(3-fluorophenylsulfonyl)-1 H-indol-4-yl]ethyl}
amine; N-isopropyl-3-[3-(phenylsulfonyl)-1
H-indol-4-yl]propan-1 -amine;
3-(phenyIsulfonyl)-4-(3-piperidin-1-ylpropyl)-1
H-indole; or N-qthyl-N-methyl-3-[3-(phenylsuifonyl)-1
H-indol-4-yl]propan-1 -amine; or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments, the compound of Formula I-B is:
N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine; N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}-N-propylamine;
N-{2-[3-(phenylsulfonyl)-i
H-indol-5-yl]ethyl}propan-2-amine;
N-{2-[3-(phenylsulfonyl)-i
H-indol-5-yl]ethyl}cyclopropanamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}cyclopentanamine;
N-benzyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
N-ethyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
N,N-diethyl-N-{2-[3-(phenyisulfonyl)-1
H-indol-5-yl]ethyl}amine;
3-(phenylsulfonyl)-5-(2-pyrrolidin-1 -ylethyl)-1
H-indole; 3-(phenylsulfonyl)-5-(2-piperidin-1
-ylethyl)-1 H-indole;
5-(2-morpholin-4-ylethyl)-3-(phenylsulfonyl)-1
H-indole; {2-[3-(phenylsulfonyl)-1H-indol-5-yl]ethyl}
amine; 3-(phenylsulfonyl)-5-(2-piperazin-1 -ylethyl)-1
H-indole;
N-methyl-N-{2-[3-(phenylsulfonyl)-1H-indol-5-yl]ethyl}
amine; N-methyl-N-{2-[2-methyl-3-(phenylsulfonyl)-1
H-indol-5-yl]ethyl}amine;
N-{2-[2-ethyl-3-(phenylsulfonyl)-1H-indol-5-yl]ethyl}-
N-methylamine; or
N-methyl-N-{2-[2-phenyl-3-(phenylsulfonyI)-1
H-indol-5-yl]ethyl}amine;or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments, the compound of Formula I-C is:
N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-1H-indol-6-yl]et
hyl} amine; N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}amine;
N-ethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}amine; N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}-N-propylamine;
N-{2-[3-(phenylsulfonyl)-1H-indol-6-yl]ethyl}propan-2-
amine; N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}cyclopropanamine; N- -
-CphenylsulfonylJ-IH-indol-d-yOethylJcyclobutanamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}cyclopentanamine;
N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}cyclohexanamine;
N-ethyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}amine;
N-cyclohexyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-6- yl]ethyl}amine;
N,N-diethyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}amine;
3-(phenylsulfonyl)-6-(2-pyrrolidin-1 -ylethyl)-1
H-indole; 3-(phenylsulfonyl)-6-(2-piperidin-1
-ylethyl)-1 H-indole;
4-(2-morpholin-6-ylethyl)-3-(phenylsulfonyl)-1
H-indole; 3-phenylsulfonyl-6-(2-piperazin-1
-yl-ethyl)-1 H-indole;
N-isobutyl-N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}amine;
(1-Ethyl-propyl)-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]-ethyl}-amine; {2-[3-(phenylsulfonyl)-1
H-indol-6-yl]-ethyl}-(2-methyl-butyl)-amine;
N-{2-[3-(phenylsulfonyl)-1 H-indo!-6-yl]ethyl}-N-(1
,2,2- trimethylpropyl)amine;
N-(2,2-dimethylpropyl)-N-{2-[3-(phenylsulfonyl)-1
H-indol-6- 



yl]ethyl}amine; N-{2-[3-(phenylsulfonyl)-1
H-indol-6-yl]ethyl}-N-((tetrahydrofur-2-
yl)methyl)amine;
6-(2-Azetidin-1-yl-ethyl)-3-phenylsulfonyl-1 H-indole;
or {2-[3-(phenylsulfonyl)-1 H-indol-6-yl]ethyl}amine;
or pharmaceutically acceptable salt or prodrug
thereof. In some embodiments, the compound of Formula
I-D is: N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-i
H-indol-7-yl]ethyl}amine;
N-methyl-N-{2-[3-(phenylsuifonyl)-1
H-indol-7-yl]ethyl} amine; N-{2-[3-(phenylsulfonyl)-i
H-indol-7-yl]ethyl}-N-propylamine;
N-{2-[3-(phenylsulfonyl)-i
H-indol-7-yl]ethyl}propan-2-amine;
N-{2-[3-(phenylsulfonyl)-iH-indol-7-yl]ethyl}cycloprop
anamine; N-{2-[3-(phenylsulfonyl)-i
H-indol-7-yl]ethyl}cyclopentanamine;
N-ethyl-N-methyl-N-{2-[3-(phenylsulfonyl)-1H-indol-7-y
l]ethyl} amine;
N,N-diethyl-N-{2-[3-(phenylsulfonyl)-1H-indol-7-yl]eth
yl}amine; 3-(phenylsulfonyl)-7-(2-pyrrolidin-1
-ylethyl)-1 H-indole;
3-(phenylsulfonyl)-7-(2-piperidin-1-ylethyl)-1
H-indole;
7-(2-morpholin-4-ylethyl)-3-(phenylsulfonyl)-1
H-indole; {2-[3-(phenylsulfonyl)-1
H-indol-7-yl]ethyl}amine; or
3-(phenylsulfonyl)-7-(2-piperazin-1 -ylethyl)-1
H-indole; or pharmaceutically acceptable salt or
prodrug thereof. At various places in the present
specification, substituents of compounds of the
invention are disclosed in groups or in ranges. It is
specifically intended that the invention include each
and every individual subcombination of the members of
such groups and ranges. For example, the term "Ci -6
alkyl" is specifically intended to individually
disclose methyl, ethyl, C3 alkyl, C4 alkyl, C5 alkyl,
and C6 alkyl. It is further appreciated that certain
features of the invention, which are, for clarity,
described in the context of separate embodiments, can
also be provided in combination in a single
embodiment. Conversely, various features of the
invention which are, for brevity, described in the
context of a single embodiment, can also be provided
separately or in any suitable subcombination. For
example, the embodiments described in the context of
Formula I can also be provided for Formulas I-A, I-B,
I-C, or I-D. For compounds of the invention in which a
variable appears more than once, each variable can be
a different moiety independently selected from the
group defining the variable. For example, where a
structure is described having two R groups that are
simultaneously present on the same compound, the two R
groups can represent different moieties independently
selected from the group defined for R. In another
example, when an optionally multiple substituent is
designated in the form:then it is understood that
substituent R can occur p number of times on the ring,
and R can be a different moiety at each occurrence.
Further, in the above example, should the variable Q
be defined to include hydrogens, such as when Q is
said to be CH2, NH, etc., any floating substituent
such as R in the above example, can replace a hydrogen
of the Q variable as well as a hydrogen in any other
non-variable component of the ring. The term
"n-membered" where n is an integer typically describes
the number of ring-forming atoms in a moiety where the
number of ring-forming atoms is n. For example,
piperidinyl is an example of a 6-membered
heterocycloalkyl ring and
1,2,3,4-tetrahydro-naphthalene is an example of a
10-membered cycloalkyl group. At various places in the
present specification, linking substituents are
described it is specifically intended that each
linking substituent include both the forward and
backward forms of the linking substituent. For
example, C(O)O includes both C(O)O and OC(O). As used
herein, the term "alkyl", employed alone or in
combination with other terms, refers to a saturated
hydrocarbon group that may be straight-chain or
branched. In some embodiments, the alkyl group
contains 1 to 10 or 1 to 6 carbon atoms. Examples of
alkyl moieties include, but are not limited to,
chemical groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, fe/t-butyl, isobutyl, sec-butyl;
higher homologs such as 2-methyl-1 -butyl, n-pentyl,
3-pentyl, n-hexyl, 1,2,2- trimethylpropyl, n-heptyl,
n-octyl, and the like. As used herein, the term
"alkylene", employed alone or in combination with
other terms, refers to a divalent alkyl linking group.
In some embodiments, the alkylene group contains 2 to
5 carbon atoms. Examples of alkylene groups include,
but are not limited to, ethan-1 ,2-diyl, propan-1
,3-diyl, propan-1 ,2-diyl, butan-1 ,4-diyl, butan-1
,3-diyl, butan-1 ,2-diyl, 2-methyl-propan-1 ,3-diyl,
and the like. As used herein, "alkenyl", employed
alone or in combination with other terms, refers to an
alkyl group having one or more double carbon-carbon
bonds. In some embodiments, the alkenyl moiety
contains 2 to 10 or 2 to 6 carbon atoms. Example
alkenyl groups include, but are not limited to,
ethenyl, n-propenyl, isopropenyl, nbutenyl,
sec-butenyl, and the like. As used herein, the term
"alkenylene", employed alone or in combination with
other terms, refers to a divalent alkenyl group. In
some embodiments, the alkenylenemoiety contains 2 to 5
carbon atoms. Example alkenylene groups include, but
are not limited to, ethen-1 ,2-diyl, propen-1 ,3-diyl,
propen-1 ,2-diyl, buten-1 ,4-diyl, buten- 1,3-diyl,
buten-1 ,2-diyl, 2-methyl-propen-1 ,3-diyl, and the
like. As used herein, "alkynyl", employed alone or in
combination with other terms, refers to an alkyl group
having one or more triple carbon-carbon bonds. Example
alkynyl groups include, but are not limited to,
ethynyl, propyn-1-yl, propyn-2-yl, and the like. In
some embodiments, the alkynyl moiety contains 2 to 10
or 2 to 6 carbon atoms. As used herein, the term
"alkynylene", employed alone or in combination with
other terms, refers to a divalent alkynyl group. In
some embodiments, the alkynylene moiety contains 2 to
5 carbon atoms. Example alkynylene groups include, but
are not limited to, ethyn-1 ,2-diyl, propyn-1
,3,-diyl, 1-butyn-1 ,4-diyl, 1-butyn-1 ,3-diyl, 2-
butyn-1 ,4-diyl, and the like. As used herein, the
term "haioalkyl", employed alone or in combination
with other terms, refers to an alkyl group having from
one halogen atom to 2n+1 halogen atoms which may be
the same or different, where "n" is the number of
carbon atoms 



in the alkyl group. As used herein, the term
"carbonyl", employed alone or in combination with
other terms, refers to a -G(O)- group, which is a
divalent one-carbon moiety further bonded to an oxygen
atom with a double bond. As used herein, the term
"sulfinyl", employed alone or in combination with
other terms, refers to a -S(O)- group, which is a
divalent one-sulfur moiety further bonded to an oxygen
atom with a double bond. As used herein, the term
"sulfonyl", employed alone or in combination with
other terms, refers to a -S(O) 2- group, which is a
divalent one-sulfur moiety further bonded to two
oxygen atoms via double bonds. As used herein, the
term "cycloalkyl", employed alone or in combination
with other terms, refers to a non-aromatic cyclic
hydrocarbon moiety, which may optionally contain one
or more alkenylene or alkynylene groups as part of the
ring structure. Cycloalkyl groups can include mono- or
polycyclic (e.g., having 2, 3 or 4 fused or covalently
linked rings) ring systems. Also included in the
definition of cycloalkyl are moieties that have one or
more aromatic rings fused (i.e., having a bond in
common with) to the cycloalkyl ring, for example,
benzo derivatives ofpentane, pentene, hexane, and the
like. Cycloalkyl groups can be characterized as having
3 to 14 ring members. One or more ring-forming carbon
atoms of a cycloalkyl group can be oxidized to form
carbonyl linkages. Example cycloalkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclopentenyl, cyclohexenyl,
cyclohexadienyl, cycloheptatrienyl, norbornyl,
norpinyl, norcarnyl, adamantyl, and the like. In some
embodiments, the cycloalkyl group is cyclopropyl,
cyclobutyl, cyclopentyl, or cyclohexyl. As used
herein, the term "heterocycloalkyl", "heterocycloalkyl
ring", or "heterocycloalkyl group", employed alone or
in combination with other terms, refers to
non-aromatic ring system, which may optionally contain
one or more alkenylene or alkynylene groups as part of
the ring structure, and which has at least one
heteroatom ring member selected from nitrogen, sulfur
and oxygen. When the heterocycloalkyl groups contains
more than one heteroatom, the heteroatoms may be the
same or different. Heterocycloalkyl groups can include
mono- or polycyclic (e.g., having 2, 3 or 4 fused or
covalently bonded rings) ring systems.
Heterocycloalkyl groups can be characterized as having
3-20 ring-forming atoms. The carbon atoms or
hetereoatoms in the ring(s) of the heterocycloalkyl
group can be oxidized to form a carbonyl, sulfinyl, or
sulfonyl group (or other oxidized linkage) or a
nitrogen atom can be quaternized. Example
heterocycloalkyl groups include, but are not limited
to, the following rings wherein Q is NR, O or S: In
some embodiments, the heterocyclyl group may be
substituted as specified. In some embodiments, the
heterocycloalkyl group is pyrrolidin-1-yl,
piperidin-1-yl, morpholin-4-yl, piperazin-1-yl,
azepan-1-yl, azetidin-1-yl,
2,6-dimethylpiperidin-1-yl, 2-methylpyrrolidin-1-yl,
2-methylpiperidin-1-yl, 3-methylpiperidin-1-yl, or 4-
methylpiperazin-1-yl. As used herein, the term "aryl",
employed alone or in combination with other terms,
refers to a monocyclic or polycyclic (e.g., having 2,
3 or 4 fused or covalently linked rings) aromatic
hydrocarbon moiety, such as, but not limited to,
phenyl, 1- naphthyl, 2-naphthyl, anthracenyl,
phenanthrenyl, and the like. In some embodiments, the
aryl group may be substituted as specified. For
example, in someembodiments, the aryl group is phenyl
optionally substituted by 1, 2, 3, or 4 halogen atoms.
As used herein, the term "heteroaryl", "heteroaryl
ring", or "heteroaryl group", employed alone or in
combination with other terms, refers to a monocyclic
or polycyclic (e.g., having 2, 3 or 4 fused or
covalently linked rings) aromatic hydrocarbon moiety,
having one or more heteroatom ring members selected
from nitrogen, sulfur and oxygen. When the heteroaryl
group contains more than one heteroatom ring member,
the heteroatoms may be the same or different. Example
heteroaryl groups include, but are not limited to,
pyrrolyl, azolyl, oxazolyl, thiazolyl, imidazolyl,
furyl, thienyl, quinolinyl, isoquinolinyl, indolyl,
benzothienyl, benzofuranyl, benzisoxazolyl, imidazo[1
,2-b]thiazolyl or the like. In some embodiments, the
heteroaryl group has 5 to 10 carbon atoms. As used
herein, the term "cycloalkylalkyl" refers to a group
of formula -alkylcycloalkyl. In some embodiments, the
alkyl portion of the cycloalkylalkyl group has 1 to 6
carbon atoms. As used herein, the term
"heterocycloalkylalkyl" refers to a group of formula -
alkyl-heterocycloalkyl. In some embodiments, the alkyl
portion of the heterocycloalkylalkyl group has 1 to 6
carbon atoms. In some embodiments, the alkyl portion
of the heterocycloalkylalkyl group is methylene. In
some embodiments, the heterocycloalkylalkyl group is
(tetrahydrofur-2-yl)methyl. As used herein, the term
"arylalkyl" refers to a group of formula -alkyl-aryl.
In some embodiments, the alkyl portion of the
arylalkyl group has 1 to 6 carbon atoms. In some
embodiments, the alkyl portion of the arylalkyl group
is methyl. In some embodiments, the arylalkyl group is
benzyl. As used herein, the term "heteroarylalkyl"
refers to a group of formula -alkylheteroaryl. In some
embodiments, the alkyl portion of the heteroaryl group
has 1 to 6 carbon atoms. As used herein, the term
"cycloalkyloxy" refers to a group of formula
-Ocycloalkyl. As used herein, the term
"heterocycloalkyloxy" refers to a group of formula -
O-heterocycloalkyl. As used herein, the term "aryloxy"
refers to a group of formula -O-aryl.As used herein,
the term "heteroaryloxy" refers to a group of formula
-Oheteroaryl. The compounds in this invention may
contain one or more asymmetric centers, which can thus
give rise to optical isomers (enantiomers) and
diastereomers. While shown without respect to the
stereochemistry in Formulas I, I-A, I-B, I-C, and I-D,
the present invention includes such optical isomers
(enantiomers) and diastereomers (geometric isomers);
as well as the racemic and resolved, enantiomerically
pure R and S stereoisomers; as well as other mixtures
of the R and S stereoisomers and pharmaceutically
acceptable salts thereof. The use of these compounds
is intended to cover the racemic mixture or either of
the chiral enantiomers. 



Optical isomers can be obtained in pure form by
standard procedures known to those skilled in the art,
and include, but are not limited to, diastereomeric
salt formation, kinetic resolution, and asymmetric
synthesis. See, for example, Jacques, et al.,
Enantiomers, Racemates and Resolutions (Wiley
Interscience, New York, 1981); Wilen, S.H., et al.,
Tetrahedron 33:2725 (1977); Eliel, E.L.
Stereochemistry of Carbon Compounds (McGraw-Hill, NY,
1962); Wilen, S.H. Tables of Resolving Agents and
Optical Resolutions p. 268 (E.L. Eliel, Ed., Univ. of
Notre Dame Press, Notre Dame, IN 1972), each of which
is incorporated herein by reference in their
entireties. It is also understood that this invention
encompasses ail possible regioisomers, and mixtures
thereof, which can be obtained in pure form by
standard separation procedures known to those skilled
in the art, and include, but are not limited to,
column chromatography, thin-layer chromatography, and
highperformance liquid chromatography. One skilled in
the art will also recognize that it is possible for
tautomers to exist for the compounds of the present
invention. The present invention includes all such
tautomers even though not shown in the formulas
herein. Compounds of the invention can also include
all isotopes of atoms occurring in the intermediates
or final compounds. Isotopes include those atoms
having the same atomic number but different mass
numbers. For example, isotopes of hydrogen include
tritium and deuterium. The compounds of the present
invention also include pharmaceutically acceptable
salts of the compounds disclosed herein. As used
herein, the term"pharmaceutically acceptable salt"
refers to a salt formed by the addition of a
pharmaceutically acceptable acid or base to a compound
disclosed herein. As used herein, the phrase
"pharmaceutically acceptable" refers to a substance
that is acceptable for use in pharmaceutical
applications from a toxicological perspective and does
not adversely interact with the active ingredient.
Pharmaceutically acceptable salts, including mono- and
bi- salts, include, but are not limited to, those
derived from organic and inorganic acids such as, but
not limited to, acetic, lactic, citric, cinnamic,
tartaric, succinic, fumaric, maleic, malonic,
mandelic, malic, oxalic, propionic, hydrochloric,
hydrobromic, phosphoric, nitric, sulfuric, glycolic,
pyruvic, methanesulfonic, ethanesulfonic,
toluenesulfonic, salicylic, benzoic, and similarly
known acceptable acids. Lists of suitable salts are
found in Remington's Pharmaceutical Sciences, 17th
ed., Mack Publishing Company, Easton, Pa., 1985, p.
1418 and Journal of Pharmaceutical Science, 66, 2
(1977), each of which is incorporated herein by
reference in their entireties. The present invention
also includes prodrugs of the compounds described
herein. As used herein, "prodrug" refers to a moiety
that releases a compound of the invention when
administered to a patient. Prodrugs can be prepared by
modifying functional groups present in the compounds
in such a way that the modifications are cleaved,
either in routine manipulation or in vivo, to the
parent compounds. Examples of prodrugs include
compounds of the invention as described herein that
contain one or more molecular moieties appended to a
hydroxyl, amino, sulfhydryl, or carboxyl group of the
compound, and that when administered to a patient,
cleaves in vivo to form the free hydroxyl, amino,
sulfhydryl, or carboxyl group, respectively. Examples
of prodrugs include, but are not limited to, acetate,
formate and benzoate derivatives of alcohol and amine
functional groups in the compounds of the invention.
Preparation and use of prodrugs is discussed in T.
Higuchi and V. Stella, "Pro-drugs as Novel Delivery
Systems," Vol. 14 of the A.C.S. Symposium Series, and
in Bioreversible Carriers in Drug Design, ed. Edward
B. Roche, American Pharmaceutical Association and
Pergamon Press, 1987, both of which are incorporated
herein by reference in their entireties. The Formula
I, I-A, I-B, I-C, and I-D compounds of the invention
are useful for the treatment of disorders that are
related to or affected by the 5-HT6 receptor,
including, without limitation, learning, cognitive,
and memory disorders; personalitydisorders; behavioral
disorders; movement disorders; neurodegenerative
disorders; and drug withdrawal. As used herein, the
term "5-HT6 receptor" refers to the 5-
hydroxytryptamine-6 receptor. Disorders that are
related to or affected by the 5-HT6 receptor includes
those disorders whose symptomatology, progression,
development, and/or pathology are associated or
affected by the 5-HT6 receptor. Accordingly, the
present invention provides a method of treating
disorders that are related to or affected by the 5-HT6
receptor which comprises administering to a patient in
need thereof a therapeutically effective amount of a
compound of Formula I or pharmaceutically acceptable
salt or prodrug thereof. In some embodiments, the
present invention provides a method of treating
disorders that are related to or affected by the 5-HT6
receptor which comprises administering to a patient in
need thereof a therapeutically effective amount of a
compound of Formula I-A, or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments, the present invention provides a method
of treating disorders that are related to or affected
by the 5-HT6 receptor which comprises administering to
a patient in need thereof a therapeutically effective
amount of a compound of Formula I-B, or
pharmaceutically acceptable salt or prodrug thereof.
In some embodiments, the present invention provides a
method of treating disorders that are related to or
affected by the 5-HT6 receptor which comprises
administering to a patient in need thereof a
therapeutically effective amount of a compound of
Formula I-C, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments, the present
invention provides a method of treating disorders that
are related to or affected by the 5-HT6 receptor which
comprises administering to a patient in need thereof a
therapeutically effective amount of a compound of
Formula I-D, or pharmaceutically acceptable salt or
prodrug thereof. The methods can include all of the
embodiments for the compounds of Formulas I, I-A, I-B,
I-C, and I-D hereinbefore described, including various
combinations and subcombinations of the embodiments.
Additionally, compounds of Formulas 1, 1-A, I-B, I-C,
and I-D are useful for the treatment of disorders that
are related to or affected by the 5-HT2A receptor,
including, without limitation, personality disorders
such as schizophrenia; movement disorders such as
Parkinson's disease, tardive dyskinesia, ataxia,
bradykinesia, paroxysmal dyskinesia, restless leg
syndrome, tremor, essential tremor, and 



epilepsy; behavioral disorders such as depression,
obsessive compulsive disorder,suicidality, anxiety
disorder, bipolar disorder, and panic disorder; eating
disorders such as anorexia nervosa, bulimia nervosa,
night eating syndrome, and compulsive overeating;
sleep disorders such as insomnia, sleep apnea,
narcolepsy, seasonal affective disorder, restless leg
syndrome, shift work sleep disorder, and delayed sleep
phase syndrome; drug withdrawal; acute toxicity
associated with certain psychotomimetic agents such as
LSD or MDMA; cardiovascular conditions such as
coronary artery disease, myocardial infarction,
transient ischemic attack, angina, atrial
fibrillation, reducing platelet aggregation and
reducing the risk of blood clot formation; sexual
dysfunction; gastrointestinal disorders such as
irritable bowel syndrome, chronic constipation,
gastroesophageal reflux disease, and dyspepsia;
genitourinary disorders such as stress urinary
incontinence and urge urinary incontinence; vasomotor
disorders; and pain and nerve disorders. As used
herein, the term "5-HT2A receptor" refers to the
5-hydroxytryptamine-2A receptor. Disorders that are
related to or affected by the 5-HT2A receptor includes
those disorders whose symptomatology, progression,
development, and/or pathology are associated or
affected by the 5-HT2A receptor. Accordingly, the
present invention provides a method of treating
disorders that are related to or affected by the
5-HT2A receptor which comprises administering to a
patient in need thereof a therapeutically effective
amount of a compound of Formula I, or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments, the present invention provides a method
of treating disorders that are related to or affected
by the 5-HT2A receptor which comprises administering
to a patient in need thereof a therapeutically
effective amount of a compound of Formula I-A, or
pharmaceutically acceptable salt or prodrug thereof.
In some embodiments, the present invention provides a
method of treating disorders that are related to or
affected by the 5-HT2A receptor which comprises
administering to a patient in need thereof a
therapeutically effective amount of a compound of
Formula I-B, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments, the present
invention provides a method of treating disorders that
are related to or affected by the 5-HT2A receptor
which comprises administering to a patient in need
thereof a therapeutically effective amount of a
compound of Formula I-C, or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments, the present invention provides a method
of treating disorders that are related to oraffected
by the 5-HT2A receptor which comprises administering
to a patient in need thereof a therapeutically
effective amount of a compound of Formula I-D, or
pharmaceutically acceptable salt or prodrug thereof.
The methods can include all of the embodiments for the
compounds of Formulas I, I-A, I-B, I-C, and 1-D
hereinbefore described, including various combinations
and subcombinations of the embodiments. Additionally,
compounds of Formula I, I-A, I-B, I-C, and I-D are
useful for the treatment of disorders that are related
to or affected by norepinephrine reuptake inhibition,
including, without limitation, vasomotor symptoms
(VMS) disorders such as hot flushes and night sweats;
behavioral disorders such as major depressive
disorder, obssessive compulsive disorder, suicidality,
anxiety disorder, bipolar disorder, and panic
disorder; sexual dysfunction; gastrointestinal
disorders such as irritable bowel syndrome, chronic
constipation, gastroesophageal reflux disease, and
dyspepsia; genitourinary disorders such as stress
urinary incontinence and urge urinary incontinence;
learning, cognitive, or memory disorders such as
attention deficit disorder or Alzheimer's disease; and
nerve or pain disorders such as chronic fatigue
syndrome, fibromyalgia syndrome, diabetic neuropathy,
chronic pain, pain neuropathy, and antinociceptive
pain. Accordingly, the present invention provides a
method of treating disorders that are related to or
affected by norepinephrine reuptake inhibition which
comprises administering to a patient in need thereof a
therapeutically effective amount of a comopund of
Formula I, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments, the present
invention provides a method of treating disorders that
are related to or affected by norepinephrine reuptake
inhibition which comprises administering to a patient
in need thereof a therapeutically effective amount of
a compound of Formula I-A, or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments, the present invention provides a method
of treating disorders that are related to or affected
by norepinephrine reuptake inhibition which comprises
administering to a patient in need thereof a
therapeutically effective amount of a compound of
Formula I-B, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments, the present
invention provides a method of treating disorders that
are related to or affected by norepinephrine reuptake
inhibition which comprises administering to a patient
in need thereof a therapeutically effective amount of
a compound of Formula I-C, or pharmaceutically
acceptable salt orprodrug thereof. In some
embodiments, the present invention provides a method
of treating disorders that are related to or affected
by norepinephrine reuptake inhibition which comprises
administering to a patient in need thereof a
therapeutically effective amount of a compound of
Formula I-D, or pharmaceutically acceptable salt or
prodrug thereof. The methods can include all of the
embodiments for the compounds of Formulas I, I-A, I-B,
I-C, and I-D hereinbefore described, including various
combinations and subcombinations of the embodiments.
In some embodiments, the present invention provides a
method of treating a learning disorder, cognitive
disorder or memory disorder comprising administering
to a patient in need thereof a therapeutically
effective amount of a compound of Formula I, or
pharmaceutically acceptable salt or prodrug thereof.
In some embodiments of the method, the compound has
Formula I-A. In some embodiments of the method, the
compound has Formula I-B. In some embodiments of the
method, the compound has Formula I-C. In some
embodiments of the method, the compound has Formula
I-D. The method can include all of the embodiments for
the compounds of Formulas I, I-A, I-B, I-C, and I-D
hereinbefore described, including various combinations
and subcombinations of the embodiments. As used
herein, the term "learning disorder" refers to a
disorder, injury or disease that interferes with the
ability of a patient to learn or to make academic
progress. As used herein, the term "cognitive
disorder" refers to a disorder, injury or disease that
interferes with the ability of a patient to understand
or comprehend 



external stimuli or concepts, or that intereferes with
the ability of a patient to interact socially. As used
herein, the term "memory disorder" refers to a
disorder, injury or disease that interferes with the
short- or long-term memory of a patient. In some
embodiments, the learning disorder, cognitive
disorder, or memory disorder is Alzheimer's disease or
attention deficit disorder. As used herein, the term
"attention deficit disorder" refers to ADD or ADHD. As
used herein, the term "ADD" refers to attention
deficit disorder, and the term "ADHD" refers to
attention deficit hyperactivity disorder. In some
embodiments, the present invention provides a method
of treating a personality disorder comprising
administering to a patient in need thereof a
therapeutically effective amount of a compound of
Formula I, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments of the method,
thecompound has Formula I-A. In some embodiments of
the method, the compound has Formula I-B. In some
embodiments of the method, the compound has Formula
I-G. In some embodiments of the method, the compound
has Formula I-D. The method can include all of the
embodiments for the compounds of Formulas I, I-A, I-B,
I-C, and I-D hereinbefore described, including various
combinations and subcombinations of the embodiments.
As used herein, the term "personality disorder" refers
to any disorder, injury or disease that interferes
with the personality or social functioning of a
patient. In some embodiments, the personality disorder
is schizophrenia. In some embodiments, the present
invention provides a method of treating a behavioral
disorder comprising administering to a patient in need
thereof a therapeutically effective amount of a
compound of Formula I1 or pharmaceutically acceptable
salt or prodrug thereof. In some embodiments of the
method, the compound has Formula I-A. In some
embodiments of the method, the compound has Formula
I-B. In some embodiments of the method, the compound
has Formula I-C. In some embodiments of the method,
the compound has Formula I-D. The method can include
all of the embodiments for the compounds of Formulas
I, I-A, I-B, I-C, and I-D hereinbefore described,
including various combinations and subcombinations of
the embodiments. As used herein, the term "behavioral
disorder" refers to a disorder, injury or disease that
interferes with the behavior or emotional state of a
patient. In some embodiments, the behavorial disorder
is depression, obsessive compulsive disorder,
suicidality, anxiety disorder, bipolar disorder, or
panic disorder. In some embodiments, the present
invention provides a method of treating a movement
disorder comprising administering to a patient in need
thereof a therapeutically effective amount of a
compound of Formula I1 or pharmaceutically acceptable
salt or prodrug thereof. In some embodiments of the
method, the compound has Formula I-A. In some
embodiments of the method, the compound has Formula
I-B. In some embodiments of the method, the compound
has Formula I-C. In some embodiments of the method,
the compound has Formula I-D. The method can include
all of the embodiments for the compounds of Formulas
I, I-A, I-B, I-C, and I-D hereinbefore described,
including various combinations and subcombinations of
the embodiments.As used herein, the term "movement
disorder" refers to a disorder, injury, or disease
that interferes with the bodily movements of a
patient. In some embodiments, the movement disorder is
Parkinson's disease, tardive dyskinesia, ataxia,
bradykinesia, paroxysmal dyskinesias, restless leg
syndrome, tremor, essential tremor, or epilepsy. In
some embodiments, the present invention provides a
method of treating a neurodegenerative disorder
comprising administering to a patient in need thereof
a therapeutically effective amount of a compound of
Formula I, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments of the method,
the compound has Formula I-A. In some embodiments of
the method, the compound has Formula I-B. In some
embodiments of the method, the compound has Formula
I-C. In some embodiments of the method, the compound
has Formula I-D. The method can include all of the
embodiments for the compounds of Formulas I, I-A, I-B,
I-C, and I-D hereinbefore described, including various
combinations and subcombinations of the embodiments.
As used herein, the term "neurodegenerative disorder"
refers to disorders associated with the nervous system
of a patient, including, but not limited to the brain,
spinal cord, and nerves. In some embodiments, the
neurodegenerative disorder is stroke, head trauma,
Parkinson's disease, or Alzheimer's disease. In some
embodiments, the present invention provides a method
of treating drug withdrawal comprising administering
to a patient in need thereof a therapeutically
effective amount of a compound of Formula I, or
pharmaceutically acceptable salt or prodrug thereof.
In some embodiments of the method, the compound has
Formula I-A. In some embodiments of the method, the
compound has Formula I-B. In some embodiments of the
method, the compound has Formula I-C. In some
embodiments of the method, the compound has Formula
I-D. The method can include all of the embodiments for
the compounds of Formulas I, I-A, 1-B, I-C, and I-D
hereinbefore described, including various combinations
and subcombinations of the embodiments. As used
herein, the phrase "drug withdrawal" refers to
symptoms and/or pathology associated with
discontinuing or reducing use of a compound or
substanceby a patient who has become physically and/or
psychologically dependent on the compound or substance
after a period of use. In some embodiments, the drug
withdrawal is nicotine withdrawal, alcohol withdrawal,
cocaine withdrawal, heroin withdrawal, amphetamine
withdrawal or narcotic drug withdrawal. In some
embodiments, the present invention provides a method
of treating a sleep disorder comprising administering
to a patient in need thereof a therapeutically
effective amount of a compound of Formula I, or
pharmaceutically acceptable salt or prodrug thereof.
In some embodiments of the method, the compound has
Formula IA. In some embodiments of the method, the
compound has Formula I-B. In some embodiments of the
method, the compound has Formula I-C. In some
embodiments 



of the method, the compound has Formula I-D. The
method can include all of the embodiments for the
compounds of Formulas I, I-A, I-B, I-C, and I-D
hereinbefore described, including various combinations
and subcombinations of the embodiments. As used
herein, the term "sleep disorder" refers to a
disorder, injury, or disease that interferes with the
normal sleep of a patient. In some embodiments, the
sleep disorder is insomnia, sleep apnea, narcolepsy,
seasonal affective disorder, restless leg syndrome,
shift work sleep disorder, or delayed sleep phase
syndrome. In some embodiments, the present invention
provides a method of treating an eating disorder
comprising administering to a patient in need thereof
a therapeutically effective amount of a compound of
Formula I, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments of the method,
the compound has Formula IA. In some embodiments of
the method, the compound has Formula 1-B. In some
embodiments of the method, the compound has Formula
I-C. In some embodiments of the method, the compound
has Formula I-D. The method can include all of the
embodiments for the compounds of Formulas I, I-A, I-B,
I-C, and I-D hereinbefore described, including various
combinations and subcombinations of the embodiments.
As used herein, the term "eating disorder" refers to a
disorder or syndrome in which the patient eats in a
way that disturbs his or her physical or mental health
or that disrupts his or her normal daily activities.
In some embodiments, the eating disorder is anorexia
nervosa, bulimia nervosa, night eating syndrome, or
compulsive overeating.In some embodiments, the present
invention provides a method of treating acute drug
toxicity comprising administering to a patient in need
thereof a therapeutically effective amount of a
compound of Formula I, or pharmaceutically acceptable
salt or prodrug thereof. In some embodiments of the
method, the compound has Formula I-A. In some
embodiments of the method, the compound has Formula
I-B. In some embodiments of the method, the compound
has Formula I-C. In some embodiments of the method,
the compound has Formula I-D. The method can include
all of the embodiments for the compounds of Formulas
I, I-A, I-B, I-C, and I-D hereinbefore described,
including various combinations and subcombinations of
the embodiments. As used herein, the term "acute drug
toxicity" refers to adverse physical, neurological, or
mental effects occurring within a short time of
administration of a single dose of a chemical
substance, or immediately following short or
continuous exposure, or multiple doses over a short
period of time, such as twenty-four hours. The adverse
effects include long-term and short-term effects on
the patient from the exposure to the drug. Acute drug
toxicity can result from exposure to various drugs,
including, but not limited to,
3,4-methylenedioxymethamphetamine (MDMA) or lysergic
acid diethylamide (LSD). In some embodiments, the
present invention provides a method of treating a
cardiovascular disorder comprising administering to a
patient in need thereof a therapeutically effective
amount of a compound of Formula 1, or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments of the method, the compound has Formula
I-A. In some embodiments of the method, the compound
has Formula I-B. In some embodiments of the method,
the compound has Formula I-G. In some embodiments of
the method, the compound has Formula I-D. The method
can include all of the embodiments for the compounds
of Formulas I, I-A, I-B, I-C, and I-D hereinbefore
described, including various combinations and
subcombinations of the embodiments. As used herein,
the term "cardiovascular disease" refers to a
disorder, injury, or disease that detrimentally
affects the heart or blood vessels. In some
embodiments, the cardiovascular disorder is coronary
artery disease, myocardial infarction, transient
ischemic attack, angina, atrial fibrillation, platelet
aggregation, or risk of blood clot formation.In some
embodiments, the present invention provides a method
of treating sexual dysfunction comprising
administering to a patient in need thereof a
therapeutically effective amount of a compound of
Formula I, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments of the method,
the compound has Formula I-A. In some embodiments of
the method, the compound has Formula I-B. In some
embodiments of the method, the compound has Formula
I-G. In some embodiments of the method, the compound
has Formula 1-D. The method can include all of the
embodiments for the compounds of Formulas I, I-A, I-B,
I-C, and 1-D hereinbefore described, including various
combinations and subcombinations of the embodiments.
In some embodiments, the present invention provides a
method of treating a gastrointenstinal disorder
comprising administering to a patient in need thereof
a therapeutically effective amount of a compound of
Formula I, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments of the method,
the compound has Formula I-A. In some embodiments of
the method, the compound has Formula I-B. In some
embodiments of the method, the compound has Formula
I-C. In some embodiments of the method, the compound
has Formula 1-D. The method can include all of the
embodiments for the compounds of Formulas I, I-A, I-B,
I-C, and 1-D hereinbefore described, including various
combinations and subcombinations of the embodiments.
As used herein, the term "gastrointenstinal disorder"
refers to a condition or disease affecting the
gastrointestinal system as it extends from the
esophagus to the rectum. Examples of gastrointestinal
disorders that are treatable by the methods of the
invention include the gastrointestinal disorders
listed in M.H. Beers & R. Berkow, The Merck Manual of
Diagnosis and Treatment, section 3 (17th ed., John
Wiley and Sons, 1999), which is incorporated herein by
reference in its entirety. In some embodiments, the
gastrointenstinal disorder is irritable bowel
syndrome, chronic constipation, gastroesophageal
reflux disease, or dyspepsia. In some embodiments, the
present invention provides a method of treating a
genitourinary disorder comprising administering to a
patient in need thereof a therapeutically effective
amount of a compound of Formula I, or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments of the method, the 



compound has Formula I-A. In some embodiments of the
method, the compoundhas Formula I-B. In some
embodiments of the method, the compound has Formula
I-G. In some embodiments of the method, the compound
has Formula I-D. The method can include all of the
embodiments for the compounds of Formulas I, I-A, I-B,
I-C, and I-D hereinbefore described, including various
combinations and subcombinations of the embodiments.
As used herein, the term "genitourinary disorder"
refers to a disorder, disease, or injury associated
with urinary and genital organs. Examples of
genitourinary disorders that are treatable by the
methods of the invention include the genitourinary
disorders listed in M.H. Beers & R. Berkow, The Merck
Manual of Diagnosis and Treatment, section 17 (17th
ed., John Wiley and Sons, 1999), which is incorporated
herein by reference in its entirety. In some
embodiments, the genitourinary disorder is stress
urinary incontinence or urge urinary incontinence. In
some embodiments, the present invention provides a
method of treating a pain disorder or nerve disorder
comprising administering to a patient in need thereof
a therapeutically effective amount of a compound of
Formula I, or pharmaceutically acceptable salt or
prodrug thereof. In some embodiments of the method,
the compound has Formula I-A. In some embodiments of
the method, the compound has Formula I-B. In some
embodiments of the method, the compound has Formula
I-C. In some embodiments of the method, the compound
has Formula I-D. The method can include all of the
embodiments for the compounds of Formulas I, I-A, I-B,
I-C, and I-D hereinbefore described, including various
combinations and subcombinations of the embodiments.
As used herein, the term "nerve disorder" refers to a
disorder, disease, or injury that affects the nervous
system of a patient, including the brain, spinal cord,
and nerves. As used herein, the term "pain disorder"
refers to a disorder, disease, or injury that causes
pain in parts of a patient's body that include, but
are not limited to, the muscles, nerves, or bones. In
some embodiments, the pain disorder or nerve disorder
is chronic fatigue syndrome, fibromyalgia, pain
neuropathy, antinociceptive pain, chronic pain
syndrome, or diabetic neuropathy. In some embodiments,
the present invention provides a method of treating a
vasomotor symptom disorder comprising administering to
a patient in need thereof atherapeutically effective
amount of a compound of Formula I, or pharmaceutically
acceptable salt or prodrug thereof. In some
embodiments of the method, the compound has Formula
I-A. In some embodiments of the method, the compound
has Formula I-B. In some embodiments of the method,
the compound has Formula I-C. In some embodiments of
the method, the compound has Formula I-D. The method
can include all of the embodiments for the compounds
of Formulas I, I-A, I-B, 1-C, and I-D hereinbefore
described, including various combinations and
subcombinations of the embodiments. As used herein,
the term "vasomotor symptom disorder" refers to
symptoms and/or pathology associated with the nerves
or muscles that cause the blood vessels to constrict
or dilate. In some embodiments, the vasomotor symptom
disorder is hot flushes or night sweats. The disorders
specified in the embodiments herein can fall into one
or more of the defined disorders, and are not
restricted to one particular classification. For
example, Parkinson's disease can be classified as
either a neurodegenerative disorder or a movement
disorder. The present invention further provides a
compound of Formula I1 or pharmaceutically acceptable
salt or prodrug thereof, for use in a method of
treatment of the disorders described herein of the
human or animal body by therapy. The present invention
further provides use of a compound of Formula 1, or
pharmaceutically acceptable salt or prodrug thereof,
for the preparation of a medicament for use in the
treatment of the disorders described herein. As used
herein, the term "patient" refers to any animal,
including mammals, preferably mice, rats, other
rodents, rabbits, dogs, cats, swine, cattle, sheep,
horses, or primates, and most preferably humans. The
patient may be an adult, child, or infant. The phrase
"therapeutically effective amount" refers to the
amount of a compound of the invention that elicits the
biological or medicinal response in a tissue, system,
animal, individual, patient, or human that is being
sought by a researcher, veterinarian, medical doctor
or other clinician. The desired biological or
medicinal response may include preventing the disorder
in a patient (e.g., preventing the disorder in a
patient that may be predisposed to the disorder, but
does not yetexperience or display the pathology or
symptomatology of the disease). The desired biological
or medicinal response may also include inhibiting the
disorder in a patient that is experiencing or
displaying the pathology or symptomatology of the
disorder (i.e., arresting or slowing further
development of the pathology and/or symptomatology).
The desired biological or medicinal response may also
include ameliorating the disorder in a patient that is
experiencing or displaying the pathology or
symptomatology of the disease (i.e., reversing the
pathology or symptomatology). The therapeutically
effective amount provided in the treatment of a
specific disorder will vary depending the specific
disorder(s) being treated, the size, age, and response
pattern of the patient, the severity of the
disorder(s), the judgment of the attending clinician,
the manner of administration, and the purpose of the
administration, such as prophylaxis or therapy. In
general, effective amounts for daily oral
administration may be about 0.01 to 50 mg/kg,
preferably about 0.1 to 10 mg/kg and effective amounts
for parenteral administration may be about 0.01 to 10
mg/kg, preferably about 0.1 to 5 mg/kg. The compounds
of the invention may be administered orally or
parenterally, neat or in combination with one or more
conventional pharmaceutically acceptable carriers or
excipients. Accordingly, the present invention
provides a pharmaceutical composition which comprises
a compound of Formula I, or a pharmaceutically salt or
prodrug thereof, and a pharmaceutically acceptable
carrier. In some embodiments, the pharmaceutical
composition comprises a compound of Formula I-A, or a 



pharmaceutically acceptable salt or prodrug thereof,
and a pharmaceutically acceptable carrier. In some
embodiments, the pharmaceutical composition comprises
a compound of Formula I-B, or a pharmaceutically
acceptable salt or prodrug thereof, and a
pharmaceutically acceptable carrier. In some
embodiments, the pharmaceutical composition comprises
a compound of Formula I-C, or a pharmaceutically
acceptable salt or prodrug thereof, and a
pharmaceutically acceptable carrier. In some
embodiments, the pharmaceutical composition comprises
a compound of Formula I-D, or a pharmaceutically
acceptable salt or prodrug thereof, and a
pharmaceutically acceptable carrier. The
pharmaceutical compositions can include all of the
embodiments for the compounds of Formulas I, IA, I-B,
I-C, and I-D hereinbefore described, including various
combinations and subcombinations of the embodiments.In
some embodiments, the present invention provides a
compound of the invention, or pharmaceutically
acceptable salt thereof. In some embodiments, the
methods, uses, or pharmaceutical compositions of the
invention utilize a compound of the invention, or
pharmaceutically acceptable salt thereof. Solid
carriers suitable for use in the compositions of the
invention include one or more substances which may
also act as flavoring agents, lubricants,
solubilizers, suspending agents, fillers, glidants,
compression aides, binders, tablet-disintegrating
agents or encapsulating materials. In powders, the
carrier may be a finely divided solid which is in
admixture with a finely divided active ingredient. As
used herein, the term "active ingredient" refers to a
compound of Formula I, I-A, I-B, I-C, or I-D, or a
pharmaceutically acceptable salt or prodrug thereof.
In tablets, the active ingredient may be mixed with a
carrier having the necessary compression properties in
suitable proportions and compacted in the shape and
size desired. The powders and tablets may contain up
to 99% by weight of the active ingredient. Solid
carriers suitable for use in the composition of the
invention include calcium phosphate, magnesium
stearate, talc, sugars, lactose, dextrin, starch,
gelatin, cellulose, methyl cellulose, sodium
carboxymethyl cellulose, polyvinylpyrrolidine, low
melting waxes and ion exchange resins. Any
pharmaceutically acceptable liquid carrier suitable
for preparing solutions, suspensions, emulsions,
syrups and elixirs may be employed in the compositions
of the invention. The active ingredient may be
dissolved or suspended in a pharmaceutically
acceptable liquid carrier such as water, an organic
solvent, or a pharmaceutically acceptable oil or fat,
or a mixture thereof. The liquid composition may
contain other suitable pharmaceutical additives such
as solubilizers, emulsifiers, buffers, preservatives,
sweeteners, flavoring agents, suspending agents,
thickening agents, coloring agents, viscosity
regulators, stabilizers, osmo-regulators, or the like.
Suitable examples of liquid carriers for oral and
parenteral administration include water (particularly
containing additives as above, e.g., cellulose
derivatives, preferably sodium carboxymethyl cellulose
solution), alcohols (including monohydric alcohols and
polyhydric alcohols, e.g., glycols) or their
derivatives, or oils (e.g., fractionated coconut oil
and arachis oil). For parenteral administration the
carrier may also be an oily ester such as ethyl oleate
or isopropyl myristate. Sterile liquid carriers can be
used in sterile liquid form compositions for
parenteral administration.The liquid carrier for
pressurized compositions can be halogenated
hydrocarbon or other pharmaceutically acceptable
propellant. Compositions of the invention which are
sterile solutions or suspensions are suitable for
intramuscular, intraperitoneal or subcutaneous
injection. Sterile solutions may also be administered
intravenously. Inventive compositions suitable for
oral administration may be in either liquid or solid
composition form. The compounds of the invention can
be administered rectally or vaginally in the form of a
conventional suppository. For administration by
intranasal or intrabronchial inhalation or
insufflation, the compounds of the present invention
can be formulated into an aqueous or partially aqueous
solution, which can then be utilized in the form of an
aerosol. The compounds of the present invention can
also be administered transdermal^ through the use of a
transdermal patch containing the active compound and a
carrier that is inert to the active compound, is
non-toxic to the skin, and allows delivery of the
agent for systemic absorption into the blood stream
via the skin. The carrier can take any number of forms
such as creams and ointments, pastes, gels, and
occlusive devices. The creams and ointments can be
viscous liquid or semisolid emulsions of either the
oil-in-water or water-in-oil type. Pastes comprised of
absorptive powders dispersed in petroleum or
hydrophilic petroleum containing the active ingredient
can also be suitable. A variety of occlusive devices
can be used to release the active ingredient into the
blood stream such as a semipermeable membrane covering
a reservoir containing the active ingredient with or
without a carrier, or a matrix containing the active
ingredient. Other occlusive devices are known in the
literature. The pharmaceutical composition can be
administered in unit dosage form, e.g. as tablets,
capsules, powders, solutions, suspensions, emulsions,
granules, or suppositories. In such form, the
composition is sub-divided in unit dose containing
appropriate quantities of the active ingredient; the
unit dosage forms can be packaged compositions, for
example, packeted powders, vials, ampoules, prefilled
syringes or sachets containing liquids. The unit
dosage form can be, for example, a capsule or tablet
itself, or it can be the appropriate number of any
such compositions in package form. The compounds of
the present invention can be prepared in a variety of
ways known to one skilled in the art of organic
synthesis. The compounds of the presentinvention can
be synthesized using the methods as hereinafter
described below, together with synthetic methods known
in the art of synthetic organic chemistry or
variations thereon as appreciated by those skilled in
the art. The compounds of present invention can be
conveniently prepared in accordance with the
procedures outlined in the schemes below, from
commercially available starting materials, compounds
known in the literature, or readily prepared
intermediates, by employing standard synthetic methods
and procedures known to those skilled in the art.
Standard synthetic methods and procedures for the
preparation of organic molecules and functional group
transformations and manipulations can be readily
obtained from the relevant scientific literature or
from 



standard textbooks in the field. It will be
appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, times, mole
ratios of reactants, solvents, pressures, etc.) are
given, other process conditions can also be used
unless otherwise stated. Optimum reaction conditions
may vary with the particular reactants or solvent
used, but such conditions can be determined by one
skilled in the art by routine optimization procedures.
Those skilled in the art of organic synthesis will
recognize that the nature and order of the synthetic
steps presented may be varied for the purpose of
optimizing the formation of the compounds of the
invention. The processes described herein can be
monitored according to any suitable method known in
the art. For example, product formation can be
monitored by spectroscopic means, such as nuclear
magnetic resonance spectroscopy (e.g., 1H or 13C NMR)
infrared spectroscopy, spectrophotometry (e.g.,
UV-visible), or mass spectrometry, or by
chromatography such as high performance liquid
chromatography (HPLC) or thin layer chromatography.
Preparation of compounds can involve the protection
and deprotection of various chemical groups. The need
for protection and deprotection, and the selection of
appropriate protecting groups can be readily
determined by one skilled in the art. The chemistry of
protecting groups can be found, for example, in
Greene, et al., Protective Groups in Organic
Synthesis, 2d. Ed., Wiley & Sons, 1991 , which is
incorporated herein by reference in its entirety. The
reactions of the processes described herein can be
carried out in suitable solvents which can be readily
selected by one of skill in the art of organic
synthesis.Suitable solvents can be substantially
nonreactive with the starting materials (reactants),
the intermediates, or products at the temperatures at
which the reactions are carried out, i.e.,
temperatures which can range from the solvent's
freezing temperature to the solvent's boiling
temperature. A given reaction can be carried out in
one solvent or a mixture of more than one solvent.
Depending on the particular reaction step, suitable
solvents for a particular reaction step can be
selected. The compounds of the present invention can
be prepared, in part, by the methods described by
Makosa and Wojciechowski (Wojciechowski, K; Makosza,
M. Synthesis 1986, 651-653) and by Reinhoudt and
co-workers (Orlemans, E.O.M.; Schreuder, A.H.; Conti,
P.G.M.; Verboom, W.; Reinhoudt, D.N. Tetrahedron 1987,
43, 3817-3826), both of which are incorporated herein
by reference in their entireties. Alternatively, the
compounds of the present invention can be prepared by
introducing a 3-pheny!sulfide group onto an indole
using the procedures described in Jain, S.; Shukla,
K.; Mukhopadhyay, A.; Suryawanshi, S. N.; Bhakuni,
D.S. Synthetic Communications, 1990, 20, 1315-1320,
incorporated herein by reference in its entirety,
followed by oxidation to a 3-arylsulfonylindole as
described in Garcia, J.; Greenhouse, R.; Muchowski, F.
J. M.; Ruiz, J . A., Tetrahedron Letters 1985, 26,
1827-1830, incorporated herein by reference in its
entirety. These two approaches are the basis for parts
of Schemes 1 and 2. Compounds of Formula I (wherein A
is C2.5 alkylene) may be made as outlined in Scheme 1.
In step 1, compounds of Formula IV can be formed by
vicarious nucleophilic substitution using compounds of
Formula Il and Formula III. Compounds of Formula III
are commercially available or readily made by one
skilled in the art using methods as described by M.
Makosza and J. Golinski in J. Org. Chem. 1984, 49,
1488-1494, incorporated herein by reference in its
entirety, or other methods. The vicarious nucleophilic
substitution of step 1 is typically performed by
treating a compound of Formula Il with a compound of
Formula 111 in a solvent (e.g., THF or DMSO) at
ambient temperature or below. The mixture is then
treated with two or more equivalents of a strong base
(e.g., KO'Bu or powdered KOH) which will afford
compounds of Formula IV. The preferred conditions for
step 1 utilize THF as solvent, KO'Bu as base, and
temperatures between -78 0C and -20 0C. In step 2,
compounds of Formula V are formed by treating
compounds of Formula IV with a reducing agent such as
Fe(O), Zn(O), or Sn(O) in the presence of asolvent and
an acid, such as acetic acid or concentrated
hydrochloric acid. Alternatively, the conditions for
step 2 may employ catalytic hydrogenation utilizing
either Raney nickel or platinum on sulfided carbon.
The preferred conditions for step 2 depend upon the
starting substrate and include catalytic hydrogenation
or use of SnCI 2 in ethyl acetate at a reflux
temperature of 95 0G. In step 3, compounds of Formula
Vl are formed by heating compounds of Formula V with
an appropriate orthoformate (i.e., R3C(O-alkyl) 3),
such as triethyl orthoformate or triethyl
orthoacetate, and a catalytic acid. Typical reaction
conditions for step 3 utilize para-toluenesulfonic
acid as a catalytic acid and the reaction mixture is
heated to reflux for several hours. Compounds of
Formula Vl are typically isolated, but may be carried
on without purification or characterization to avoid
potential hydrolysis of the iminoether moiety. In step
4, compounds of Formula VII are formed by treating
compounds of Formula Vl with a base in an appropriate
solvent. Typically, THF is used as a solvent with
KO1Bu as the base. Alternatively, KOH may be used as a
base in DMSO solvent. In step 5, compounds of Formula
VIII can be formed by StMIe coupling from compounds of
Formula VII. In a typical process for step 5, a
compound of Formula VII is reacted with an
appropriately substituted stannane in the presence of
a Pd(O) catalyst at the reflux temperature of the
solvent (e.g., toluene or benzene). In step 6,
compounds of Formula IX having a terminal hydroxy!
group are formed by a one pot hydroboration followed
by oxidation in THF. Typically compounds of Formula
VIII are dissolved in anhydrous THF and cooled to 0
0C, and then BH3-THF complex is added. After stirring
for several hours a mixture of 10% NaOH and 30%
hydrogen peroxide is added to form compounds of
Formula IX. In step 7, compounds of Formula X are
formed by conversion of the hydroxy! group of
compounds of Formula IX to a leaving group (LG).
Appropriate reaction conditions for step 7 will vary
widely depending on the choice of leaving group (LG).
Such methods of conversion are well known to persons
skilled in the art. In step 8, compounds of Formula I1
where R4 is H, are formed by displacing the leaving
group (LG) of the compounds of Formula X with an amine
of formula 



HNR5R6. Step 8 is typically carried out by reacting
compounds of Formula X with an excess of the amine in
an appropriate solvent such as THF. Optionally, in
step 9, thecompound from step 8 may be directly
alkylated, using an alkylating agent of formula R4-LG,
to give a compound of Formula I, where R4  H. Step 9
is typically performed using a base, such as NaOH or
KOH, in an appropriate solvent. Step 9 may also
include a phase transfer catalyst such as
tetrabutylammonium chloride. Typically, LG is a
leaving group, such as a chlorine, bromine, or iodine
atom, or an activated hydroxyl group such as a tosyl
alcohol (p-toluenesulfonyloxy leaving group). Scheme
1Compounds of Formula I may also be prepared by the
procedures outlined in Scheme 2. In step 1, compounds
of Formula XII are formed by protecting the nitrogen
in compounds of Formula Xl with a suitable protecting
group, such as methyl or ethyl carbamate. In step 2, a
compound of Formula XII is treated with an alkylating
agent, R5- LG (LG is a leaving group such as Cl, Br,
I, or OTs) to form a compound of Formula XIII. Step 2
is typically conducted in the presence of an
appropriate base, such as potassium hydroxide, sodium
hydroxide or potassium ferf-butoxide, in an
appropriate solvent, such as DMF and THF. In step 3,
compounds of Formula XIV are formed by subjecting
compounds of Formula XIII to vicarious nucleophilic
displacement through treatment with a compound of
Formula III in a solvent (e.g., THF or DMSO) at
ambient temperature or below. The mixture is then
treated with two or more equivalents of a strong base,
typically KO'Bu or powdered KOH, which will afford
compounds of Formula XIV. Compounds of Formula III are
commercially available or readily made by one skilled
in the art using methods as described by M. Makosza
and J Golinski in J. Org. Chem. 1984, 49, 1488-1494,
incorporated herein by reference in its entirety, or
other methods. The preferred conditions for effecting
step 3 are THF as solvent, KO'Bu as base, and
temperatures between -60 0C and -20 0C. In step 4,
compounds of Formula XV are formed by treating
compounds of Formula XIV with a reducing agent, such
as Fe(O), Zn(O), or Sn(O), in the presence of a
solvent and an acid, such as acetic acid or
concentrated hydrochloric acid. Alternatively, the
conditions for step 4 may employ catalytic
hydrogenation utilizing either Raney nickel or
platinum on sulfided carbon. The preferred conditions
for step 4 are catalytic hydrogenation, or use of
SnCI2 in ethyl acetate at a reflux temperature of 950C
depending on starting substrate. In step 5, compounds
of formula XV are converted to the resultant indoles
of Formula XVI, as previously described in Scheme 1,
step 3-4. In step 6, the pendant protected amine group
of the compounds of Formula XVI is deprotected to
provide compounds of Formula I , where R4 and R6 are
hydrogen. The deprotection conditions used in step 6
will vary widely depending on the initial choice of
protecting group (PG). Such methods of deprotection
are well known to persons skilled in the art. For
example, compounds of Formula XVI (where the
protecting group is methylor ethyl carbamate) can be
deprotected with hydrazine in refluxing ethylene
glycol to give compounds of Formula I, where R4 and R6
are hydrogen. In step 7, compounds of Formula I, where
R6 is not hydrogen, are formed by reductive amination.
Conditions for performing this reductive amination
include, but are not limited to, treatment with a
substituted aldehyde in a solvent with an appropriate
hydride source. Typical solvents are methanol and THF,
typical hydride sources are sodium cyanoborohydride,
sodium triacetoxy borohydride, and sodium borohydride.
Optionally, the product of step 7 can be directly
alkylated, using an alkylating agent of formula R4-LG,
to give a compound of Formula I1 where R4  H, as in
Scheme I, step 9 (vide supra). An alternative
preparation of compounds of Formula I is shown in
Scheme 3. In step 1, compounds of Formula XVIII are
formed by treating commercially available substituted
bromo indoles of Formula XVII with substituted
thiophenols or alkylthiols in ethanol with a mixture
of iodine and potassium iodide. In step 2, compounds
of Formula VII are formed by oxidation of compounds of
Formula XVIII, typically using met-chloroperbenzoic
acid as an oxidizing agent. The compounds of Formula
VII are then modified as described in Scheme 1, steps
5-8, and optionally step 9 {vide supra) to provide
compounds of Formula I. An alternative preparation of
compounds of Formula I is shown in Scheme 4. In step
1, compounds of Formula XX are formed by Horner-Emmons
reaction of a formyl indole of Formula XIX.
Preferably, compounds of Formula XIX are treated with
triethylphosphonoacetate in the presence of a suitable
base, typically sodium or potassium carbonate, at
temperatures ranging from room temperature to about
100 0C in a suitable solvent such as THF or
1,4-dioxane. Formyl indoles of Formula XIX are either
available from commercial sources or can be
synthesized through methods well established in the
literature.Scheme 2 (I R6 = H) (I)Scheme 3 In step 2,
compounds of Formula XXI are formed by treating a
compound of Formula XX with a reducing agent, such as
diisobutylaluminum hydride or lithium aluminum
hydride, in the presence of a solvent, such as THF or
diethyl ether. In step 3, a compound of Formula XXII
is formed by hydrogenation of the double bond in a
compound of Formula XXI. Preferably, compounds of
Formula XXI are hydrogenated in the presence of a
suitable catalyst, such as palladium on activated
carbon, to give compounds of Formula XXiI. In step 4,
compounds of Formula XXIII are formed by treating
compounds of Formula XXII with substituted thiophenols
or alkylthiols in ethanol in the presence of a mixture
of iodine and potassium iodide. In step 5, compounds
of Formula XXIII can be oxidized, typically using
mefa-chloroperbenzoic acid or OXONE(r) (supplied by
DuPont, potassium peroxymonosulfate as active
ingredient), to give compounds of Formula IX (n = 1).
The compounds of Formula IX can then be converted to
the compounds of Formula I, as described in Scheme 1,
steps 7-8 {vide supra). Optionally, the product of
steps 7-8 can be directly alkylated, using an
alkylating agent of formula R4-LG, to give a compound
of Formula I, where R4  H, as in Scheme I, step 9
(vide supra).Scheme 4 steps 7-8 Scheme 1 



Compounds of Formula I, where A is an alkenylene
group, can be synthesized as shown in Scheme 5. In
step 1, compounds of Formula XXIV having a pendant
alkenylene group are formed by a Heck coupling
reaction by treating compounds of Formula IV with an
appropriate vinyl compound, such as methyl acrylate,
in the presence of a catalyst and a weak base.
Typically, methyl acrylate and a compound of Formula
IV are reacted in DMF in the presence of a catalytic
amount of palladium acetate and triphenylphosphine and
1.25 equivalents of diisopropylamine, at 100 0C for
8-12 hours. In step 2, compounds of Formula XXV are
formed by reduction of the ester and nitro groups of
compounds of Formula XXIV using suitable reducing
agents such as diisobutylaluminum hydride and Fe(O),
Zn(O),or Sn(O), in the presence of a solvent and an
acid such as acetic acid or concentrated hydrochloric
acid. Compounds of Formula XXV are then converted to
indoles of Formula XXVI using the methods described
for Scheme 1, steps 3-4 {vide supra). Compounds of
Formula XXVI are then transformed to compounds of
Formula I, wherein A is an alkenylene group, by the
methods described for Scheme 1, steps 7-8, and,
optionally step 9 {vide supra). Scheme 5 ste Ps 7 8
Scheme 1 (XXV) (XXVI) (I, R4 = H) (I) Compounds of
Formula I, where A is an alkynylene group, can be
synthesized as shown in Scheme 6. In step 1, compounds
of Formula XXVII having a pendant alkynylene group are
formed by a Sonagashira coupling reaction by treating
compounds of Formula IV with an appropriate
substituted alkyne, such as propargyl or homo
propargyl alcohol, in the presence of a catalyst. Step
1 is typically carried out by reacting the substituted
alkyne with a compound of FormulaIV in toluene in the
presence of five equivalents of diisopropyl amine and
a catalytic amount of
tetrakis(triphenylphosphine)palladium and copper(l)
iodide at 900G. In step 2, compounds of Formula XXVIII
are formed by reduction of the nitro group of
compounds of Formula XXVII with a reducing agent. Step
2 is typically carried out by reacting the compound of
Formula XXVII with SnGI2 in ethyl acetate at reflux
temperature. Compounds of Formula XXVIII are then
converted to indoles of Formula XXIX using the methods
described for Scheme 1, steps 3-4 {vide supra).
Compounds of Formula XXIX are then transformed to
compounds of Formula I, wherein A is an alkynylene
group, by the methods described for Scheme 1, steps
7-8, and, optionally step 9 (vide supra) . Scheme 6
(IV) (XXVIl) (I, R4 = H) (I) In order that the
invention disclosed herein may be more efficiently
understood, examples are provided below. It should be
understood that theseexamples are for illustrative
purposes only and are not to be construed as limiting
the invention in any manner. EXAMPLES The following
abbreviations are used herein: "DMF" is
dimethylformamide; "THF" is tetrahydrofuran; "DMSO" is
dimethylsulfoxide; "TEA" is triethylamine; "DCE" is
1,2-dichloroethane; "MCPBA" is mef-chloroperbenzoic
acid; "EDTA" is ethylene diamine tetraacetic acid;
"EA" is elemental analysis; "MS" is mass spectroscopy;
"NMR" is nuclear magnetic resonance; "O'Bu" is
te/t-butoxide; "Et" is ethyl; "Me" is methyl; "Bn" is
benzyl; "Ph" is phenyl; "Bu" is butyl; "tBu" or "'Bu"
is te/ -butyl; "Ac" is acetyl; "OTs" is a tosyloxy
(p-toluenesulfonyloxy) group; "Ra Ni" is Raney nickel;
"py" is pyridine; "Dec" is decomposition; "Mp" is
melting point; and "min" is minute(s). As used herein,
the term "chromatography" generally refers to flash
chromatography on silica gel. As used herein, "E"
refers to the solvent ethyl acetate and "H" refers to
the solvent hexane(s). As used herein, "E:H" refers to
volume:volume mixtures of E and H generally used as
chromatography solvent. All products are characterized
by EA, MS and 1H NMR unless otherwise noted. As used
herein, the term "brine" refers to saturated aqueous
NaCI. As used herein, the term "[3H]-LSD" refers to
tritiated lysergic acid. As used herein, the term
"MDCK-Net6" refers to Madin-Darby canine kidney. As
used herein, the term "FBS" refers to fetal bovine
serum. As used herein, the term "HEPES" refers to
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid. As
used herein, the term "FLIPR" refers to Fluorometric
Imaging Plate Reader. As used herein, the term "cDNA"
refers to complimentary DNA. As used herein, the term
"CHO cells" refers to Chinese hamster ovary. As used
herein, the term "PBS" refers to phosphate buffered
saline. As used herein, the term "DOI" refers to
1-(2,5-Dimethoxy-4-iodophenyl)-2- aminopropane
hydrochloride. As used herein, the term "HBSS" refers
to Hank's Balanced Salt Solution. As used herein, the
term "hNET" refers to human norepinephrine
transporter. As used herein, the term "MDL" refers to
MDL 100907,
((R)-a-(2,3-dimethoxyphenyl)-1-[2-(4-fluorophenyl)ethy
l]-4-piperidinemethanol). As used herein, the term
"Tris.HCI" refers to Tris(hydroxymethyl)aminomethane
hydrochloride. As used herein, the term "DMEM" refers
to Dulbecco's Modified Eagle Medium.In mass spectral
data, MS(ES+) refers to positive electrospray which
generally gives a peak for M + H while MS(ES-) refers
to negative electrospray which generally gives a peak
for M - H. Melting points (imp) are uncorrected.
Reactions are run under nitrogen atmosphere with
stirring unless noted otherwise. Ambient temperature
is assumed to be between 15 0C and 20 0C. The
definitions of terms provided herein and throughout
the application refer to every reference to said terms
throughout the present application and are not
intended to be restricted to one particular embodiment
of the invention, unless otherwise indicated. EXAMPLE
1 N,N-DIMETHYL-N-{2-[3-(PHENYLSULFONYL)-1 H-INDOL-5-
YL]ETHYL}AMINE HYDROCHLORIDE Step 1: Preparation of
5-bromo-2-nitrobenzyl phenyl sulfone: 



CICH 2SO2Ph To a stirred solution of
1-bromo-4-nitrobenzene (5.05 g, 25 mmol) and
chloromethylphenylsulfone (4.76 g, 25 mmol) in dry THF
(50 mL) at -65 0C under nitrogen is added 1.0M KO'Bu
in THF (55 mL, 55 mmol). The deep purple reaction is
allowed to warm to 00C over 1.5 hours and then treated
with glacial acetic acid (4 mL). The reaction is
diluted with water (100 mL) and saturated aqueous
NaHCO 3 (100 mL), and then extracted with CH2CI2 (2 x
200 mL). The extracts are dried (MgSO 4) and
concentrated in vacuo to a light orange solid.
Trituration with ethyl acetate and hexanes affords the
title compound as a pale yellow solid (6.45 g, 72%).
Mp: 143 - 144 0C. MS (ES-): 354 (M-H). Step 2:
Preparation of
4-bromo-2-[(pheny}sulfonyl)methyl]aniline: Quant This
compound was prepared by catalytic hydrogenation of
5-bromo-2-nitrobenzyl phenyl sulfone (0.23 g, 0.64
mmol) in the presence of Raney nickel and hydrogen
(45psi) in ethyl acetate (30 ml) for 1 hour. The
reaction mixture is filtered through celite and
concentrated in vacuo to give the title compound as a
light brown solid (0.21 g, 99%). Mp: 140 - 141 0C. MS
(ES+): 326 (M+H). Step 3: Preparation of
5-bromo-3-(phenylsulfonyl)-1 H-indole: A stirred
solution of 4-bromo-2-[(phenylsulfonyl)methyl]aniline
(3.26 g, 10.00 mmol, p-toluenesulfonic acid
monohydrate (0.20 g), triethyl orthoformate (8.32 mL,
50 mmol) and 1,2-dichloroethane (70 mL) is heated at
reflux under nitrogen for 5 hours and then at room
temperature for 16 hours. The reddish reaction is
concentrated in o vacuo to a red oil. The resulting
crude intermediate iminoether is stirred in dry THF
(50 mL) and treated with 1.0M KO'Bu in THF (13 mL, 13
mmol). After 5 min, a tan precipitate is evident.
After 1 hour, the reaction is treated with water (30
mL) and NH4CI (0.60 g), extracted with CH2Cl2 (150
mL), dried (MgSO4) , filtered and concentrated in
vacuo to a light orange solid. Trituration with ethyl
acetate and 5 hexanes affords the title compound as a
light orange solid (2.78 g, 72%). Mp: 176 - 178 0C. MS
(ES-): 334 (M-H). Step 4: Preparation of
3-(phenylsulfonyl)-5-vinyl-1 H-indole:
5-bromo-3-(phenylsulfonyl)-1 H-indole (505 mg, 1.50
mmol) and dichlorobis(tri-o- 0
tolylphosphine)-palladium(ll) ( 1 18 mg, 0.09 mmol)
were dissolved in toluene (5 mL) and stirred for 10
minutes at room temperature under a nitrogen
atmosphere. Tributyl(vinyl)tin (619 mg, 1.95 mmol) was
added and the mixture was refluxed for 1 hour. The
mixture was cooled to room temperature, diluted with
ethyl acetate (10 mL), 1 M KF (5 mL) and stirred for
12 hours. The resultant tin salt precipitate is 5
removed by suction filtration and the organic layer
was washed with water (5 mL), then brine and dried
over MgSO4, filtered and concentrated in vacuo.
Purification by flash chromatography (40% ethyl
acetate/petroleum ether) gave the title compound as a
white solid (313 mg, 74%). Mp: 140 - 145 0C. MS (ES+):
284 ( M+H).Step 5: Preparation
of2-[3-(phenylsulfonyl)-1H-indol-5-yl]ethanol: To a
solution of 3-(phenylsulfonyl)-5-vinyl-1 H-i iidole (
1 .9 g, 6.7 mmol) in THF (10 ml_) at O0C was added
dropwise BH3-THF (6.7 mL of 1 M THF solution, 6.7
mmol). The solution was stirred for 3 hours at O0C,
and H2O (7 mL) was added slowly. To this mixture was
added 10% NaOH (10 mL), 30% H2O2 and the mixture was
stirred vigorously at room temperature for 15 hours.
The mixture was partitioned between ethyl acetate and
H2O, and the aqueous layer was extracted with ethyl
acetate (2 x 25 mL). The combined organic layers were
washed with brine, dried (MgSO4), filtered and
concentrated under reduced pressure. Silica gel
chromatography (50% ethyl acetate/dichloromethane)
gave the title compound as a white solid ( 1 .5 g,
76%). Mp: 55 - 6O 0G. MS (ES-): 300 ( M-H) Step 6:
Preparation of
2-[3-(phenylsulfonyl)-1H-indol-5-yl]ethyl 4-
methylbenzenesulfonate: To a solution of
2-[3-(phenylsulfonyl)-1 H-indol-5-yl]ethanol (0.88 g,
2.91 mmol) in anhydrous pyridine (15 mL) at O0C was
added toluenesulfonyl chloride (0.58 g, 3.05 mmol).
The solution was stirred for 12 hours at room
temperature. The mixture was partitioned between ethyl
acetate and H2O, and the aqueous layer was extracted
with ethyl acetate (3 x 30 mL). The combined organic
layers were washed with 2 M HCI, (2 x 25 mL), brine,
dried (MgSO4) , filtered and concentrated under
reduced pressure. Silica gel chromatography (50% ethyl
acetate/dichloromethane) gave the title compound as a
white solid ( 1 .3 g, 95%). Mp: 60 - 63 0C. MS (ES-):
454 ( M-H). Step 7: Preparation of
N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-1H-indol-5-
yijethyijamine hydrochloride:A solution of
2-[3-(phenylsuIfonyl)-1 H-indol-5-yl]ethyl
4-methylbenzenesulfonate (0.09 g, 0.198 mmol) in
anhydrous THF (2 ml_) was added an excess of
dimethylamine (0.4 ml_ of 2 M THF solution, 0.79 mmol)
and heated to 7 1 0C for 24 hours. The mixture was
partitioned between ethyl acetate and H2O, and the
aqueous layer was extracted with ethyl acetate (10
ml_). The combined organic layers were washed with 2 M
NaOH, (2 x 15 mL), brine, dried (MgSO4), filtered and
concentrated under reduced pressure. Silica gel
chromatography (1 0% EtOH/2N ammonia/dichloromethane)
gave the title compound as a white solid (0.05 g,
77%). This solid was dissolved in diethyl ether and
treated with 1 N HCI in diethyl ether (0.16 mL, 0.16
mmol) to afford a white precipitate isolated by vacuum
filtration. Mp: 251 0C. MS (ES+): 329 ( M+H). EXAMPLES
2-1 1 In an analogous fashion to that described in
Example 1, step 7, substituting the appropriate
displacing amine, the following examples are
prepared.EXAMPLE 12 {2-[3-(PHENYLSULFONYL)-1 H-IN
DOL-5-YL]ETHYLJAMINE HYDROCHLORIDE Step 1: Preparation
of 5-(2-azido-ethyl)-3-benzenesuIfonyl-1 H-indole: A
solution of 2-[3-(phenylsulfonyl)-i H-indol-5-yI]ethyl
4-methylbenzenesulfonate (0.20 g, 0.44 mmol) in
anhydrous DMF (2.5 mL) was added sodium azide (0.14 g,
2.2 mmol) and heated to 100 0C for 6 hours. The
mixture was partitioned between ethyl acetate and H2O,
and the aqueous layer was extracted with ethyl acetate
(10 mL). The combined organic layers were washed with
brine ( 1 x 15 mL), dried (MgSO4) , filtered and
concentrated under reduced pressure. Silica gel
chromatography (40% Ethyl acetate/petroleum ether)
gave the azide as a clear glass (0.13 g, 86%) which
was used directly in the next step. Step 2:
Preparation of
{2-[3-(phenylsulfonyl)-1H-indol-5-yl]ethyl}amine
hydrochloride: 



The azide (0.125 g, 0.383 mmol) was reduced by
catalytic hydrogenation in the presence of palladium
on carbon and hydrogen (40 psi) in ethanol (30 ml) for
1 hour. The reaction mixture was filtered through
celite and concentrated in vacuo to give a white solid
(0.1 g, 86%). This solid was dissolved in diethyl
ether and treated with 1N HGI in diethyl ether (0.16
ml_, 0.16 mmol) to afford a white precipitate isolated
by vacuum filtration. Mp: 200 0C. MS (ES+): 301 (M+H).
EXAMPLE 13 3-(PHENYLSULFONYL)-5-(2-PIPERAZIN-1
-YLETHYL)-I H-INDOLE HYDROCHLORIDE Step 1: Preparation
of
5-[2-(4-benzylpiperazin-1-yi)ethyl]-3-(phenylsulfonyl)
-1Hindol q: A solution of 2-[3-(phenylsulfonyl)-i
H-indol-5-y!]ethy! 4-methylbenzenesulfonate (0.16 g,
0.25 mmol) in anhydrous THF (2.5 mL) was added an
excess of benzyl piperazine (0.18 mL, 1.02 mmol) and
heated to 7 1 0C for 24 hours. The mixture was
partitioned between ethyl acetate and H2O, and the
aqueous layer was extracted with ethyl acetate (10
mL). The combined organic layers were washed with 2 M
NaOH, (2 x 15 mL), brine, dried (MgSO4) , filtered and
concentrated under reduced pressure. Silica gel
chromatography (10% EtOH/2N ammonia/dichloromethane)
gave the title compound as a light yellow solid (0.1 1
g, 94%). Mp: 150 - 153 0C. MS (ES+): 460 (M+H). Step
2: Preparation of
3-(phenylsulfonyl)-5-(2-piperazin-1-ylethyl)-1H-indole
hydrochloride: A stirred mixture of
5-[2-(4-benzylpiperazin-1-yl)ethyl]-3-(phenylsulfonyl)
-1 H-indole (0.1 10 g, 0.24 mmol) and
1-chloroethylchloroformate (0.05 mL, 0.36 mmlole) in
1,2- dichloroethane (2 mL) was heated to reflux for 12
hours. The reaction mixture was cooled and
concentrated in vacuo to a brown glass. The glass was
taken up inmethanol (4 mL) and heated to reflux for 6
h, then cooled and concentrated in vacuo to a semi
solid. This solid was dissolved in diethyl ether and
treated with 1 N HGI in diethyl ether (0.22 mL, 0.22
mmol) to afford a white precipitate isolated by vacuum
filtration. Mp: 22O 0C. MS (ES+): 370 (M+H). EXAMPLE
14 L/-METHYL-L/-{2-[3-(PHENYLSULFONYL)-1
H-INDOL-5-YL]ETHYL}AMINE Step 1: Preparation of methyl
[2-(4-nitrophenyl)ethyl]carbamate: To a stirred
solution of [2-(4-nitrophenyl)ethyl]amine (6.06 g, 30
mmol) in CH2CI2 (75 ml), MeOH (5 ml), and TEA (9.5 ml)
at 0 0C was added chloromethyiformate (3.39 g, 36
mmol) dropwise. The reaction mixture was stirred at
room temperature for 1 hour concentrated in vacuo, and
partitioned between ethyl acetate and water, and the
aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with water (50
mL), brine (50 mL), dried (MgSO4), filtered and
concentrated under reduced pressure to afford a yellow
solid (6.6 g, 98%). Mp: 38C, MS (ES-): 223 (M-H). Step
2: Preparation of methyl
methyl[2-(4-nitrophenyI)ethyl]carbamate: To a stirred
solution of methyl [2-(4-nitrophenyl)ethyl]carbamate
(224 mg, 1 mmol) in THF (2 mL) was added KO'Bu (201
mg, 1.8 mmol) and Mel (256 mg, 1.8 mmol) sequentially.
The reaction mixture was stirred for 12 hours at room
temperature. The reaction was diluted with water (5
mL), extracted with EtOAc (2 x 15 mL), washedwith
water (5 mi_), dried (MgSO4) , filtered and
concentrated under reduced pressure. Silica gel
chromatography (60% ethyl acetate / hexane) afforded
the title compound as a semi solid (160 mg, 67.2 %).
MS (ES+): 239 (M+H). Step 3: Preparation of methyl
methyl(2-{4-nitro-3-
[(phenylsulfonyl)methyl]phenyl}ethyl)carbamate: The
title compound was prepared in substantially the same
manner as described in Example 1, step 1 starting from
methyl methyl[2-(4-nitrophenyl)ethyl]carbamate (2.47
g, 10.38 mmol), and was obtained as a white solid,
(2.06 g, 51%). Mp: 42 0C, MS (ES+): 393 (M+H). Step 4:
Preparation of methyl
(2-{4-amino-3-[(phenylsulfonyl)methyl]phenyl}ethyl)
methylcarbamate The title compound was prepared in
substantially the same manner as described in Example
1, step 2 starting from methyl methyl(2-{4-nitro-3-
[(phenylsulfonyl)methyl]phenyl}ethyl) carbamate ( 1 .8
g, 4.6 mmol), and was obtained as a white solid, (1
.36g, 82 %). Mp: 95-96 0C. MS (ES+) 363 (M+H). Step 5:
Preparation of methyl
methyl{2-[3-(phenylsulfonyl)-1H-indol-5-
yl]ethyl}carbamate:The title compound was prepared in
substantially the same manner as described in Example
1, step 3 starting from methyl (2-{4-amino-3-
[(phenylsulfonyl)methyl]phenyl}ethyl)methylcarbamate
(350 mg, 0.97 mmol), and was obtained as a white
solid, (240 mg, 66.5%). Mp: 195-1 97 0C, MS (+) 373
(M+H). Step 6: Preparation
ofN-methyl-N-{2-[3-(phenylsulfonyl)-1H-indol-5-yI]ethy
l}amine: To a stirred solution of methyl
methyl{2-[3-(phenylsulfonyl)-1 H-indol-5-
y!]ethyl}carbamate (171 mg, 0.46 mmol) in ethylene
glycol (5 ml) was added H2NNH2 (147 mg, 4.6 mmol), KOH
( 1 .9 g 13.8 mmol), and heated to 110 0G for 12
hours. The mixture was cooled to room temperature,
diluted with water (5 ml_) and extracted with EtOAc.
The combined organic layers were washed with water (7
ml_), brine (10 ml_), dried (MgS04), filtered and
concentrated under reduced pressure to a residue which
is triturated with CH2CI2 to afford an off white
solid, (131 mg, 93%). Mp: 151- 154 0C, MS (ES-) 313
(M-H). EXAMPLE 15
N-METHYL-N-{2-[2-METHYL-3-(PHENYLSULFONYL)-1
H-INDOL-5- YL]ETHYL}AMINE Step 1: Preparation of
methyl
methyl{2-[2-methyl-3-(phenylsuifonyi)-1H-indol-5-
yl]ethyl}carbamate : 11The title compound was prepared
in substantially the same manner as described in
Example 1, step 3 starting from methyl (2-{4-amino-3-
[(phenylsulfonyl)methyl]phenyl}ethyl)methylcarbamate
(160 mg, 0.44 mmol), and triethyl ortho acetate, and
was obtained as a white solid. Mp: 188-191 0C, MS (+)
387 (M+ H). Step 2: Preparation of
N-methyl-N-{2-[2-methyl-3-(phenylsulfonyl)-1H-indol-5-
yl]ethyl}amine: The title compound was prepared in
substantially the same manner as described in 



Example 14, step 6 starting from methyl
methyl{2-[2-methyI-3-(phenylsulfonyl)-1 Hindol-
5-yl]ethyl}carbamate (0.08 g, 0.2 mmol), and was
obtained as a off white solid. Mp: 213 - 215 0C. MS
(ES+) 329.1 (M+H), EXAMPLES 16-17 In an analogous
fashion to that described in Example 15, steps 1 and
2, substituting the appropriate ortho formate, the
following examples are prepared.EXAMPLE 18
N,N-DIMETHYL-N-{2-[3-(PHENYLSULFONYL)-1
H-INDOL-7-YL]ETHYL}AMINE HYDROCHLORIDE Step 1:
1-bromo-2-nitro-3-[(phenylsulfonyl)methyl]benzene: The
title compound was prepared in substantially the same
manner as described in Example 1, step 1 starting from
1-Bromo-2-nitro-benzene (10 g, 50 mmol), and was
obtained as a tan solid, (13 g, 73 %). Mp: 138 - 141
0C. MS (ES+) 354 (M+H). Step 2: Preparation of
{2-bromo-6-[(phenylsulfonyl)methyl]phenyl}amine: The
title compound was prepared in substantially the same
manner as described in Example 1, step 2 starting from
1-bromo-2-nitro-3-[(phenylsulfonyl)methyl]benzene (
11.4 g, 32 mmol), and was obtained as a white solid,
(10.4 g, 99 %). Mp: 174 - 177 0C. MS (ES+) 326
(M+H).Step 3: Preparation of
7-bromo-3-(phenylsulfonyl)-1H-indole: The title
compound was prepared in substantially the same manner
as described in Example 1, step 3 starting from
{2-bromo-6-[(phenylsulfonyl)methyl]phenyl}amine (0.98
g, 3 mmol), and was obtained as a yellow foam, (0.958
g, 95 %). MS (ES-) 334 (M-H). Step 4: Preparation of
3-(phenylsulfonyl)-7-vinyl-1H-indole: ti
-(/i-Butyl)(vinyl)tin PdCI2[P(o-toly l)3]2 Toluene, D
The title compound was prepared in substantially the
same manner as described in Example 1, step 4 starting
from 7-bromo-3-(phenylsulfonyl)-1 H-indole (1 .0 g, 3
mmol), and was obtained as a yellow oil, (0.663 g, 78
%). MS (ES+) 284 (M+H). Step 5: Preparation of
2-[3-(phenylsulfonyl)-1H-indol-7-yl]ethanol: The title
compound was prepared in substantially the same manner
as described in Example 1, step 5 starting from
3-(phenylsulfonyl)-7-vinyl-1 H-indole (0.56 g, 2
mmol), and was obtained as a pink semi solid, (0.4 g,
66 %). MS (ES+) 302 (M+H). Step 6: Preparation of
2-[3-(phenyisulfonyl)-1H-indol-7-yl]ethyl 4-
methylbenzenesuifonate:The title compound was prepared
in substantially the same manner as described in
Example 1, step 6 starting from
2-[3-(phenylsulfonyl)-1 H-indol-7-yl]ethanol (0.988 g,
3.28 mmol), and was obtained as a white solid, ( 1 .29
g, 86 %). Mp: 142 - 145 0C. MS (ES+) 456.2 (M+H). Step
7: Preparation of
N,N-dimethyl-N-{2-[3-(phenyisulfonyl)-1H-indol-7-
yl]ethyl}amine hydrochloride: The title compound was
prepared in substantially the same manner as described
in Example 1, step 7 starting from
2-[3-(phenylsulfonyl)-1 H-indol-7-yl]ethyl 4-
methylbenzenesulfonate (0.107 g, 0.235 mmol), and was
obtained as a yellow solid, (0.08 g, 99 %). Mp: 205 -
208 0C (Dec). MS (ES-) 327.2 (M-H). EXAMPLES 19-28 In
an analogous fashion to that described in Example 18,
step 7, substituting the appropriate displacing amine,
the following examples are prepared.EXAMPLE 29
{2-[3-(PHENYLSULFONYL)-1 H-INDOL-7-YL]ETHYL} AMINE
HYDROCHLORIDE Step 1: Preparation of
7-(2-azido-ethyl)-3-benzenesulfonyl-1H-indole: The
azide was prepared in substantially the same manner as
described in Example 12, step 1 starting from
2-[3-(phenylsulfonyl)-1 H-indol-7-yI]ethyl 4-
methylbenzenesulfonate (0.205 g, 0.45 mmol), and was
obtained as a yellow solid, (0.135 g, 93 %). Mp: 160
-163 0C. MS (ES-) 325.1 (M-H). Step 2: Preparation of
{2-[3-(phenylsulfonyl)-1H-indol-7-yl]ethyl}amine
hydrochloride:The amine was prepared in substantially
the same manner as described in Example 12, step 2
starting from 7-(2-azidoethyl)-3-(phenylsulfonyl)-1
H-indole (0.1 10 g, 0.34 mmol), and was obtained as a
white solid, (0.1 15 g, 99 %). Mp: 185 (dec) 0C. MS
(ES+) 342.1 (M+H). EXAMPLE 30
3-(PHENYLSULFONYL)-7-(2-PIPERAZIN-1 -YLETHYL)-I
H-INOOLE HYDROCHLORIDE Step 1: Preparation of
7-[2-(4-benzylpiperazin-1-yl)ethyl]-3-(phenylsulfonyl)
-1Hindole: This compound was prepared in substantially
the same manner as described in Example 13, step 1
starting from 2-[3-(phenylsulfonyl)-1
H-indol-7-yl]ethyl 4- methylbenzenesulfonate (0.107 g,
0.235 mmol), and was obtained as a white foam, (0.130
g, 87 %). Mp: 80 - 82 0C. MS (ES+) 460.2 (M+H). Step
2: Preparation of
3-(phenylsulfonyl)-7-(2-piperazin-1-yIethyl)-1H-indole
hydrochloride:This compound was prepared in
substantially the same manner as described in Example
13, step 2 starting from
7-[2-(4-benzylpiperazin-1-yl)ethyl]-3-
(phenylsulfonyl)-i H-indole (0.1 16 g, 0.25 mmol), and
was obtained as a white solid, (0.06 g, 64 %). Mp: 190
0C. MS (ES+) 370.1 (M+H). EXAMPLE 3 1
N,N-DIMETHYL-N-{2-[3-(PHENYLSULFONYL)-1
H-INDOL-4-YL]ETHYL}AMINE HYDROCHLORIDE Step 1:
Preparation of 4-bromo-3-(phenylthio) -1H-indole: A
stirred solution of 4-bromo-1 H-indole (4.69 g, 23.9
mmol) in ethanol ( 1 10 mL) was added thiophenol (2.46
mL, 23.9 mmol). A solution of potassium iodide (3.97
g, 24 mmol) and iodine (6.07 g, 24 mmol) dissolved in
water (5 mL) and ethanol (5 mL) is added over 5
minutes and the reaction was heated at 45 C for 12
hours. The brown reaction is concentrated in vacuo to
a dark brown oil and diluted with ethyl acetate (250
mL). The organic layer is washed with water (80 mL x
2), saturated Na2S2O3 (80 mL), and brine (80 mL),
dried (MgSO4) , filtered and concentrated in vacuo.
Purification by flash chromatography (20-30% ethyl
acetate/petroleum ether) gave the title compound as a
white solid (7.24 g, 99.5%). Mp: 137 - 139 0C. MS
(ES-): 302 ( M-H). Step 2: Preparation of
4-bromo-3-(phenylsulfonyl)~1H-indole:m-Chloroperbenzoi
c acid (26.2 g, 75% tech., 15 1 .9 mmol) was added to
a solution of 4-bromo-3-(phenylthio)-1 H-indole (7.7
g, 25.3 mmol) in dry methylene chloride (250 



ml_) cooled to 0 0G. The reaction mixture was stirred
at room temperature for 4 hours then diluted with
methylene chloride (150 ml_) and quenched with a
saturated solution of sodium bicarbonate (100 ml_).
After 1 hour the organic layer was separated and
washed sequentially with water (75 ml_), saturated
sodium bicarbonate (75 mL) and brine (75 mL). The
organic layer was dried (MgSO4) and concentrated in
vacuo to a yellow solid. Trituration with ethyl
acetate and hexanes (20%) affords the title compound
as a pale yellow solid (7.1 g, 83 %). Mp: 202 - 207
0C. MS (ES+): 336 (M+H). Step 3: Preparation of
3-(phenylsulfonyl)-4-vinyl-1H-indole: )tin )3]2 The
title compound was prepared in substantially the same
manner as described in Example 1, step 4 starting from
4-bromo-3-(phenylsulfonyl)-1 H-indole (500 mg, 1.5
mmol), and was obtained as a white solid, (0.345g, 82
%). Mp: 125 - 128 0G. MS (ES+) 284.1 (M+H). Step 4:
Preparation of
2-[3-(phenylsulfonyl)-1H-indoi-4-yl]ethanol: The title
compound was prepared in substantially the same manner
as described in Example 1, step 5 starting from
3-(phenylsulfonyl)-4-vinyl-1 H-indole (338 mg, 1.2
mmol), and was obtained as a white solid, (0.27g, 75
%). Mp: 55 - 60 0C. MS (ES+) 302.1 (M+H). Step 5:
Preparation of
2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl 4-
methylbenzenesulfonate:The title compound was prepared
in substantially the same manner as described in
Example 1, step 6 starting from
2-[3-(phenylsulfonyl)-1 H-indol-4-yl]ethanol (257 mg,
0.85 mmol), and was obtained as a white foam, (0.35 g,
90 %). Mp: 58 - 60 0C. MS (ES+) 455.9 (M+H). Step 6:
Preparation of
N,N-dimethyl-N-{2-[3-(phenylsulfonyl)-1H-indol-4-
yl]ethyl}amine hydrochloride: The title compound was
prepared in substantially the same manner as described
in Example 1, step 7 starting from
2-[3-(phenylsulfonyl)-1H-indol-4-yl]ethyl 4-
methylbenzenesulfonate ( 1 16 mg, 0.25 mmol), and was
obtained as a tan solid, (0.08 g, 95 %). Mp: 122 - 126
0C. MS (ES+) 329.1 (M+H). EXAMPLES 32-60 In an
analogous fashion to that described in Example 1, step
7, substituting the appropriate displacing amine, the
following examples are prepared.METHOD AND APPARATUS
FOR PILOT MULTIPLEXING IN A WIRELESS COMMUNICATION
SYSTEM Claim of Priority under 35 U.S.C 119 (000l| The
present Application for Patent claims priority to
Provisional Application Serial No 60/760,482, entitled
"METHOD AND APPARATUS FOR PILOT MULTIPLEXING IN A
WIRELESS COMMUNICATIONS SYSTEM," filed January 20
2006, assigned to the assignee hereof, and expressly
incorporated herein by reference. BACKGROUND Field
[0002J The pr nt disclosure relates generally to
communication, and more specifically to techniques for
transmitting pilots in a wireless communication system
B k r n 00 J In a wireless communication system, a
transmitter station (e g,, a ba e station or a
terminal) may u ili e multiple (T) transmit antennas
for a multiple-input multfpleoutput (MlMO)
transmission to a receiver station eqtilpped with
multiple (R) receive an n as The multiple transmit and
receive antennas form a MlMO channel that may he used
to increase throughput anci/or improve reliability.
For example, the transmitter station may transmit u to
T data streams simultaneously from the T transmit
antennas to improve throughput. Alternatively, the
transmitter station may transmit a single data stream
from up to T transmit antennas to improve reception by
the receiver station. j0004| Good performance may be
achieved if the MlllO channel response can be
accurately estimated. For example, the receiver
station may use the MIMO channel response to perform
data detection for the O transmission, to select
.spatial mapping matrix to be applied by the
transmitter station for the MlMO transmission, etc.
Channel estimation is typically supported by
transmitting pilot symbols that are known priori by
the receiver station. The receiver station may then
estimate the MlMO channel response based on the
received pilot symbols and the known pilot symbols.
fOOQ5 Channel estimates obtained based on pilot are
typically impaired by both noise and interference. The
noise may come from various sources such as the
wirelesschannel, receiver electronics, etc. The
interference may include mter-antenna interference and
inter- transmitter interference. Inter-antenna
interference is interference due to transmissions from
other transmit antennas. Tnter-antenna pilot
interference may be present f multiple pilot
transmissions are sent simultaneously from all T
transmit amentias and the pilot transmission from each
antenna interferes with the pilot transmissions from
the other antennas, Inter-transmitter interference is
interference due to transmissions from other
transmitter stations Inter-transmitter interference
may also be referred to as inter-sector interference,
inter-cell interference, inter-terminal interference,
etc. The bUer-antenna interference ami
hUer-transmitter interference ma adversely impact
channel estimation, which may then degrade data
performance. (0006) There is therefore a need in the
art for techniques to transmit pilot in a wireless
communication system SUMMARY }8OQ7| According to an
aspect, apparatus is described which generates a
plurality of pilot sequences for a plurality of
transmit antennas, with each pilot sequence comprising
a plurality of pilot s mbols sent in the time domain
on a different set of subcarriers, The apparatus
further geneiates a plurality of pilot transmissions
for the plurality of transmit ant a based on the
plurality of pilot sequences. OOQ j According to
another aspect, a apparatus is described which
generates a plurality of pilot sequences for plurality
of transmit antennas based on frequencydomain code
division multiplexing (FD-CDM) of a constant amplitude
ero auto correlation <C LZLC) sequence such as a Chu
sequence defined by a transmitterspecific value. The
apparatus further generates a plurality of pilot
transmissions for the 



plurality of transmit antennas based o the plurality
of pilot sequences [0009} According to yet another
aspect, an apparatus is described which receives a
plurality of pilot transmissions via a plurality of
receive antennas, with each pilot transmission
comprising a plurality of pilot symbols sent in the
time domain on a different set of subcatriers. The
apparatus processes the plurality of received pilot
transmissions to obtain channel estimates. (OOtOJ
According to yet another aspect, an apparatus is
described which receives a plurality of pilot
transmissions via a plurality of receive antennas,
with the pilot ttansmisskms being generated based o
FD-CDM of a CAZAC sequence such as a Ch"sequence
defined by transmitter-specific value. The apparatus
processes the plurality of received pilot
transmissions to obtain channel estimates, [001.1.!
According to yet another aspect, an apparatus is
described which generates a. plurality of pilot
transmissions for a plurality of transmit antennas
based on a first multiplexing scheme. The apparatus
further generates a plurality of data transmissions
for the plurality of transmit antennas based on a
second multiplexing scheme that is different from the
fi rst multiplexing scheme. |0i2| According to yet
another aspect, an apparatus is described which
receives a plurality of pilot transmissions generated
based on a first multiplexing scheme. The apparatus
further receives a plurality of data transmissions
generated based on a second multiplexing scheme that
is different from the first multiplexing scheme. The
plurality of pilot transmissions and the plurality of
data transmissions are for a MIMO transmission sent
from multiple transmit antennas to multiple receive
antennas. The multiple transmit antennas may be
located at a single transmitter station or multiple
transmitter stations. J0013J Various aspects and
features of the disclosure are described in further
detail below. BRIEF DESCRIPTION OF THE PRAWIKGS
i.0014j FIG-. I shows a wireless multiple-access
communication system. {0015! FIG. 2 shows a block
diagram of a base station and a terminal. [003 j FIGS.
3A and 3B show two interleaved frequency division
multiplexing (IFDM) pilot subcamer structures. (0017J
FIGS. 4 and 5 show two processes for generating an FDM
pilot. [001$! FIG. 6 shows pilot transmissions from 4
transmit antennas for FD-CDM pilot. [001 ! FIGS. 7 and
8 show two processes for generating the FD-CDM pilot.
[0020| HG. 9 shows a process for sending pilot and
data with different multiplexing schemes. DETAILED
DESCRIPTION [0021 j The techniques described herein
may e used for various wireless communication systems
such as multiple-access communication systems,
broadcast systems, wireless local area networks
(WLANs). etc. The terms "systems" and"networks" are
often used interchangeably. The multiple-access
systems may be code division multiple access (CDMA)
systems, time division multiple access (TDIVlA)
systems, frequency division multiple access (FDMA.)
systems, orthogonal FDMA (OFDMA) systems,
single-carrier FDlSlA (SC-FDMA) systems., spatial
division multiple access (SDMA) systems, etc. The
techniques may also be used for systems that employ
different multiple access schemes for the downlink and
uplink, e.g., OFD A for the downlink and SC-FDMA for
the uplink, The downlink (or forward link.) refers to
the communication link from the base sfatloRS to the
terminals, and the uplink (or reverse link) refers to
the communication link from the terminals to the base
stations. {OO22| An OFDlVlA system utilises orthogonal
frequency division multiplexing (OFDM). An S-FDMA
system utilizes single-carrier frequency division
multiplexing (SC-FDM), OFDM and SC-FDM partition the
system bandwidth into multiple (K) orthogonal subcar
pers, which are also commonly referred to as tones,
bins, etc, Each subearrier may be modulated with data.
In general, symbols e seat the frequency domain with
OFDM and m the time domain with SC-FDMl SC-FDM
includes (a) IFDM. which transmits information on
subcarriers that are uniformly distributed across a
given frequency allocation and (b) localized frequency
division multiplexing (LFDy) which transmits
information on adjacent subcamers. J0G23J F J I shows
a wireless multiple-access communication system 100
with multiple base stations 110. A base station is
generally a fixed station that communicates with the
terminals and may also be referred to as Node B, an
enhanced Node B (eNbde B) an access point, etc. Each
base station 110 provides communication coverage for a
particular geographic area. The term "cell" can refer
to a base station and/or its coverage area depending
on the context in which the term is used. To improve
system capacity, a base station cox'erage area may be
partitioned into multiple smaller areas, e.g., three
smaller areas. Each smaller area may be served by a
respective base transceiver station (BTS) The term
"sector" can refer to a BTS and/or its coverage area
depending o the context m which the term is used. For
a sectorized cell, the BTSs for all sectors of that
cell are typically co-located within the base station
for the cell. [0024J Terminals 120 may be dispersed
throughout the system. A termmal may be stationary or
mobile and may also be referred to as a user
equipment, a mobile station, a mobile equipment,
access terminal, a station, etc. A terminal may be a
cellularphone, a personal digital assistant (FDA) a
wireless modem, a wireless communication device, a
handheld d vice a subscriber unit, a laptop computer,
a cordless phone, etc. JOO25| A system controller 130
may couple to base stations N O and provide
coordination and control for these base stations.
System controller 130 may be a single network entity
or a collection of network entities. {0026} FlG 2
shows a block diagram of design of a base station 110
and a terminal 120 in. system 100. Base station O is
equipped with multiple (U) antennas 220a through 22Ou
which may be used for data transmission on the
downlink and data reception on the uplink. Terminal
.120 is equipped with .multiple (V) antennas 152a
through 152v, which may be used for data transmission
on the uplink and data reception on the downlink. Each
antenna may be a .physical antenna or a antenna array.
J0G27J On the downlink, at base station 110, a
transmit (TX) data and pilot processor 21.4 receives
data from a data source 212, processes (e,g., formats,
encodes, interleaves, and symbol maps) the data, and
generates data symbols. Processor 214 also generates
pilot symbols as described below and provides the
pilot and data symbols to a TX 



spatial processor 216. As used herein, a data symbol
is a symbol for data, a pilot symbol i s a symbol for
pilot, a zero symbol is a signal v e of zero, and
symbol i s typically a complex value. The data symbols
may be .modulation symbols from a odulation scheme mch
as FSK or QAM. Pilot is data that is known a priori by
both t transmitter and receiver stations. Processor
216 multiplexes the pilot a d data symbols, performs
transmitter spatial mapping (if applicable), and
provides U output symbol streams to U modulators (MOD)
218a through 218u. Each modulator 218 performs
modulation (e.g., for OFDM 5 SC-FDM etc.) on its
output symbol stream to generate output chips and
further processes (e.g., converts from digital to
analog, analog Biters, amplifies, and upcoi verts) the
output chips to generate a downlink signal  downlink
signals from modulators 218a through 21Su are
transmitted via U antennas 220a through 22Ou
respectively. (002Sj At terminal 120, V antennas 252a
through 252v receive the U downlink signals, and each
t nna 252 provides a received signal to a respective
demodulator (DEMOD) 254, Each demodulator 254
processes (e.g., filters, amplifies, downconverts, a
digitizes) its received signal to obtain samples and
further performs demodulation (e.g., for OFDM SC-FDM
etc.) on the samples to obtain received symbols. Each
demodulator 254 provides received data symbols to a
MIMO detector 256 and providesreceived pilot symbols
to a channel processor 2 84 Channel processor 284
estimates the downlink MIMO ch n l response based o
the received pilot symbols arid provides channel
estimates to MMO detector 256. MIMO detector 256
performs MIMO detection on the received data symbols
with the channel estimates and provides data symbol
estimates. A data processor 258 further processes
(e.g., defo.terieaves and decodes) the data symbol
estimates and provides decoded data to a data sink
260. J0G29J On the uplink, at terminal 120, data from
a data source 272 and pilot are processed by a TX data
and pilot processor 274, further processed by a TX
spatial processor 276, and modulated and processed by
modulators 254a through 254v to generate V uplink
signals, which are transmitted via V antennas 252a
through 252 v\ At base station 110, the uplink signals
a received by U antennas 220a through 22Ou, processed
and demodulated by demodulators 2 18a through 218u
detected by a MIMO detector 232, and further processed
by an RX data processor 234 to recover the data sent
by terminal 120. A channel processor 244 estimates the
uplink MIMO channel response based o the received
pilot symbols and provides channel estimates to MIlVlO
detector 232 for MIMO detection. 0O30
Controllers/processors 240 and 280 control the
operation at base station i 10 and terminal 1.20,
respectively. Memories 242 and 2S2 store data aad
program codes for base station 110 and terminal 120,
respectively. {Q031.J The techniques described herein
may be used with various subcarrier structures. The
following description assumes that K total subcarriers
available for transmission and are assigned indices of
0 through K-I. 0032 F  3A. shows an IFDM pilot
subcarrier structure 300 that may be used for JFDM or
distributed OFDM data transmission. In subcamer
structure 300.. the K total subcarriers are arranged
tto T disjoint or oix-ovedappitig sets such that each
set contains L' subcarriers that are uniformly
distributed across the K total subcarriers, where T
and L' are suitably selected integer values,
Consecutive subcarriers in each set are spaced apart
by T subcarriers, where K ~ T -L' . Hence, set i
contains subcarriers i, T-ri, 2T + , ..", (L ' T + for
< {G,..., T-I J0033J F B shows an IFDM pilot
subcarrier structure 310 lhat may be used for LFDM or
localized OFDM data transmission. In subcarrier
structure 310, the K total subcarriers are arranged
into G disjoint groups such that each group contains
N* - K / O consecutive subcarriers, where N " and Q
are suitably selected integervalues. Thus, group 0
includes subcarrier 0 through N" ~- i , group .1
includes subcamers N" through 2N" -1L a d so on. nd
group G-- 1 includes subcarriers K N through K - I. .
f0034J The N * subcamers in each group ay be arranged
into T disjoint sets such that each set contains L"
subcarriers that are uniformly distributed across the
N" subcamers in that group, where N -L T . The N"
subcarriers in each group may thus be arranged in
similar manner as described above in. FIXl 3A. FiQ. 3B
shows the T sets of subcarriers for subcarrier group
1. |0035i general, any subcarrier structure may be
used for pilot and data transmission on the downlink
and uplink. For example, subcarrier structure 300 may
be used for the downlink, a subcarrier structure 310
may b e s d for the uplink. Other subcarrier
structures may also be used. On each H I pilot and
data may be sent using the same or different
subcarrier structures. }0036| A transmitter station
may transmit pilot via multiple (T) transmit antennas
using various multiplexing schemes such as time
division multiplexing (TDMX time-domain code division
multiplexing (TD-CDM), OFDM, IFDM, FD-CDM, etc. A
.receiver station may receive the pilot vi multiple
(R) r ce v antennas a d may estimate the MIMO channel
response well as background noise and interference
based on the received pilot. For the downlink, the
transmitter station may be base station 110, the
receiver staiiorx may be terminal .120, T .may be
equal to U, and R may be equal to V. For the uplink
the transmitter station may be terminal 120, the
receiver station may be base station 110, T may be
equal to V, and R may be equal to U. Pilot for a MIMO
transmission may comprise a different pilot sequence
for each of the T transmit antennas. A pilot sequence
s a sequence of known symbols that may sent in the
time domain or frequency domain depending on the
.multiplexing scheme used for the pilot. J0037) For
TDM pilot, time interval designated for pilot may be
partitioned into T time segments that may be assigned
to the T transmit antennas. The transmitter station
may send pilot transmission from each antenna in the
time segment assigned to that antenna. The piiot.
transmission from each antenna may b e any pilot
sequence and may be appended with a cyclic pr fix t
combat frequency selective fading ca sed by delay
spread in a multipara channel. A cyclic prefix is also
referred to as a guard interval, preamble, etc. The
cyclic prefix len th may be selected based on the
expected delay spread. A unique word may also be used
in place of the cyclic prefix. The receiverstation may
estimate the MtMO channel response and noise using
time-domain RAKE processing (which is commonly used in
CDMA systems) or frequency-domain processing. Noise
estimation may be trivial since pilot is sent from
only one transmit antenna in any given time segment
and there is no interference from other transmit 



antennas. Inter-transmitter pilot interference from
other transmitter stations may be suppressed by using
different pilot scrambling sequences for different
transmitter stations. J003SJ For TD-CDM pilot, T
different orthogonal sequences may be assigned to the
T transmit antennas and used to achieve orthogonality
in the time domain. The transmitter station may
generate a time-domain pilot sequence for each
transmit antenna by multiplying a time-domain base
sequence with the orthogonal sequence for that
antenna. The transmitter station may then generate a
piiot transmission for each transmit antenna based on
its time-domain pilot sequence. The pilot transmission
from each transmit antenna may not observe multipath
interference due to data streams but may observe
imiliipaih interference du to pilot transmissions from
other transmit antennas. The receiver station may
estimate the MIMO channel response using time-domain
RAKE processing, which can exploit the orthogonality
among the T pilot transmissions due to e of the
orthogonal sequences assigned to the T transmit
antennas. The receiver station may estimate noise
without interference from the observed data streams.
Intertrans  iitter pilot interference ay be suppressed
by using different piiot. scrambling sequences for
different transmitter stations. J0039J For OFDM and
IFDM pilots. N subcapiers may be used for pilot
transmission and may be arranged into T disjoint sets,
e.g., as shown in FIG. 3A or 3B, with each set
including L subcarriers, where N T -L <K . In FlG. 3A,
N may be equal to K, and L may b eq l to V . in FIG.
3B, N may be equal to N'', and L may be equal to L*.
In any case, the L subcarriers in each set may
uniformly distributed across the TSf subcarriers to
allow the receiver station to sample the frequency
spectrum across all of the N subcarriers, which may
improve channel and noise estimation performance. Each
of the T transmit antennas may be assigned a different
one of the T subcarrier sets. {0040} For OFDM pilot,
the transmitter station may send a pilot transmission
from each transmit antenna in the frequency domain on
a set of L suhc&rriers assigned to that antenna. For
each transmit antenna, the transmitter station may map
L pilot symbols to L subcarriers i the assigned set,
map zero symbols to the remaining K ~ L
subcarriers,and generate an OFDM symbol based on the
mapped pilot and zero symbols. The T pilot
transmissions from the T transmit antennas occupy
different subcarriers and are thus orthogonal in
frequency. The receiver station may perform channel
and noise estimation based on received pilot symbols
using frequency-domain processing. The channel and
noise estimation does not suffer from inter-antenna
interference since orthogonality is achieved among the
T pilot transmissions, However, a drawback with OFD is
high peak-to-average power ratio (PAPR), which means
thai the ratio of the peak power to the average power
of an OFDM waveform can be high in the time domain.
The pilot symbols used for each transmit antenna may
be generated or selected such that the PAPR is as low
as possible. Inter-transmitter interference may be
mitigated by proper pilot planning, frequency hopping,
etc. |004:i.| For IFDM. pilot, the transmitter station
may send a pilot transmission from each transmit
antenna in the time domain on a set of L subcarriers
assigned to that antenna. For each tra mit antenna,
the transmitter station may transform L pilot symbols
from the t m domain to the frequency domain, map the L
transformed symbols to L subcarriers in the assigned
set map zero symbols to the remaining K - L
subcarriers. and generate n FDM symbol based on the
mapped transformed and zero symbols. The T pilot
transmissions from the T transmit antennas occupy
different subcarriers and are thus orthogonal in
frequency. T receiver station may perform channel and
noise estimation based on received pilot symbols s ng
frequency-domain processing. The channel and noise
estimation does not suffer from inter-antenna
interference since orthogonality i achieved among the
T pilot transmissions. Furthermore, high PAPR may be
avoided by using pilot symbols with constant amplitude
in the time domain. Good channel estimation
performance may be achieved by properly generating the
pilot symbols as described below. Inter-sector
interference may be mitigated by proper pilot
planning, frequency hopping, etc. J0042J For FD-CDM
pilot, T different orthogonal sequences may be
assigned Io the T transmit antennas and used to
achieve orthogonality in the frequency domain. The
transmitter station may generate frequency-domain
pilot sequence for each tra i antenna by multiplying a
frequency-domain base sequence with the orthogonal
sequence for that antenna. The transmitter station may
then generate a pilot tra smission for each transmit
antenna based on Its frequency-domain pilot sequence.
The T pilot transmissions from the T transmit antennas
may be nearly orthogonal in amultipath channel due to
use of different orthogonal sequences. The receiver
station may perform channel noise estimation based on
received pilot symbols using frequency-domain
processing, e.g., in similar manner as for the OFDM
and IFDM pilots. [0043} Several multiplexing ch e for
pilot are described in further detail below. 1. IFDM
pilot (0044J An IFDM pilot may be sent from the T
transmit antennas on T disjoint sets of subcarriers,
e.g., as shown i FIG. 3A or 3B. one set of L subcamers
for each transmit antenna. The IFDM piiot may be
generated with a base sequence having good properties.
For ex pl b e ue c y l t to have good t mpo a
characteristics (e.g., a constant time-domain
envelope) d good spectral characteristics (e.g., a
fiat frequency spectrum). These good temporal and
spectral characteristics may e obtained with various
CAZAC (constant amplitude zero auto-correlation)
sequences. Some example CAZAC sequences include a Chu
sequence, Frank sequence, a generalized chirp-like
(GCI.,) sequence, a Golomb sequence, P L P3 P4 and Px
sequences, etc. [004Sj n one desig a Chu sequence C1
(n) of length L is used as the base sequence for the
WDM. pilot This Chu sequence may be expressed as: C1
(") e '- , for ft 0, .,." L - I with even L Eq (1)
cL(n) - e l , for ~ 0, ..., L - 1 with odd L , Eq (2)
where l is a frequency increment nd that is selected
such that l and L are relatively prime and have a
greatest common denominator of L L is the base
sequence length and may correspond to the number of
subcarriers assigned to each transmit antenna for
pilot transmission, L may be a prime number (e.g., L
-257), which may provide good cross-correlation
properties for Chu sequences generated with L-J
different values of 



l. L may also be selected based on the number of
subcarriers sed for pilot transmission by each
transmit antenna (e.g., L 256).p J004 1 .In equations
(i) and (2), Xmay be used as a transmitter-specific
value or code to distinguish the pilots from different
transmitter stations, as described below. A set of
values may be determined for Xbased on the sequence
length. L . For example, the set may include Xvalues
of . 3,. 4 5, and 6 for sequence length of L - 7 .
Different X values .may be assigned to different
transmitter stations, e.g., different base stations o
the downlink or different terminals on the uplink.
Since two base sequences generated with different Xv l
have mini cross-correlation if the difference between
the two X values are relatively prime to L, pilots
sent by different transmitter stations with different.
Xvalues minimally interfere with one another in such a
case. OO47| The Chu sequence has a . constant
time-domain envelope, which results Jn low PAPR for
the pilot. The Chu sequence also has &flat frequency
spectrum, which may improve channel estimation
performance especially wtien the distri butio of the
channel spectral density is not known. l004S| In
another design, an L-pomt inverse discrete Fourier
transform (IDFT) is performed o th Chu. sequence (")
to obtain a transformed qu nc CL(k) th L symbols. The
transformed sequence is then used as the base
sequence. J0049J In yet another design, pseudo-random
number (PN) sequence / ( ) having good
auto-correlation and cross-correlation properties and
low PAPR properties in the time domain s used a s the
base sequence. The PN sequence may be derived i any
manner known in the art, e.g., based on a polynomial
generator or with an exhaustive search of all possible
sequences of length L. Other sequences may also be
used as the base sequence. jOOSbj The IFDM pilot for
the T transmit antennas may be generated in various
manners. In one scheme, the base sequence is
replicated T times and concatenated to obtain an
extended base sequence, as follows: T i ) >, ( - ) Eq
) where b (m-h  ) is abase sequence that is delayed by
-L samples, and f (") is an extended base sequence of
length N . }005.11 The base sequence L(n) of length L
may be equal to (a) the Chu sequence so that J ) J (",
(b) the PN sequence so that L( ) -pn(ri), or (c) some
ofnersequence. In equation (3), the T copies of the
base sequence (n) are delayed and arranged such that
the start of the /-th sequence follows immediately
after the end of the (M)-th sequence. The T delayed
sequences are summed to obtain the extended base
sequence hm ( ) of length N. [00521 pilot eq ce ma b e
generated for each transmit antenna as follows: ,2x i
n) e . . ( ) , for 0, ... ,N - I , Eq (4) wh r P (n)
is the pilot sequence for transmit antenna . Equation
(4) applies a linear phase ramp to the samples in the
extended base sequence. The slope of the phase ramp s
different for different trans it antennas. }qS3J The
base sequence (n) contains L time-domain samples and
occupies L consecutive subcarriers. The replication of
the base sequence T times results i the extended base
sequence (") occupying every T-th subcarriers in the
frequency domain, with zeros for the T - ] subcarriers
between consecutive occupied subcarriers. The
multiplication with i - jo n ff ve y shifts the pilot
sequence for transmit antenna by / subcarriers in the
frequency domain. The T pilot sequences for the T
antennas are shifted by different numbers of
subcarriers and are thus orthogonal in the frequency
domain, with each pilot sequence occupying a different
set of L subcarriers, e.g., as shown FlG. 3A or 3B.
QO54| FKJ 4 shows process 400 for generating the LFDM
pilot. A plurality of pilot sequences are generated
for a plurality of transmit antennas, with each pilot
sequence comprising a plurality of pilot symbols sent
in the lime domain on a different set of subcarriers
(block 410). The plurality of pilot sequences may b e
generated based on a Chu sequence with Ji- l a Chu
sequence defined by a transmitter-specific value, some
other CAZAC sequence, a FN sequence, etc. A plurality
of pilot transmissions are generated based on the
plurality of pilot sequences (block 420). fOOSSi FIG.
5 shows a process 500 for generating the IFDM pilot.
Process 500 includes blocks 5.10 and 520 that
correspond to blocks 410 &n  420, respectively, in
FIG. 4. A base sequence of length L (e.g., a Chu
sequence, an IDFI of the Chu sequence, a PN sequence,
etc.) is initially generated (block 512). An extended
base sequence of length N then generated by
replicating and concatenating .multiple (T)copies of
the base sequence (block 514). A pilot sequence is
generated for each transmit a t n a by applying
different phase ramp to the extended base sequence,
e.g., as shown in equation (4) (block 516). A pilot
transmission of length N C a be generated .for each
transmit a te by appending cyclic prefix of length C
to the pilot sequence for tliat antenna (block 520)
The cyclic prefix insertion is achieved by copying the
last C samples of the pilot sequence axid appending
these C samples to the start of the pilot sequence.
The pilot transmission may also be generated in other
.manners based on the pilot seqiietice, e.g., the
pilot sequence may be provided directly a s the pilot
transmission without any cyclic prefix. [0056] In
another scheme for generating the IFDM pilot for the T
transmit antennas, which may be used for any
suhcarrier structure including the ones shown in FIGS.
3A and 3S a time-domain base sequence with .L pilot
symbols (e.g., a Chu sequence) is initially generated.
An L-point discrete Fourier transform (DFT) is then
performed o the time-domain base sequence to obtain a
frequency -domain base se uenc with L transformed
symbols. For each transmit antenna, the L transformed
symbols are mapped to the L s bcarrkrs assigned to
that antenna, and N L zero symbols are mapped to the
remaining subcarers. An N-poiut IDPT Is then performed
on the N transformed symbols and zero symbols to
obtain a time-domain pilot sequence with samples.
cyclic prefix may b e appended to this pilot sequence
to obtain the pilot transmission for the transmit
antenna. The IFDM pilot for the T transmit antennas
may also b e generated in other manners. |00571 In
general, a pilot sequence o a pilot transmission may
be generated by determining the symbols or samples for
the pilot sequence/transmission based on 



appropriate tion e.g., as described above. A pilot
sequence or a pilot transmission may also b e
pre-corputed and stored in memory  n this case, the
pilot sequence or pi ot transmission may he generated,
whenever needed, by simply reading from the memory.
Thus, the term "generate" may include any action (e .g
computation, memory retrieval, etc.) to obtain the
pilot sequence or pilot transmission. fOOSSJ For the
IFDM pilot, the T pilot transmissions from the T
transmit antennas are disjoint in frequency d are thus
orthogonal in a multipath channel. The PAPE. is low if
a pilot sequence with constant envelope in the time
domain is used. Furthermore, the pilot energy is
uniformly distributed in frequency if a CAZAC sequence
such as a Chusequence i s used., which may simplify
channel and noise estimation while providing good
performance. FP-CPMi pilot fO5 A FD-CDM pilot may be
sent from the T transmit antennas on the same set of N
ubcarriers, However, the pilot transmission from each
antenna is multiplied in the f qu c domain with a
different orthogonal sequence. The FD-CDM pilot . y be
generated with a base sequence having good
characteristics. f006| In one design, a Chu sequence c
(ri) of length N is used as a time-domain base
sequence for the FD-CDM pilot. This Chu sequence, for
even N may be expressed as: 0061| An N-point DFT m&y
be performed o the Chu sequence ( ) to obtain a
transformed Chu sequence C (k) with N symbols. The
transformed Chu sequence may be used as a
frequency-domain base sequence B (k . In another d sig
the Chu sequence c - (n) i used directly as the
frequency-domain base sequence. En yet another design,
a PN sequence PN (k) of length N is used as the
frequency-domain base sequence. Other sequences may
also be used as the base sequence. n general, the
frequency-domain base sequence B (k) of length N may
be equal to (a) the Chu sequence so that B (k) ( }
where n k (b) the transformed Chu sequence so that J
f(Ar) C ( -) , (c) the sequence so that B (k) PN (k)
or (d) some other sequence. [0062] The ED-CDM pilot
for the T transmit antennas may be generated m various
manners. I one scheme, a frequency-domain pilot
sequence y be generated for each transmit antenna as
follows; where W.{k) is orthogonal sequence for
transmit a tenna i, and P (Ic) is a frequency-domain
pilot sequence for transmit t na L}<>3| la general,
various orthogonal sequences may be used for fV.:(k)
in equation (6). For example, the orthogonal sequences
may be Walsh sequences from a Hadamard matrix,
sequences from a Fourier matrix, etc. The orthogonal
sequences may also have any le gth that  $ equal to or
longer than T and i i t g divisor of N. I one design,
the orthogonal sequences are ne as follows: < ) . ' ,
for .^0,..,,N~i and / -0, .,.,T-I . Eq (7) j0064{ T
orthogonal sequences may be generated based on
equation (7) for ?' G, ...,T- I . These orthogonal
sequences have length of N but are periodic over T and
thus repeat every T symbols. The use of these
orthogonal sequences does not increase the time-domain
PAPR nor the frequency-domain PAPR, which is
desirable. }0065| The frequency-domain pilot sequence
for each transmit antenna may then be generated as
follows: -B ;(k) , for k ~ 0, . , N - i . Eq (S)
J0066J Equation (8) essentially modulates the
frequency-domain base sequence with the orthogonal
sequence, which is at. a different frequency for each
transmit antenna. It can be shown that modulating the
frequency-domain base sequence by J U:rx is equivalent
to cyclically shifting the corresponding time-domain
base sequence by L-/ samples. The time-domain pilot
sequence for each transmit antenna may then e
generated as follows: t - b n - h TL) mod N) , for "
0,..., N - 1, Eq (9) where ( ) is a time-domain base
sequence of length M, d P1( t) a time-domain pilot
sequence for transmit antenna . 10067| The time-domain
base sequence zn) may he equal to (a) tlie Chu
sequence so that (h) - ( ) > (b) .e FN sequence so
that (") pn(fi) or (c) some other sequence. The cyclic
shifting in equation (9) is achieved by taking the
last L-i samples of the time-domain base sequence and
appending these L samples to the start of the base
sequence. Different numbers of samples are cyclically
shifted for differenttransmit antennas. 1" particular,
Osamples are cyclically shifted .for transmit ant a 0,
L samples are cyclically shifted tor transmit antenna
I- and so on, and (T - ) -L samples a cyclicaHy
shifted for transmit antenna T 1. {0068} FIG. shows
example pilot sequences and pilot transmissions for T
4 transmit antennas for the FD-CDM pilot. The pilot
sequence for transmit antenna 0 is equal to the base
sequence (") . The pilot sequence for transmit antenna
is equai to the base sequence cyclically shifted by L
samples. The pilot sequence for transmit antenna 2 is
equal to the base sequence cyclically shifted by 2L
samples. The pilot sequence for transmit antenna 3 is
equal to the base sequence cyclically shifted by 3L
samples. The pilot transmission for each transmit
antenna is generated by appending a cyclic prefix to
pilot sequence for that transmit antenna, iW$9\ FfG 7
shows a process 700 for generating the FD-CDM pilot. A
plurality of pilot sequences are generated for a
plurality of transmit antennas based on FD-CDM of a h
sequence e.g., a CAZAC sequence such as a Chu sequence
defined by a transmitter-specific value (block 710). A
plurality of pilot transmissions are generated based
on the plurality of pilot sequences (block 720) The
pilot transmissions may be sent on the downlink, and
neighboring base stations may be assigned different
transmitter-specific values. The pilot transmissions
may also be sent on the uplink, and ditYerent
terminals may be assigned different
transmitter-specific values. (007"{ FiG. 8 shows
process SOO for generating the FD-CDM pilot, Process
800 includes blocks 810 and 820 that correspond to
blocks 710 and 720 respectively, m FlG. 7, A.
time-domain base sequence of length N ( g., a Chu
sequence defined by a transmitter-specific value, a PN
sequence, etc.) is initially generated (block S12). A
time-domain pilot sequence for each transmit antenna /
is then generated by cyclically shifting the
time-domain base sequence by Iw samples (block S1.4).
The cyclic shifting in the time domain achieves the
frequency -domain multiplication with the orthogonal
sequence shown m equation (7). A. pilot transmission
of length NrC may be generated for each transmit
antenna by appending a cyclic prefix of length C to
the 



time-domain pilot sequence for that a t a (block 820).
{0071 { In another scheme for generating the FD-CDM
pilot for the T transmit antennas, which may be used
with any orthogonal sequences d for any subcarrier
structure, a time-domaio base sequence of length N
(e.g.., a Chu sequence defined by a
transmitterspecific value) is initially generated attd
transformed with an H-point DFT to ob m
afrequency-domain as se ue ce For each transmit
antenna, the frequency-domain ba sequence is
multiplied with an orthogonal s u c assigned to that
antenna to obtain an intermediate sequence. An N-point
IDFT is then performed on the intermediate sequence to
obtain a time-domain pilot sequence of length N A
cyclic prefix may be appended to the time-domain pilot
sequence to obtain the pilot transmission for the
transmit antenna. The FD-CDM pilot for the T transmit
antennas y also be generated in other manners. [00721
r ot the IFDM and FD-CDM pilots with the Chu
sequences, different values of X may be assigned to
different transmitter stations to reduce pilot
interference and assist the receiver stations acquire
pilots from the different transmitter stations. O the
downli k different l values may be assigned to
neighboring base stations or BTSs, one X v l for each
base station or BTS. Each base station or BTS y
generate U pilot transmissions for its U antennas with
the assigned L value, e g., as described above. A
terminal may receive pilot transmissions from multiple
base stations and may be able to detect an distinguish
the pilot transmissions from each base station based
on the l value assigned to that base station or BTS.
On the uplink, different l values may b assigned to
different terminals that may simultaneously sent pilot
transmissions to the same base station or BTS, one
Xvalue for each terminal. Each terminal niay generate
V pilot transmissions for its V antennas with the
assigned l value, e.g., as described bo . The b se
station may receive pilot transmissions from multiple
terminals and may be able to detect and distinguish
the pilot transmissions from each terminal based o the
Xvalue assigned to that terminal. |0073| Lt is
desirable for the pilot sequences from different
transmitter stations (e.g., different base stations on
the downlink or different terminals on the uplink) to
have as low cross-correlation as possible. Pilot
sequences of length L for the IFDM pilot or len th N
for the FD-CDM pilot .may be generated with different
X values. The crosscorrelation between these pilot
sequences may be determined for different time shift s
A set of X values with small cross-correlation between
their pilot sequences may be selected for use, (0074}
Different l values may l o b used to s pport spatial
division multiplexing (SDM) on the uplink, For l ,
multiple terminals transmitting simultaneously to a
given base station may be assigned different l values.
Each terminal ay generate itspilot transmissions based
oo its assigned l value. Alternatively, the multiple
terminals transmitting simultaneously to the base
station may be assigned the same l value but different
orthogonal sequences or cyclic shifts. Each terminal
may generate its pilot transmissions based on the
common l value and its assigned orthogonal sequences
or cyclic shifts, 3 . Pilot ami Data Multifitextng
Schemes [Q075J In general, the transmitter station may
achieve orthogonality between pilot and using TDM,
FDM, etc. For TDM, the transmitter station may send
pilot in some time intervals and send data i other
time intervals. For F.DM, the transmitter station may
sead pilot on some subcaoiers and send data on other
ubcarriers, The transmitter s ation may achieve
orthogonality between the pilot transmissions from the
T transmit antennas using any of the multiplexing
schemes described above. The transmitter station may
send pilot from T transmit antennas using a first
multiplexing scheme and may e d data from the T
antennas using a second multiplexing .scheme, In
general, the first multiplexing scheme may be the same
as or different from the second multiplexing scheme.
}0076{ FK 9 shows a process 900 for sending pilot and
data with different .multiplexing schemes. A plurality
of pilot transmissions for a plurality of transmit
antennas are generated based on a .first multiplexing
scheme (block 912). A plurality of data transmissions
for the plurality of transmit antennas are generated
based on a second multiplexing scheme that is
different from the first multiplexing scheme (block
914). The plurality of pilot transmissions may be sent
a first time interval, and the plurality of data
transmissions may he sent in a second time interval
with TDM (block 9 16). The plurality of pilot
transmissions .may also be sent on a first set of
subcapiers, and the plurality of data transmissions y
be sent on a second set of subcarriers with FDM,
(0077} The first multiplexing scheme may be OFD and
the second multiplexing scheme may be SC-FDM (e.g.,
IFDM or LFDM), TD-CDM, SDM etc. The first multiplexing
scheme may be SC-FDM (e.g., IFDM) and the second
multiplexing scheme ay be OFDM, TD-CDM, SDM, etc. The
first multiplexing scheme may be FD-CDM, and the
second multiplexing scheme may be OFDM, SC-FDM,
TD-CDM. SDM, etc. The first and second multiplexing
schemes may also be other combinations of multiplexing
schemes.f0078J The first multiplexing scheme may be
selected to reduce pilot overhead while achieving good
channel nd noise estimation performance for MIMO
transmission. The second multiplexing scheme may be
selected to achieve good performance for data
transmission among different streams of a single
terminal or among different terminals. Different
multiplexing schemes for pilot and data may b e
readily supported using frequency-domain processing
for channel estimation and data detection, as
described below. 4. Clhmiael Estlniatjo" J0079] The
receiver station may receive pilot transmissions from
the transmitter station and may perform channel ti tio
i various m r based on the received pilot
transmissions. Channel estimation may be performed in
different manners for different pilot multiplexing
schemes. Several example channel estimation techniques
are described below. 0 801 For the IFDM pilot, the
receiver station may obtain R received pilot
transmissions via the receive antennas and may remove
the cyclic prefix in each received pilot transmission
to obtain N time-domain samples. The receiver t ti o
may then transform the N time-domain samples for each
receive antenna with M-poipt DFT to obtain N received
symbols for the N subcarriers used for the IFDM pilot
The received symbols from each receive antenna y be
expressed as: 



0, ..., N --i , Eq (IO) where { ) a transmitted symbol
from transmit antenna on subcarrier . .(A-) is complex
channel gain from transmit antenna to receive
antenna.J on subcarrier k R,(k) is a received symbol
from receive antenna/ on subcarrier k and N ,.(A-) is
noise for receive antenna j on subcarrier L P k ) is a
frequency-domain pilot sequence that may be obtained
by performing an Npomt DFT on the time-domain pilot
sequence / ) for transmit antenna i.|G81J As shown  n
equation (J.0), the rece v symbol R (k) from receive
antenna / is composed of the sum o f the T transmitted
symbols Pf ( ) weighted by the channel g i (k) between
die T transmit antennas and receive antenna ,/ . The
received symbol /?,(A) is further degraded by noise N
,.(k) . For the 3FDM pilot, each transmit antenna i is
assigned a different subset of the N subca p ers.
Hence, the transmitted symbols P (k) from transmit
antenna i are non-zero for only L subcamers assigned
to antenna . {0OS2J In one design, the channel gains
axe estimated based on least-squares technique, as
follows: where H . ,(A -T i- i) s a cha nel gain
estimate between a s it antenna / a receive antenna
for subcarrier T - / , which is an estimate of ; .( -
T4- ) . Since each transmit antenna is assigned a
different set of L siibcarriers, equation ( 11)
derives the channel gain estimates for each transmit
antenna by dividing the received symbols from the L
subcarriens assigned to a na / by the transmitted
symbols from antenna /. |00S3| In another ig . the
channel gains are estimated based on ni um meansquare
error (MMBB) tech i a s follows: where t ( - T /) is t
e variance of the noise N {k - ) for stibcarrier k-T i
. For the hu sequence, \Pf (k- U i) \  and the
denominator in equation. (12) may be replaced with .1
< ( -T-+ / ) . |0084| A channel gain estimate may b e
derived based o equation ( I l ) or ( J2) or some
other equation for each subcar per k of each pair of
transmit antenna / and receive antenna/ T R. sets of
channel gam estimates may be obtained o r a.U T
Itammit antennas arid R receive antennas, one set for
each transmit-receive antenna pair, with each set
including L channel gain estimates for L subcarriers.
Each set of channel gainestimates may be transformed
with an L-roint IDFX to obtain a corresponding channel
impulse response estimate with L taps, as follows: k .
;ii) lOYU {H .(k)} Bq (13) where ?{f) is a channel
impulse response es i a e between transmi antenna /
and receive antenna . The channel impulse response
estimate may also be obtained from the channel gain
estimates using least-squares, MMSE, robust MMSE. or
some other technique known in the art. JOOSSj Various
types of post-processing such as truncation,
thresholding, tap selection, etc, may be performed on
the L channel taps of each channel impulse response
estimate. For truncation, e first Q channel taps are
retained and the remaining L - Q channel laps are
zeroed out, where Q may be selected based o the
expected delay spread of the wireless channel For
thresholding, channel taps with magnitude below a
threshold are .zeroed out, where the threshold may be
a fixed vaiue or a particular percentage of the total
energy of ail L channel taps. For tap selection, B
best channel taps are retained and all other channel
taps are zeroed out, where B may be a fixed value or a
configurable value determined based on SNR, etc.
}0086| After completing the post-processing, the L-iap
channel impulse response estimate for each
transniit-receive antenna pair may be padded with N -
L zeros. An N-pomt DFT may then b e performed o the
zero-padded channel impulse response estimate to
obtain N channel gain estimates for the sufacarriers
of the transmit-receive antenna pair. The channel gain
estimates may be used for MIMO detection of received
data s mbo and/or other purposes JQ0S7J For the FD-CDM
pilot, the received symbols from each receive antenna
may be expressed as". fl(k) P(Jc)H u (JC) + N,{ky .
for 0, .... 1. Eq (14) ~ where k) is a received symbol
from receive antenna./ on subc&rrier k , |008S| In o
design, tlie channel gains are estimated based o the
leastrsquares technique, as follows:. ) 0,.../N . Bq
(IS) T--t where ) L_ , and Eq (16) N (k) ~ N / (k)/P t
(k) is processed noise. [0089j \ { ) h interference
observed by the channel gain estimates f (k) for
transmit antenna / due to pilot transmissions from the
other T 1 transmit antennas. For the orthogonal
sequence shown in. equation (7), the interference from
each transmit antenna m to transmit antenna may be
expressed as: {0090J An N-pomi IDFT of equation (37)
may e expressed as; j.0091 j Equations (17) and. (18)
indicate that the interference from transmit antenna m
to tr s i antenna / is tl e channel impwise response
,K!() for transmit antenna //? shifted by (m~ f) -L
taps. The amount of shift in kmJ {) is equal to the
difference i the cyclic shifts for t t antennas m and
. L should thus be greater than the expected delay
spread of the wireless channel. An N-poim IDFT of
equation ( 5) may then be expressed as:  L - (>" 0 ) .
Eq (20) [0092| Equations (.19) and (20) indicate that
the channel impulse response t t h J () between
transmit antenna and receive aiUennay includes h
desired channelimpulse response hu {) plus T ~ l time
shifted channel impulse responses for the other T 1
transmit antennas. The removal of the other pilot
sequences in equation (6) may thus be performed in the
lime domain by retaining the t L channel taps, which
contain .(i) for transmit a t a L and discarding the
remaining N - L channel taps, which contain. J() for
the other T-I. transmit antennas. |00.93| For the
least-squares technique with a Ghu sequence having a
flat frequency spectrum, an N-point IDFT may be
performed on the K received symbols R.(k) for N
subcarriers, after removing the phase of the
transformed Can sequence, to obtain N channel taps.
For other base sequences without a flat frequency
spectrum (e.g., a PN sequence), the received symbols i
?7{ ) tnay be divided by the frequency-domain base
sequence (A) and then transformed with an N-point.
IDFT to obtain N channel taps. 



For the orthogonal sequence shown in equation (7), the
first channel taps may be provided as the channel
impulse response estimate ,(Q for transmit antenna 0,
the e t L ch el taps may be provided as the channel
impulse response estimate h t i(i) for transmit
antenna .1, and so o and the last L channel taps may
be provided as the channel impulse response estimate h
.Ki (i) for transmit antenna. T - 1. J0094] In another
design the channel gains are estimated based on the
MMSE technique, as follows; {0O95| An N-point EDFT may
be performed on the M channel gain estimates from
equation (21) to obtain. N c e taps for T channel
impulse response estimates for the T transmit a ten as
described above. [00961 I general, N received symbols
M {k) from N streamers for each receive antenna/ may
be processed with the frequency-domain base sequence .
( ) based on the least-squares technique, the MMSE
technique, or some other technique to obt in N initial
channel gain estimates H f (k} . The N initial channel
gain estimates may be multiplied in the frequency do i
with the orthogonal sequence W.{k) for eachtransmit
antenna to obtain L channel gain estimates for that
transmit antenna. The L channel gain estimates for
each transmit antenna may be transformed with an
L-point IDFT to obtain an L-tap channel impulse
response estimate M (.<?) for that transmit antenna.
Alternatively, the removal of the other pilot
sequences may be performed in the time domain, as
described above. In any case, post-processing (e.g.,
truncation, thresholding, tap selection, zero padding,
etc.) may be performed on the L-tap channel impulse
response estimate for each transmit antenna to obtain
an N-tap zero-padded channel impulse response
estimate, which may then be transformed with an
N-point. DFT to obtain M final channel gain ti a te or
the N subearriers of thai transmi t antenna. The
processing may be performed in different manners
depending on the frequency-domain base sequence B (k)
and the orthogonal sequences W(k) used for the FD-CDM
pilot. Channel estimatioii may also be performed in
other manners. 00 71 TUe background noise and
interference for each subcarrier ay be estimated based
o the received symbols and the channel gain estimates.
For the FDM pilot, the noise and interference for eaci
subcarrier k may be estimated as follows: T-i s: ,,<*
) | ( ) S ) ) - q (22) where v ( ) the estimated
variance of the noise and interference for receive
antenna j on subcarrier k. The noise and interference
may be estimated m" similar manner for the FD-CDM
pilot, albeit with / .( ) replaced witii ,( ) and I )
replaced with  ]{k) . The noise and interference
estimate <r k ) may be averaged across R receive
antennas to obtain a noise and interference estimate
<t . (k) for each subcarrier A-, which may be used for
MIMO detection and/or other purposes. The noise and
interference estimate l,{k) may also be averaged over
all subearriers and across time to obtain a long-term
noise and interference estimate, which may "sed to
estimate operating conditions and/or for other
purposes. MIMO Detection }0G9S| The receiver station
may recover data symbols sent by the transmitter
station based on various MlMO detection techniques
such as au MMSB technique, a oforcing (ZF) technique,
a .maximal ratio combining (MRC) technique, a .
space-frequency equalization technique, etc. The
received data symbols fro the R receive antennas for
each subcarrier /f may he expressed as: where GU9 The
transmitted symbols X(A') may be data symbols sent in
the frequency domain with OFDM or the DFT of data
symbols sent the time domain with SC-FDM. The channel
gains in h,(k) d H(&) may be estimated based on the
received pilot transmissions, as described above. |Q
ffj Equalizer coefficients may be derived based on the
MMSE, ZF, and MRC techniques, a s follows: where( ') i
s an R R noise and interference covariance matrix for
antenna and -lf denotes a conjugate transpose 1.00101j
The noise and interference covariance matrix y b e
expressed as: where !R( ) E {n(k}--nh (k) is an R x R
noise covariance matrix, and E{ } is an expectation
operation. {00102] The noise covariance at rix may be
approximated a s ( ) - , (k) - for spatially and
spectrally uneorreiaied noise, -where | i s an
identity matrix. R(k) may also b e estimated based on
equation (22), J00t03j MIMO detection for each
transmit antenna may be performed as follows: where (
) is a biased estimate of (Ar) sent from transmit
antenna " i a . scaling factor for t(k), and V k) is
post-detection noise and interference for . . [00104]
The detected symbols for each transmit antenna i may
then b e expressed as: }(M>305} The detected symbols
'){&) y be provided directly a s data symbol estimates
f the data symbols axe sent in the frequency domain
with OFDM The detected symbols may b e transformed
with an IDFT to obtain the data symbol estimates if
the data symbols are sent in the time o i with SC-FDM.
{00306] ho of skill n the art would understand that
information and signals may be represented using any
of a variety of different technologies and techniques.
For example, data, instructions, commands, i fo rra a
on signals, b s , symbols, and chips that may be
referenced throughout the above description may b e
represented byvoltages, curre ts, electromagnetic
waves, magnetic fields or particles, optica] fields of
particles, or any combination thereof. J00107) Those
of skill would further appreciate that th various
illustrative logical blocks, modules, circuits, and
algorithm steps described in connection with the
disclosure herein may be implemented as electronic
hardware, computer software, or combinations of both,
To clearly illustrate this interehangeability of
hardware d soft wa e, various illustrative components,
blocks, modules, circuits, a d steps have b er
described above generally m terms of their
functionality. Whether such functionality i
implemented as hardware or software depends upon the
particular application and design constraints Imposed
o the overall system. Skilled artisans may implement
the described functionality in varying ways for each
particular applicatio but such implementation
decisions should not be interpreted as causing a
departure from the scope of the present disclosure. 



(0OiOS] The various illustrative logical blocks,
modules, and circuits described m connection with the
disclosure herein may be implemented or performed with
a generalpurpose processor, a digital signal processor
(DSF), an application specific integrated circuit
(ASIC), field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein, A generalpurpose processor may be a
microprocessor but in the alternative, the processor
may be any conventional processor, controller,
.microcontroller, or state machine. A processor may
also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, o or
more microprocessors in conjunction with a DSP core,
or any otier such configuration. {00109} The steps of
a method or algorithm described in connection with the
disclosure herein may be embodied directly i hardware,
in a o ar module executed by a processor, or in a
combination of the two. A software module ma reside in
RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard d k a removable disk, a
CD-ROM, or y other form of storage medium known in the
art. An exemplary storage medium is coupled to the
processor such that the processor can read mfomiation
from, and wri information to, the storage medium. TE
the alternative, the storage medium may be integral to
the processor. The processor and the storage medium
may reside in ASIC. The ASTC may reside in a
userterminal. 1 the alternative, the processor and the
storage medium may reside as di ret components i a
user terminal. jHOj Headings axe included herein for
reference a d to aid in locating certain sections.
These headings are not Intended to limit the scope of
the concepts described therein under, and these
concepts may have applicability i other sections
throughout the entire specification, (001. JJ J The
previous description of the disclosure provided to
enable any person skilled i the art to make or use the
disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art,
and the generic principles defined herein may be
applied to other variations without departing fr o the
sp i i or scope of the disclosure. h S1 the disclosure
is not intended to be limited to the examples
described herein but is to b e accorded the widest
scope consistent with the principles and novel
features disclosed herein. JOOi i 2j WHAT IS CLAIMED
IS:<.XAIMS L An apparatus comprising: at least one
processor to generate a . plurality of pilot sequences
for a plurality of transmit antennas, each pilot
sequence comprising a plurality of pilot symbols sent
in time domain on different s t of subcarriers, and to
generate a plurality of pilot transmissions based on
the plurality of pilot s enc ; a a memory coupled to
the at least one processor. 2. The apparatus of claim
1 wherein the at least one processor generates the
plurality of pilot sequences based on a Ch sequence.
3. T apparatus of claim wherein the at least one
processor generates the plurality of pilot sequences
based on a Chu sequence defined by a
transmitterspecific value. 4. The apparatus of claim I
wherein the at least one processor generates the
plurality of pilot sequences based on a CAZAC
(constant amplitude ero auto correlation) sequence or
a pseudo-random number (PN) sequence. 5. The apparatus
of claim 1 wherein the at least one processor
generates an extended base sequence by replicating a
base sequence a plurality of ti.mes a generates the
plurality of pilot sequences by applying a plurality
of different phase ra ps to the extended base
sequence. 6. The apparatus of claim 1 wherein the at
least one processor generates a. time-domain base
sequence comprising a plurality of time-domain
symbols, transforms the time-domain base sequence to
obtain a frequency-domain base sequence comprising a
plurality of transformed symbols, maps th plurality of
transformed symbols to a plurality of sets of
subcaniers for the plurality of transmit antennas, one
set of subcarriers for each transmit antenna, and
generates a pilot sequence for each transmit antenna
based transformed symbols on a set of subear pers- for
the transmit a&tetma.7. A method comprising;
generating a plurality of pilot sequences for a
plurality of transmit antennas, each pilot sequence
comprising a plurality of pilot symbols sent in time
domain on a different set of subcarriers; and
generating plurality of pilot transmissions based on
the plurality of pilot sequences. 8 The method of
claim 7, wherein the generating the plurality of pilot
sequences compri ses generating the plurality of pilot
sequences based on a Chu sequence, a CAZAC (constant
amplitude zero auto-correlation) sequence, or a
pseudo-random number (PN) sequence. 9. The method of
claim 7, wherein the generating the plurality of pilot
sequences comprises generating a extended base
sequence by replicating a base sequence a plurality of
t me and generating the plurality of pilot sequences
by applying a plurality of different phase ramps to
the extended base sequence. 10. A apparatus
comprising; at least one processor to receive a
plurality of pilot transmissions via a plurality of
receive antennas, each pilot transmission comprising a
plurality of pilot symbols sent in time domain on a
different set of subcatriers, and to process the
plurality of received pilot transmissions to obtain
channel estimates; and a memory coupled to the at
least one processor, 11. The apparatus of claim 10,
wherein the at least one processor obtains received
symbols based on the plurality of received pilot
transmissions, obtains a plurality of pilot sequences
for a plurality of transmit antennas, and derives the
channel estimates based on the received symbols and
the plurality of pilot sequences.12. The apparatus of
claim 1I wherein for each received pilot transmission
the at least one processor obtains a plurality of sets
of received symbols for a plurality 



of sets of subcapiers based on the received pilot
transmission, scales each set of received symbols
based on a corresponding pilot sequence to obtain a
set. of scaled symbols, and. derives channel estimates
for each transmit antenna based on a corresponding set
of scaled symbols, 13. The apparatus of claim 10,
wherein for each received pilot transmission the at
least one processor derives a plurality of channel
impulse respo e estimates for a plurality of transmit
antennas based o the received pilot transmission, and
derives channel gain estimates for the plurality of
transmit antennas based on the plurality of channel
impulse response estimates. 14. The apparatus of claim
13, wherein the at least one processor performs
thresholding on each channel impulse response estimate
to ero out channel taps with magnitude below a
threshold, and derives channel gain estimates r each
transmit antenna based on a corresponding channel
impulse response estimate after thresholding. 15. A
method comprising; receiving a plurality of pilot
transmissions via a lur y of receive antennas each
pilot transmission comprising a plurality of pilot
symbols sent in time domain on a different set of
subcarriers; and processing the plurality of received
pilot transmissions to obtain channel estimates. 16.
The method of claim 15, wherein the processing the
plurality of received pilot transmissions comprises
obtaining received symbols based on the plurality of
received pilot transmissions, obtaining a plurality of
pilot sequences for a plurality of transmit antennas,
and deriving the channel estimates based on the
received symbols and the plurality of pilot
sequences.17. The method of claim 15, wherein the
processing the plurality of received pilot
transmissions comprises, for each received pilot
transmission, deriving a plurality of channel impulse
response estimates for a plurality of transmit
antennas based on the received pilot transmission, and
deriving channel gain estimates for e plurality of tra
smit antennas based o the plurality of channel impulse
response estimates. 18. Ati apparatus comprising: at
least one processor to generate a plurality of pilot
sequences for a plurality of transmit antennas based
on frequency-domain code division multiplexing
(FD-CDM) of a Chu sequence defined by a
transmitter-specific value, and to generate plurality
of pilot transmissions based on the plurality of pilot
sequences; and memory coupled to the at least one
processor, 19. The apparatus of claim IS, wherein the
at least one processor generates the Chu sequence with
the transmitter-specific value, and generates the
plurality of pilot sequences based on the Chu
sequence. 20. The apparatus of claim 19, wherein the
at least one processor generates the Chu sequence as
follows: c(n) - e where e(n) is the Chu sequence N is
length of the Chu sequence, l  the-
transmitterspecific value and Is time index. 2 1. The
apparatus of claim 19 wherein the at l t one processor
generates each of the plurality of pilot sequences
based on a different cyclic shift of the Chu sequence.
22. The apparatus of claim IS, wherein the at least
one processor generates a frequency-domain base
sequence based on the Chu sequence, multiplies the
frequencydomain base u c with plurality of orthogonal
sequences to obtain a plurality ofintermediate
sequences, d generates the plurality of pilot
sequences based on the plurality of intermediate
sequences, 23. The apparatus of claim 18, wherein the
plurality of pilot transmissions are sent o downlink,
and wherein neighboring base stations are sig ed
different transmitter-specific values. 24. The
apparatus of claim IS, wherein the plurality of pilot
transmissions are sent on uplink, and wherein
different terminals are assigned different
transmitterspecific values. 25. A method comprising:
generating a plurality of pilot sequences for a
plurality of transmit antennas based on
frequency-domain code division multiplexing (FD-CDM)
of a Cbu sequence defined by a transmitter- specific
value; and generating a plurality of pilot
transmissions based on the plurality of pilot
sequences. 26. The method of claim 25, w r i the
generating the plurality of pilot sequences comprises
generating the Chu sequence with the
transmitter-specific value, and generating the
plurality of pilot sequences based on the Chu
sequence. 27. The method of claim 25 wherein the
generating the plurality of pilot sequences comprises
generating each of the plurality of pilot sequences
based on different cyclic shift of the Chu sequence.
28. An apparatus comprising: means for generating a
plurality of pilot sequences for a plurality of
transmit anaemias based o frequency-domain code
division multiplexing (FD-CDM) of a Chu sequence
defined by a transmitter-specific value; andmeans for
generating a . plurality of pilot transmissions based
on the plurality of pilot sequences. 2 . The apparatus
of claim 28, wherein the means for generating the
plurality of pilot sequences comprises means for
generating the Chu sequence with the
transmitter-specific value, and means for generating
the plurality of pilot sequences b ed on the Chu
sequence 30. The apparatus of claim 28 wherein the
means for generating the plurality of pilot sequences
comprises means for generating each of the plurality
of pilot sequences based on a different cyclic shift
of tlie Chu sequence. 



3 i . An apparatus comprising: at least one processor
to receive, via a plurality of receive antennas, a
plurality of pilot transmissions generated based on
frequency-domain code division multiplexing (FD-CDM)
of a Chu sequence defined by a transmitter-specific
value, n to process the plurality of received pilot
panstni sions to obtain channel estimates; and a
memory coupled to the at least one processor, 32. The
apparatus of claim 31. wherein for each received pilot
transmission the at least one processor obtains
received symbols based o the received pilot
transmission and derives channel estimates for a
plurality of transmit antennas based on the received
symbols. 33. The apparatus of claim 32, wherein for
each received pilot transmission the at least one
processor derives a plurality of channel taps
comprising a plurality of non-overlapping sets of
channel taps based on the received symbols, and
provides each of the plurality of non-overlapping sets
of channel taps as a channel i l e response estimate
for a different one of the plurality of transmit
antennas. 34. The apparatus of claim 32 wherein for
each received pilot transmission the at least one
processor multiplies the received symbols i th a
plurality of orthogonalsequences to obtain a plurality
of sets of symbols for the plurality of transmit
antennas, n derives channel stim t s for each transmit
t a based on a corresponding set of symbols. 35. The
apparatus of claim 3L wherein for c received pilot
transmission the a.t least one processor obtains
received symbols based on the received pilot
transmission, scales the received symbols based on a
plurality of pilot sequences determined based o the
Chu sequence to obtain plurality of sets of scaled
symbols, and derives channel estimates for a plurality
of transmit antennas based o the plurality of sets of
scaled symbols. 36. The apparatus of claim 3 wherein
the plurality of received pilot transmissions are
obtained via downlink, and wherein neighboring base
stations are assigned different transmitter-specific
values. 37. The apparatus of claim 3 wherein the
plurality of received pilot transmissions are obtained
via uplink, and wherein different terminals are
assigned different transmitter-specific values. 38.
The apparatus of ciaira 3 wherein the plurality of
received pilot transmissions are obtained via uplink,
d wherein different terminals are assigned a common
transmilter-specitic value and different cyclic shifts
of a pilot sequence generated by FD-CDM of the Chu
sequence defined by the common transmitter-specific
value. 39. A method comprising: receiving, via a
plurality of receive antennas, a plurality of pilot
transmissions generated based on frequency-domain code
division multiplexing (FD-CDM) of a Ch" sequence
defined by a transmitter-specific value; a d
processing the plurality of received pilot
transmissions to obtain channel ti at s40. The method
of claim 39, wherein the processing the plurality of
received pilot transmissions comprises, for each
received pilot transmission, obtaining received
symbols based on the received pilot transmission,
deriving a plurality of channel taps comprising a
plurality of non-overlapping sets of channel taps
based o the received symbols, and providing each of
the plurality of non-overlapping s ts of channel taps
s channel impulse response estimate for a different
one of a plurality of transmit antennas. 4 1. The
method of claim 39, wherein the processing the
plurality of received pilot transmissions comprises,
for each received pilot transmission, obtaining
received symbols based on the received pilot
transmission, scaling the received symbols based on a
plurality of pilot sequences determined based on the C
u sequence to obtain a plurality of sets of scaled
symbols, and deriving channel estimates for a
plurality of transmit antennas based on the plurality
of sets of scaled symbols. 42. An apparatus
comprising: means for receiving, via. a plurality of
receive antennas, a plurality of pilot transmissions
generated based on frequency-domain code division
multiplexing (FDCDM) of a Chu sequence defined by a
transmitter-specific value; and means for processing
the plurality of received pilot transmissions to
obtain channel estimates. 43. The apparatus of claim
42, wherein the means for processing the plurality of
received pilot transmissions comprises, for each
received pilot transmission, means for obtaining
received symbols based on the received pilot
transmission, ea for deriving a plurality of channel
taps comprising a plurality of nonoverlapping sets of
channel taps based on the received symbols, and means
for providing each of the plurality of non-overlapping
sets of channel taps as a channel impulse response
estimate for a different one of a plurality of
transmit antennas.AA. The apparatus of claim 42
wherein th mesas for processing the plurality of
received pilot transmissions comprises, for each
received pilot transmission, means for obtaining
received symbols based on the received pilot
transmission, means for scaling the received symbols
based on a plurality of pilot sequences determined
based on the Chu sequence to obtain a plurality of
sets of scaled symbols, and ea for deriving channel
sti ates for a plurality of t a smit a t nn based o
the plurality of sets of scaled symbols. 45. An
apparatus comprising: at least one processor to
generate a plurality of pilot transmissions for a
plurality of transmit antennas based on. a first
multiplexing scheme, and to generate a plurality of
data transmissions for the plurality of transmit
antennas based on second multiplexing scheme different
from the first multiplexing scheme; and a memory
coupled to the at least one processor. 46. The
apparatus of claim 45, wherein the first multiplexing
scheme is orthogonal frequency division multiplexing
(OFDM) and the second multiplexing scheme is
single-carrier frequency division multiplexing
(SC-FDM) or code division 



multiplexing (CDM). 47. T e apparatus of claim 45
wherein the .fi r s t multiplexing scheme is
single-carrier frequency division multiplexing
(SC-KDM) and the second multiplexing scheme is
orthogonal frequency division multiplexing (QFDM) or
code division multiplexing (CDM), 48. The apparatus of
claim 45,, wherein the first multiplexing scheme is
frequency-domain code division multiplexing (FD-CDM)
and the second multiplexing scheme is orthogonal
frequency division multiplexing (OFDM) or
single-carrier frequency division multiplexing
(SC-FDM).49. The apparatus of claim 45, wherein the
.first multiplexing scheme i interleaved frequency
division multiplexing (IFDM) and the second
multiplexing scheme is localized frequency division
multiplexing (LFDM). 50. The apparatus of claim 45,
wherein the at least one processor sends the plurality
of pilot transmissions Ln a first time interval and.
sends the plurality of data transmissions in a second
time interval with time division multiplexing (TDM).
51. The apparatus of claim 45, wherein the at. least o
processor sends the plurality of pilot transmissions
on a first set of subcarriers and sends the plurality
of data transmissions on a second set of subcarriers
with frequency division multiplexing (FDM). 52. A
method comprising: generating a plurality of pilot
transmissions for a plurality of transmit antennas
based on a first multiplexing scheme; and generating a
plurality of data transmissions for the plurality of
transmit antennas based o a . second multiplexing
scheme different from the first multiplexing scheme.
53 . The method of claim 52 further comprising:
sending the plurality of pilot transmissions in a
first time interval.; and sending the plurality of
data transmissions in a second lime interval with time
division multiplexing (TDM). 54. An apparatus
comprising: at least one processor to receive a
plurality of pilot transmissions generated based o a
first multiplexing scheme, and to receive a plurality
of data transmissions generated based on a second
multiplexing scheme different from the first
multiplexing scheme, the plurality of pilot
transmissions and the plurality of data transmissions
being for a multiple-input multiple-output (IVlIMO)
transmission sent from a plurality of transmit
antennas to a plurality of receive antennas; and a
memory coupled to the at least one processor.55. The
apparatus of claim 5 wherein the at least o processor
derives channel estimates for the plurality of
transmit antennas and trie plurality of receive
antennas based on the plurality of received pilot
transmissions, and performs data detection for the
plurality of received data transmissions based on the
channel estimates, 56. A method comprising: receiving
a plurality of pilot transmissions generated based on
a first multiplexing scheme; and receiving a plurality
of data transmissions generated based on second
multiplexing scheme different from the first
multiplexing scheme, the plurality of pilot
transmissions and the plurality of data transmissions
being for a multiple-input multipleoutput (IVIIMO)
transmission sent from a plurality of transmit
antennas to a plurality of receive antennas. 57. The
method of claim 5 further comprising: deriving channel
estimates for the plurality of transmit antennas and
the plurality of receive antennas based on the
plurality of received pilot transmissions; and
performing data detection for the plurality of
received data transmissions based o the channel
estimates. 


