
METHODS FOR TREATING HEPATITIS C CROSS REFERENCE TO
RELATED APPLICATION This application claims the
benefit of U.S. Provisional Application No.
60/587,487, filed July 14, 2004, U.S. Provisional
Application No. 60/634,979, filed December 13, 2004,
U.S. Provisional Application No. 60/645,586, filed
January 24, 2005, U.S. Provisional Application No.
60/665,349, filed March 28, 2005, and U.S. Provisional
Application No. 60/675,440, filed April 28, 2005, all
of which applications are incorporated herein by
reference in their entireties. This application also
claims priority to International Application having
the title "Methods for Treating Hepatitis C", attorney
docket number 19025.037, filed July 14, 2005, which
application is herein incorporated by reference in its
entirety. FIELD OF THE INVENTION The present invention
relates to methods for treating Hepatitis C using
Indole compounds that modify translational control of
Hepatitis C virus. BACKGROUND OF THE INVENTION An
estimated 170 million people worldwide are reported to
be infected with hepatitis C virus (HCV), the
causative agent of hepatitis C. Seventy to eighty
percent of HCV infections lead to chronic liver
infection, which in turn may result in severe liver
disease, including liver fibrosis, cirrhosis, and
hepatocellular carcinoma (115). HCV constitutes the
Hepacivirus genus of the family Flaviviridae (106),
and contains a positive-stranded 9.6 kb RNA genome.
The features of the HCV genome include a
5'-untranslated region (UTR) that encodes an internal
ribosome entry site (IRES) that directs the
translation of a single long open reading frame (ORF)
encoding a polyprotein of 3,010 amino acids. The HCV
ORP is followed by a 3'-UTR of variable length,
depending on the HCV variant, that encodes the
sequences required for the initiation of antigenomic
strand synthesis (79). The HCV IRES and 3'-UTR both
encode regions of RNA structures that are required for
genome translation and replication. The HCV
polyprotein is posttranslationally processed into at
least 10 mature viral proteins, including
thestructural proteins core (putative nucleocapsid),
El and E2 and the nonstructural (NS) proteins NS2 to
NS5B. Three distinct elements have been shown to be
involved in HCV IRES-mediated translation: (1)
integrity of the global structure of HCV IRES, (2) the
3'-terminal region of the HCV genome; and (3)
trar-acting cellular factors that interact with the
HCV IRES element and assist in translation initiation
(35). The initiation of protein synthesis in
eukaryotic cells predominantly follows the 5'
cap-dependent, first AUG rule (61). However, an
increasing number of viral (6, 12, 28, 31a, 50, 95,
97, 98, 105, 128) and cellular mRNAs (18, 39, 45, 78,
91, 130) have been shown to use an IRES element to
direct translation initiation. In 1992, an IRES
element was reported in the 5' UTR of the HCV RNA
genome (129), indicating that synthesis of the viral
protein is initiated in a cap-independent fashion. A
bicistronic expression system can be used to define
and evaluate the function of IRES elements. This test
system harbors two different reporter genes in which
the 5'- proximal reporter gene is expressed by a cap
dependent translation mechanism while the second
reporter is expressed only if an upstream sequence
inserted in the intergenic space contains an IRES
sequence element. Using this system, a putative IRES
in the HCV 5' UTR was unambiguously demonstrated to
function as an IRES involved in translational control
of viral proteins (133). In vitro translation, RNA
transfection, and mutagenesis studies provided further
evidence that the HCV 5' UTR contains an IRES element
(23, 41, 42, 108, 129, 132, 133, 134). Both in vitro
and cell-based studies demonstrated that the HCV IRES
guides cellular translation initiation factors to an
internal site of the viral RNA (56, 58, 120), thus
functionally demonstrating the HCV IRES activity.
Taken together, these results demonstrate that the HCV
5'-UTR contains an IRES element that plays an active
and crucial role in the mechanism of internal
initiation for HCV protein translation. The IRES is
one of the most conserved regions of the HCV genome,
reflecting its essential nature for viral replication
and protein synthesis (13, 118, 122). Although both 5'
and 3' sequences of the IRES appear to play a role in
the control of initiation of translation (42, 109,
110, 113, 136), the minimal sequence requirement for
HCV IRES function has been mapped to a region between
nucleotides 44-354 (40).Biochemical probing and
computer modeling indicate that the HCV IRES and its
5' sequence is folded into a distinct structure that
consists of four major domains and a pseudoknot (11,
42, 122). Domain I contains a small stem-loop
structure that does not appear to be a functional part
of the IRES element while domains II, III, and IV
contain the HCV IRES activity (43, 111). The
relationships between secondary and tertiary
structures of the HCV IRES and their function have
recently been established (5, 55, 56, 99, 124). Both
domains II and III consist of multiple stems, loops,
and bulges and are important for IRES activity (23,
40, 51, 52, 54, 56, 64, 74, 75, 93, 107, 108, 110,
124, 127, 131, 139). Domain II can induce
conformational changes on the ribosome that have been
implicated in the decoding process (124). Domain III
has the highest degree of structural conservation
among the different HCV strains. It comprises the core
of the flavivirus IRES and has 6 subdomains (40).
Various studies have shown that subdomain IHd forms
complex secondary/tertiary structures and is critical
for initiation activity (55, 56, 57, 124, 129). Domain
IV has one stem-loop that spans the initiation codon
and is specific for the HCV IRES (41, 122), but the
precise role of domain IV in IRES activity remains
controversial (41, 112). The role of the HCV IRES is
to position the translational machinery near an
internal initiator codon in the viral mRNA. The
translation initiation mechanism of the HCV IRES
differs significantly from that of 5'-cap-dependent
translation initiation (7, 21, 31, 35, 81, 96, 114,
123). Most cellular capped mRNAs utilize a number of
initiation factors (elFs) that are required for the
translation initiation process. The initial steps of
the process require proteins that interact with the 5'
cap structure and recruit the 4OS ribosomal subunit to
the cap-proximal region of mRNA. This complex then
scans 3' of the cap, until reaching an AUG codon at
which translation will initiate (21, 114). However, in
the case of HCV, the IRES functionally replaces the 5'
cap structure, allowing the 4OS ribosomal subunit and
eIF3 to bind directly to the RNA. Subdomain Hid of the
HCV IRES harbors the binding site for the 4OS
ribosomal subunit and the only initiation factors
required for translation initiation are eIF2, eIF3,
and eIF4E (15, 58, 94, 100, 120, 124). The
polypyrimidine track-binding protein (PTB) and La
autoantigen are noncanonical translation initiation
factors that bind to and enhance HCV IRES activity(1,
2, 3, 4, 5, 30, 48, 49, 53). PTB, a 57-kDa protein
involved in RNA splicing, is also necessary for
efficient IRES-mediated translation initiation of
picornavirus mRNA, and some cellular mRNAs (10, 11,
36, 53, 59, 89, 92). The La autoantigen, a 52 kDa
doublestranded RNA unwinding protein, also increases
the activity of poliovirus and cellular IRESs (38, 85,
86). Other cellular factors involved in HCV
IRES-mediated translation initiation include
proteasome a-subunit PSMA7 (62), ribosomal protein S5
(26), ribosomal protein S9 (24, 25, 100), and hnRNPL
(33). However, the role of these RNAbinding proteins
in HCV IRES-mediated initiation of translation is
unclear. Recently, it was reported that the activity
of interferon (IFN) aagainst HCV replication might
target HCV IRES-mediated translation initiation by
causing a reduction of La protein levels (117). Thus,
an inhibitor that blocks interaction between the IRES
and the noncanonical factors might efficiently inhibit
HCV replication and lack cytotoxicity. Currently, only
interferon (IFN) aand the nucleoside analogue
ribavirin, in 



combination, are marketed for the treatment of HCV
infection. However, these two agents are
immunomodulators and have limited efficacy, relatively
high toxicity, and high cost (80, 83, 84, 138).
Although the treatment outcome is variable among the
six major HCV genotypes, only about one-half of all
treated patients respond to therapy, suggesting that
the virus encodes protein products that may directly
or indirectly attenuate the antiviral action of IFN.
IFNs are naturally produced in response to virus
infection, and cellular exposure to IFN leads to the
induced expression of a variety of IFN-stimulated
genes (ISGs), many of which have an antiviral
function. ISG action can limit virus replication at
multiple points within the replicative cycle. There
remains a need for a more effective means of treating
patients afflicted with HCV. Specifically, a need
exists for novel antiviral drugs that have no
cross-resistance with existing treatment modalities,
and which demonstrate synergy with other anti-HCV
agents. The applicants set out to identify drug
candidates that inhibit HCV infection and were
successful in identifying Indole compounds that are
useful as anti-HCV agents. Without being limited to
one theory, it is believed that the compounds of the
present invention inhibit IRES-mediated initiation,
elongation, and termination, i.e. translation. The
compounds of the present invention are also useful for
inhibiting translation of other cap-independent
viruses that contain an IRES element. Such viruses
includethose of the picornavirus genus, such as
poliovirus, hepatitis A virus and rhinovirus; those of
the coronavirus genus, such as SARS; those of the
arbovirus genus; those of the flavivirus genus, such
as yellow fever, dengue, and West Nile virus,
herpesviruses, such as herpes simplex virus and
Kaposi's sarcoma-associated herpesvirus, or any other
virus with a similar mode of replication. Furthermore,
compounds of the invention are also useful for
inhibiting HIV or any other virus with a similar mode
of translation. All documents referred to herein are
incorporated by reference into the present application
as though fully set forth herein. SUMMARY OF THE
INVENTION In accordance with the present invention,
compounds that can inhibit HCV replication have been
identified. Also in accordance with the present
invention, compounds that can inhibit HCV infection
have been identified, and methods for their use
provided. In one aspect of the invention, compounds of
Formula (I) are provided which are useful in the
prevention and/or treatment of HCV infection. Without
being limited to one theory, it is believed that the
compounds of the present invention inhibit
IRES-mediated initation, elongation and termination,
i.e., translation. The compounds of Formula (I) may
also be useful for inhibiting and/or treating other
viral infections where the virus contains an IRES
element. Such viruses include those of the
picornavirus genus, such as by way of non-limiting
example poliovirus, hepatitis A virus and rhinovirus;
those of the coronaviridae genus, such as by way of
non-limiting example SARS; those of the arbovirus
genus; those of the flavivirus genus, such as by way
of non-limiting example yellow fever, dengue, and West
Nile virus; herpesviruses, such as by way of
non-limiting example herpes simplex virus and Kaposi's
sarcoma-associated herpesvirus, or any other virus
with a similar mode of replication. Furthermore,
compounds of the invention are also useful for
inhibiting HIV, or any other virus with a similar mode
of translation. In another aspect of the invention,
methods are provided for the prevention and/or
treatment of HCV infection. In yet another aspect of
the invention, pharmaceutical compositions comprising
the compounds of the invention for the prevention
and/or treatment of HCV infection are provided.In one
embodiment, the invention is directed to methods for
inhibiting HCV IRES-mediated initiation and
translation comprising administering an amount of one
or more compound of the invention, effective for
inhibiting IRES-mediated initiation and translation,
to a subject in need thereof. CERTAIN EMBODIMENTS
Embodiment 1. A pharmaceutical composition for the
prevention or treatment of Hepatitis C viral (HCV)
infection comprising a therapeutically effective
amount of at least one compound having the following
formula: wherein: X is: -hydrogen; -a nitro group; -a
cyano group; -a -COR group, where Ra is: -a C1 to C6
alkyl, -a C6 to C aryl optionally substituted with an
alkoxy or a halogen, or -a dialkyl-amino; -a -COORx
group, where Rx is a C1 to C6 alkyl; -a formyl group;
-a C6 to C8 aryl optionally substituted with an
alkoxy; or -a 5 or 6-membered heteroaryl optionally
substituted with: -a C1 to C6 alkyl, -a C6 to C aryl
optionally substituted with an alkoxy or one or more
halogens, or-a 5 to 6 membered heteroaryl; Y is: -a
hydrogen; -a haloalkyl; -a halogen; -an amino
optionally substituted with one or more C1 to C6
alkyls; -a benzofuran; -a benzothiophene; -a
dibenzofuran; -a dibenzothiophene; -a benzothiazole;
-a naphthalene; -an indole, optionally substituted on
the nitrogen with a C1 to C6 alkyl; where Rb is a
hydrogen or a C1 to C alkyl, and n is 0 or 1;where R
is a hydrogen, a -CONHRx, where Rx is as defined
above, or an -SO2Rx, where Rx is as defined above; or
where Rd is a C1 to C6 alkyl or a C6 to C aryl; -a
-NHCORe group, where Re is: -a C1 to C6 alkyl; -a C6
to C8 aryl optionally substituted with: -a C1 to C6
alkyl, -an alkoxy, -a cyano group, -a nitro group, or
-a halogen; -a -NHCOORx group, where Rx is as defined
above; -a -CH2O-Rf group, where Rf is a C6 to C8 aryl;
-a -NRgRh group, where Rg is a C1 to C6 alkyl or a
hydrogen and Rh is a C6 to C8 aryl optionally
substituted with an alkoxy; -a C1 to C6 alkyl; -a 5 or
6 membered heteroaryl, optionally substituted with: -a
C1 to C6 alkyl, optionally substituted with a C6 to C
aryl, -a C6 to C8 aryl, optionally substituted with
-COORx, where Rx is as defined 



above, or -an amino group; -a 5 or 6 membered
heterocycle optionally substituted with: -a -COORx
group, where Rx is as defined above, or-a -NHCOORx
group, where Rx is as defined above; -a C6 to C8 aryl,
optionally substituted with one or more of the
following: -an alkoxy, optionally substituted with:
-an alkoxy, -a hydroxy, -one or more halogens, -a 5 or
6 membered heterocycle, optionally substituted with:
-a C1 to C6 alkyl, or -a hydroxy, -an amino group
optionally substituted with one or more C1 to C6
alkyls, -a -NRiSO2Rx group, where Rx is as defined
above and R is: -a hydrogen, -a C1 to C6 alkyl, -a
-CORx group, where Rx is as defined above, -a
haloalkyl, or -a haloalkoxy, -a -NRjCORk group, where
Rk is: -a C1 to C6 alkyl, -a hydrogen, or -an amino
optionally substituted with one or more C1 to C6
alkyls, and Rj is: -a hydrogen, -a C1 to C6 alkyl, - a
-CORx group, where Rx is as defined above, -a
haloalkyl, or -a haloalkoxy, -a -N=N+=N group, or -a
-CORi, where Ri is a 5 or 6 membered heterocycle
optionally substituted with a hydroxy, -an amino
optionally substituted with one or more C1 to C6
alkyls, -a nitro group,-a C1 to C6 alkyl group,
optionally substituted with: -a -NHSO2Rx group, where
Rx is as defined above, or -a -NRxSO2Rx group, where
Rx is as defined above, -a haloalkoxy, -a halogen, -a
hydroxy, -a -COORx group, where Rx is as defined
above, -a -C0R m group, where Rm is: -an amino
optionally substituted with one or more C1 to C6
alkyls, where the C1 to C6 alkyls are optionally
substituted with: -a hydroxy -a 5 or 6 membered
heterocycle, -an amino optionally substituted with one
or more C1 to C6 alkyls, -an alkoxy, -a 3 to 7
membered heterocycle, optionally substituted with a C1
to C6 alkyl, optionally substituted with a
dialkyl-amino, -a -NHRn group, where Rn is: -a
-CH2CONH2, or -a C to C8 aryl optionally substituted
with: -an alkyl, -one or more halogens, -a nitro
group, or -one or more alkoxys, -a -NR0CORp group,
where Rp is: -a C1 to C6 alkyl optionally substituted
with: -a halogen, -an alkoxy, or -a C6 to C aryl, -a 5
or 6 membered heterocycle, -a C6 to C aryl, optionally
substituted with a halogen,-a 5 or 6 membered
heteroaryl optionally substituted with one or more C1
to C alkyls, -a hydrogen, and where R0 is: -a
hydrogen, -a C1 to C6 alkyl, -a -CORx group, where Rx
is as defined above, -a haloalkyl, or -a haloalkoxy,
-a -NRqCONRqRr group, where Rq is: -a hydrogen, -a C1
to C6 alkyl, -a haloalkyl, -a haloalkoxy, or -a -CORx
group, where Rx is as defined above, and where Rr is:
-a C6 to C8 aryl optionally substituted with: -a C1 to
C6 alkyl, -a haloalkyl, -a -OR group, where R is a C6
to C aryl, or -a -COORx group, where Rx is as defined
above,-a C1 to C6 alkyl optionally substituted with
one or more of the following: -a halogen, -an
alkylene, -a C6 to C8 aryl, or -a -COORx group, where
Rx is as defined above, -a -COORx group, where Rx is
as defined above, -a -NRtCOORu group, where R11 is: -a
C1 to C12 alkyl, optionally substituted with: -a C6 to
C aryl optionally substituted with a C1 to C6 alkyl or
an alkoxy, -an alkylene, -an alkoxy, -an alkyne, -a
halogen, or -a 5 or 6 membered heterocycle, -a C6 to
C8 aryl, optionally substituted with: -an alkoxy, -a
halogen, or 



-a C1 to C6 alkyl, or -a 5 or 6 membered heterocycle,
and Rt is: -a hydrogen, -a C1 to C6 alkyl, -a -CORx
group, where Rx is as defined above, -a haloalkyl, or
-a haloalkoxy, -a -NRVSO2RWgroup, where Rv is: -a
hydrogen, -a -CORx, where Rx is as defined above, or
-a C1 to C6 alkyl, optionally substituted with: -a
halogen,-a -CORx group, where Rx is as defined above,
-a -OCORx group, where Rx is as defined above, -a
hydroxyl, -a hydroxyl, or -an alkoxy, and where Rw is:
-a C1 to C6 alkyl optionally substituted with: -a
halogen, -a haloalkyl, -a C6 to C8 aryl, or -a 5 or 6
membered heterocycle, -a C2 to C6 alkylene, -an alkyl-
or dialkyl-amino optionally substituted with a
halogen, -a 5 or 6 membered heterocycle, or -a 5 or 6
membered heteroaryl optionally substituted with: -a C1
to C6 alkyl, -a 5 or 6 membered heterocycle,
oroptionally substituted with a C1 to C6 alkyl, where
Ry is a C1 to C6 alkyl or hydrogen, where Rz is
hydrogen or a C1 to C6 alkyl, optionally substituted
with a C6 to C aryl, -a -SRx group, where Rx is as
defined above, -a -SO2Raa group, where Raa is: -a C1
to C6 alkyl, -an amino group, -an alkyl- or
dialkyl-amino group optionally substituted with a
hydroxy or a -COORx group, where Rx is as defined
above,-a 5 or 6 membered heteroaryl, -a C to C aryl,
or -a -NHRbb group, where Rbb is: -a -C(=S)NH 2 group,
or -a -PO(ORx) where Rx is as defined above; -a *
group, where R C is: -a naphthalene, -a 5 or 6
membered heteroaryl, -a C to C aryl, optionally
substituted with one or more of the following: -an
alkoxy, -an hydroxy, -a halogen, -a C1 to C6 alkyl,
optionally substituted with a cyano group, -an amino
optionally substituted with one or more C1 to C
alkyls, -a -NHPORxRx, where Rx is as defined above, -a
-NReeCONRffRffgroup, where Ree is a hydrogen or a C1
to C alkyl, optionally substituted with a halogen, and
R is: -a hydrogen, -a haloalkyl,-a haloalkoxy, -a C1
to C alkyl, or -a -CORx, where Rx is as defined above,
-a -NRggCORhh group, where Rhh is: -a hydrogen, -a C1
to C6 alkyl optionally substituted with: -an alkoxy,
-a halogen, or -an amino optionally substituted with
one or more C1 to C6 alkyls, -an amino optionally
substituted with one or more C1 to C6 alkyls, where
the alkyls are optionally substituted with a halogen,
-a 5 or 6 membered heterocycle, -a 5 or 6 membered
heteroaryl, and Rgg is: -a hydrogen, -a C1 to C 6
alkyl, -a haloalkyl, -a haloalkoxy, or -a -CORx group,
where Rx is as defined above, -a haloalkyl, -5 or 6
membered heterocycle groups, -an amino optionally
substituted with one or more C1 to C6 alkyls, -a
-NRUSO 2RX group, where Rx is as defined above, and R
Uis: -a hydrogen, -a C1 to C6 alkyl, -a haloalkyl, -a
haloalkoxy, -a -CORx group, where Rx is as defined
above; Z is: -a hydrogen;-a C1 to C6 alkyl optionally
substituted with: -an alkoxy, -one or more halogens,
or -a C6 to C8 aryl; -a C2 to C6 alkylene; -a C6 to C8
aryl optionally substituted with an alkoxy or one or
more C1 to C6 alkyls; -a -COORx group, where Rx is as
defined above; or R is a hydrogen, a halogen or an
alkoxy; R1 Is: -a hydrogen; -a hydroxy; -a halogen; -a
haloalkyl; -a nitro group; -a 5 or 6 membered
heteroaryl; -a 5 or 6 membered heterocycle; 



-an alkoxy optionally substituted with: -one or more
halogens, -a C6 to C8 aryl, or -a 5 or 6 membered
heterocycle; -a C6 to C aryl optionally substituted
with an alkoxy; -a -CORx group, where Rx is as defined
above; -a C1 to C6 alkyl optionally substituted with a
dialkyl-amino or a 5 or 6 membered heterocycle; or
R1joins together with R2 to form:R2 is: -a nitro
group; -a hydrogen; -a halogen; -a hydroxy group; -a
C1 to C6 alkyl group, optionally substituted with one
or more halogens; -an amino group; -an alkoxy group
optionally substituted with: -one or more halogens,
-an -OCORx group, where Rx is as defined above, -a
dialkyl-amino optionally substituted with an alkoxy,
-a 5 or 6 membered heterocycle group optionally
substituted with a C1 to C6 alkyl, -a 5 or 6 membered
heteroaryl group, or -a C6 to C8 aryl group; -a -COORx
group, where Rx is as defined above; -a haloalkyl; -an
amide group optionally substituted with: - a hydroxy
group, or -a C6 to C8 aryl; -a 5 or 6 membered
heteroaryl; -a -OCORx group, where Rx is as defined
above; -a -NHCORjj group, where Rjj is: -an alkoxy, or
-an amino optionally substituted with one or more Ci
to C alkyls; -a -OR k group, where Rkk is a 5 to 6
membered heteroaryl; -a -NHSO2Rx group, where Rx is as
defined above; orR2 joins together -with R1 to form:
R3 is: -a hydrogen; or -CH2OCORx, and Rx is as defined
above; or a pharmaceutically acceptable salt thereof,
a pharmaceutically acceptable excipient, and
optionally at least one additional anti-HCV agents.
Embodiment 2. The pharmaceutical composition of
Embodiment 1, wherein said optional at least one
additional anti-HCV agent is selected from the group
consisting of pegylated interferon, un-pegylated
interferon, ribavirin or prodrugs or derivatives
thereof, a glucosidase inhibitor, a protease
inhibitor, a polymerase inhibitor, p7 inhibitors, an
entry inhibitor, a fusion inhibitor, an anti-fibrotic,
a caspase inhibitor, a drug which targets inosine
monophosphate dehydrogenase inhibitors (IMPDH),
synthetic thymosin alpha 1, therapeutic vaccines,
immunomodulators, a glycosidase inhibitor, a helicase
inhibitor, a Toll-like receptor agonist, and
combinations thereof. Embodiment 3. The pharmaceutical
composition of Embodiment 1, wherein X is selected
from the group consisting of -hydrogen; -a cyano
group; and -a -COR group, where Ra is: -a C1 to C6
alkyl, or -a dialkyl-amino. Embodiment 4. The
pharmaceutical composition of Embodiment 1, wherein Y
is selected from the group consisting ofARYL- AND
HETEROARYL-SUBSTITUTED TETRAHYDROISOQUINOLINES AND USE
THEREOF TO BLOCK REUPTAKE OF NOREPINEPHRINE, DOPAMINE,
AND SEROTONIN [0001] This application claims the
benefit of U.S. Provisional Patent Application Serial
No. 60/588,448, filedM y 15, 2004, which is hereby
incorporated by reference in its entirety. FIELD OF
THE INVENTION [0002] The present invention relates to
novel 4-bicyclic carbocycle- and
heterocycle-substituted tetrahydroisoquinoline
derivative compounds, pharmaceutical compositions
comprising such compounds, methods of using such
compounds for the treatment of various neurological
and psychological disorders and for combination
therapy. BACKGROUND OF THE INVENTION [0003] It is well
known that the neurotransmitters, dopamine (DA),
norepinephrine (NE), and serotonin (5-HT), regulate a
number of biological processes and that decreased
levels of DA, NE, and 5-HT are associated with a
number of neurological disorders and their physical
manifestations. Significant effort has been expended
on devising methods for adjusting the levels of these
neurotransmitters in order to produce a desired
pharmacological effect. Preventing the reuptake of
these neurotransmitters in any combination of one,
two, or all three of them is likely to be effective in
treating these disorders. Targeting the dopamine
transporter (DAT), norepinephrine transporter (NET),
and the serotonin transporter (SERT) proteins has
proven to be an effective way of increasing the levels
of the respective monoamines. [0004] Methylphenidate,
which is currently used for the treatment of attention
deficit hyperactivity disorder (ADHD), is known to be
selective for inhibition of the DAT. U.S. Patent No.
5,444,070 discloses selective inhibitors of dopamine
reuptake as treatments for Parkinson's disease and
drug addiction or abuse including cocaine and
amphetamines.[0005] Selective norepinephrine reuptake
inhibitors (NARI) have also been disclosed. For
example, U.S. Patent No. 6,352,986 describes methods
of treating ADHD, addictive disorders, and
psychoactive substance use disorders with Reboxetine.
In addition, Atomoxetine (Strattera(r)) is currently
marketed as a selective NET reuptake inhibitor for
ADHD. [0006] The use of selective serotonin reuptake
inhibitors (SSRI) has also been shown to be effective
in treating depressive disorders. Sertraline,
Citalopram, and Paroxetine are well-known examples of
SSRIs used to treat disorders such as depression,
obsessive compulsive disorder, and panic attacks.
There are several known difficulties with the SSRI
class of therapeutics, including the slow onset of
action, unwanted side effects, and the existence of a
significant subset of the population that is not
responsive to SSRI therapy. [0007] Selective
inhibitors of DAT, NET, and SERT reuptake may also be
co administered with each other or with other drugs.
U.S. Patent No. 5,532,244 discloses the use of
serotonin reuptake inhibitors in combination with a
serotonin IA antagonist for the treatment of
obsessive-compulsive disorder, depression, and
obesity. The use of a serotonin or norepinephrine
reuptake inhibitor in combination with a neurokinin-1
receptor antagonist has been disclosed in U.S. Patent
No. 6,121,261 for the treatment of ADHD. U.S. Patent
No. 4,843,071 discloses the use of a norepinephrine
reuptake inhibitor in combination with a
norepinephrine precursor in the treatment of obesity,
drug abuse, or narcolepsy. U.S. Patent No. 6,596,1Al
discloses the use of a NE, DA, or 5-HT inhibitor with
either a neurokinin-1 receptor antagonist or a
serotonin- IA antagonist for the treatment of a wide
variety of 



conditions. [0008] Also advantageous is the use of
compounds that inhibit one or more of the
neurotransmitters at the same time. The antidepressant
qualities of the dual NET and SERT reuptake inhibitor
duloxetine is disclosed in European Patent No. 273658.
Venlafaxine is disclosed in U.S. Patent No. 4,535,186
as a reuptake inhibitor of both NE and 5-HT for the
treatment of depressive disorders. U.S. Patent No.
6,635,675 discloses the use of the dual NE and 5-HT
reuptake inhibitor milnacipran for the treatment of
chronic fatigue syndrome and fibromyalgia syndrome. In
addition, dual NE and 5-HT reuptake inhibitors are
disclosed in U.S. Patent No. 6,136,083 for the
treatment of depression. It is also recognized that
compounds which inhibit thereuptake of NE, DA, and
5-HT in varying ratios not specifically mentioned here
would also be advantageous. [0009] Treating illnesses
by inhibiting the reuptake of all three of the
monoamines, either through combination therapy or
"triple inhibitors," may have clinical benefit as
well. PCT International Publication Nos. WO 03/101453
and WO 97/30997 disclose a class of compounds which
are active against all three monoamine transporters.
The rationale for the inclusion of a
dopamine-enhancing component in antidepressant therapy
includes observed deficits in dopaminergic function,
the success of combination therapy with dopamine
agonists and traditional antidepressants, and an
increased sensitivity in dopamine receptors due to
chronic antidepressant administration (Skomick et al.,
Life Sciences 73:3175-3179 (2003)). As such,
inhibitory activity against DA reuptake, in addition
toNE and 5-HT reuptake, is expected to provide a more
rapid onset of antidepressant effect, compared to
other mixed inhibitors which are selective for NET and
SERT over DAT. In addition, PCT International
Publication No. WO 03/049736 discloses a series of 4-
substiruted piperidines, each of which displays
similar activity against DA, NE and 5- HT
transporters. Bicyclo[2.2.1]heptanes (Axford et al.,
BioorgMed Chem Lett 13:3277-3280 (2003)) and
azabicyclo[3.1.0]hexanes (Skolnick et al., EurJPharm,
461 :99-104 (2003)) are also described as triple
inhibitors of the three monoamine transporters. [0010]
U.S. Patent No. 3,947,456 discloses
tetrahydroisoquinolines which are said to have utility
as antidepressants. U.S. Patent No. 3,666,763
describes the use of phenyl tetrahydroisoquinoline
derivatives as antidepressants and antihypotensives.
Canadian Patent Application No. 2,015,1 14 discloses
the use of phenyl tetrahydroisoquinoline derivatives
as antidepressants; the compounds described therein
are apparently nonselective as to norepinephrine,
serotonin, and dopamine uptake. United Kingdom Patent
Application No. 2,271,566 discloses the use of phenyl
tetrahydroisoquinoline derivatives as anti-HIV agents.
PCT International Publication No. WO 98/40358
discloses the use of phenyl tetrahydroisoquinoline
derivatives to be useful in the treatment of disorders
of glucose metabolic pathways. PCT International
Publication No. WO 97/36876 discloses the use of
phenyl tetrahydroisoquinoline derivatives as
anticancer agents. PCT International Publication No.
WO 97/23458 also describes
4-phenyl-substitutedtetrahydroisoquinolines as NMDA
receptor ligands useful for conditions associated with
neuronal loss. Phenyl-substituted
tetrahydroisoquinolines are also described in
Mondeshka et al., IlFarmaco 49:475-481 (1994). [0011]
U.S. Patent No. 6,579,885 discloses the use of
7-aryl-substituted tetrahydroisoquinolines as being
useful for the treatment of disorders involving
decreased availability of serotonin, norepinephrine,
or dopamine. Tupper et al., J Heterocyclic Chem 33:1
123-1 129 (1996) describes the synthesis of
tetrahydroisoquinolines substituted with a 2- or
3-thienyl group in the 4 position as possible dopamine
D1 and D antagonists. Prat et al., J Heterocyclic Chem
31:161- 771 (2000) describes the synthesis of
N-methyl-4-pyridyl-l,2,3,4- tetrahydroisoquinolines,
as well as the 2-pyridyl and 3-pyridyl analogs, which
were designed as potential serotonin analogs, but no
activity was reported. Chandrasekhar et al.,
Tetrahedron Lett 43:1885-1888 (2002) described the
synthesis of -4-
benzo[l,3]dioxol-5-yl-2-benzyl-3-methyl-l,2,3,4-tetrah
ydroisoquinoline; however, neither usage nor activity
was reported. Lopez et al., Tetrahedron 50:9097-9106
(1994) described the synthesis of
2-(l,2,3,4-tetrahydroisoquinolin-4-yl)-quinolin-3-ol;
however, neither usage nor activity was reported. Uno
et al., J Heterocyclic Chem 38:341-346 (1991)
described the synthesis of 1-ethyl-
l'-pentafluoroethyl- 1,2,3,4-
tetrahydro-[4,4']bis(isoquinoline); however, neither
usage nor activity was reported. [0012] Nomifensine
(r), which is a 4-phenyl-substituted
tetrahydroisoquinoline derivative, is known to inhibit
the neuronal uptake of dopamine and other
catecholamines and has shown clinical efficacy for
ADHD. However, long term administration of Nomifensine
(r) resulted in fatal immune hemolytic anemia in a
very small number of patients causing the manufacturer
to discontinue this drug from the market. Thus, there
continues to remain a need to develop novel compounds
which treat ADHD but do not have the serious side
effects associated with Nomifensine(r) or the
currently prescribed psychostimulants. [0013] The
present invention is directed to achieving these
objectives. SUMMARY OF THE INVENTION [0014] The
compounds of the present invention are represented by
the chemical structure found in Formula (I):wherein:
the carbon atom designated is in the R or S
configuration; X is a fused bicyclic carbocycle or
heterocycle selected from the group consisting of
benzofuranyl, benzo[Z>]thiophenyl, benzoisothiazolyl,
benzoisoxazolyl, indazolyl, indolyl, isoindolyl,
indolizinyl, benzoimidazolyl, benzooxazolyl,
benzothiazolyl, benzotriazolyl, imidazo[l,2-
]pyridinyl, pyrazolo[l,5- a]pyridinyl,
[l,2,4]triazolo[4,3- jpyridinyl,
thieno[2,3-&]pyridinyl, thieno[3,2-6] ryridinyl,
lH-pyrrolo[2,3- ]pyridmyl, indenyl, indanyl,
dihydrobenzocycloheptenyl,
tetrahydrobenzocycloheptenyl, dihydrobenzothiophenyl,
dihydrobenzofuranyl, indolinyl, naphthyl,
tetrahydronaphthyl, quinolinyl, isoquinolinyl, 4
-quinolizinyl, 9 -quinolizinyl, quinazolinyl,
cinnolinyl, phthalazinyl, quinoxalinyl,
benzo[l,2,3]triazinyl, benzo[l,2,4]triazinyl, 2
-chromenyl, 4 -chromenyl, and a fused bicyclic
carbocycle or fused bicyclic heterocycle optionally
substituted with substituents ( 1 to 4 in number) as
defined below in R14 ; R1 is H5C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, each of which is optionally
substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: C1-C3 alkyl, halogen, aryl,
-CN, -OR 9, and -NR 9R10 ; R2 is H, C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, or C1-C6 haloalkyl, each of which is
optionally substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: C1-C3 alkyl, halogen, aryl,
-CN, -OR 9, and -NR 9R10 ; or R2 is gem-dimethyl;R3 is
H, halogen, -OR 11, -S(O) nR12, -CN, -C(O)R 12 ,
-C(O)NR 11R12, -NR 9R10, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, wherein each OfC 1- C6 alkyl, C2-C6
alkenyl, C2-C alkynyl, C3-C6 cycloalkyl, and C4- C7
cycloalkylalkyl is optionally substituted with from 1
to 3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, -CN, -OR 9,-NR 9R10, and phenyl, which
is optionally substituted 1 to 3 times with a
substituent selected from the group consisting of:
halogen, cyano, C1- C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxy, -CN, and -OR 9; 



R4 is H, halogen, -OR 11, -S(O) nR12, -CN, -C(O)R 12,
-C(O)NR 11R12, -NR 9R10 , C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C -C6 cycloalkyl, or C4-C7
cycloalkylalkyl, wherein each of the C1- C6 alkyl,
C2-C6 alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, and
C4-C7 cycloalkylalkyl is optionally substituted with
from 1 to 3 substituents independently selected at
each occurrence thereof from the group consisting of:
C1- C3 alkyl, halogen, -CN, -OR 9,-NR 9R10, and
phenyl, which is optionally substituted 1 to 3 times
with a substituent selected from the group consisting
of: halogen, cyano, C1-C4 alkyl, C1-C4 haloalkyl,
C1-C4 alkoxy, -CN, and -OR 9; or R4 is phenyl,
naphthyl, indenyl, pyridyl, pyrimidinyl, pyridazinyl,
pyrazinyl, [l,2,4]triazinyl, [l,3,5]triazinyl,
triazolyl, furanyl, thiophenyl, pyranyl, indazolyl,
benzimidazolyl, qumolinyl, quinazolinyl, quinoxalinyl,
phthalazinyl, cinnolinyl, isoquinolinyl, thienyl,
imidazolyl, thiazolyl, benzthiazolyl, purinyl,
isothiazolyl, indolyl, pyrrolyl, oxazolyl,
benzofuranyl, benzothienyl, benzthiazolyl, isoxazolyl,
pyrazolyl, oxadiazolyl, thiadiazolyl,
3-oxo-[l,2,4]triazolo[4,3- ]pyridinyl, imidazo[ 1,2-
]pyridinyl, pyrazolo[ 1,5-a]pyridinyl,
[1,2,4]triazolo[4,3- a]pyridinyl,
thieno[2,3~&]ryridinyl, tWeno[3,2-]pyridinyl, l
-pyrrolo[2,3-&]pyridinyl, or other heterocycles
optionally substituted with substituents ( 1 to 4 in
number) as defined below in R14 ; R5 and R6 are each
independently selected from the group consisting of:
H, halogen, -OR 1 1, -S(O) nR12, -CN, -C(O)R 12,
-C(O)NR 11R12, -NR 9R10, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl, wherein each of C1- C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, and phenyl is optionally substituted
with from 1 to 3 substituents independentlyselected at
each occurrence thereof from the group consisting of:
C1-C alkyl, halogen, -CN, -OR 9 -NR 9R10 , and phenyl,
which is optionally substituted 1 to 3 times with a
substituent selected from the group consisting of:
halogen, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4 alkoxy,
-CN, and -OR 9 R7 is H, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, wherein each OfC1 - C6 alkyl, C -C
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl is optionally substituted with from 1
to 3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, -CN, -OR 9,-NR9R10, and phenyl which
is optionally substituted 1 to 3 times with a
substituent selected from the group consisting of:
halogen, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4 alkoxy,
-CN, and -OR 9; or R7 is gem-dimethyl; R8 is H,
halogen, -OR9, -SR9, C1-C6 alkyl, -CN, or -NR9R10 ; R9
and R10 are each independently selected from the group
consisting of: H, C1-C alkyl, C1-C4 haloalkyl, C1-C4
alkoxyalkyl, C3-C6 cycloalkyl, C4-C7 cycloalkylalkyl,
-C(O)R13 , phenyl, and benzyl, where phenyl or benzyl
is optionally substituted from 1 to 3 times with a
substituent selected independently at each occurrence
thereof from the group consisting of: halogen, cyano,
C1-C4 alkyl, C1-C4 haloalkyl, and C1-C4 alkoxy; or R9
and R10 are taken together with the nitrogen to which
they are attached to form a piperidine, pyrrolidine,
piperazine, N-methylpiperazine, morpholine,
thiomorpholine, [l,2]oxazinane, isoxazolidine, or
2-oxo-2H-pyridine, which is optionally substituted
from 1 to 3 times with a substituent selected
independently at each occurrence thereof from the
group consisting of, halogen, cyano, Ci-C4 alkyl,
C1-C4 haloalkyl, and C1-C4 alkoxy; R11 is H, C1-C4
alkyl, C1-C4 haloalkyl, C1-C4 alkoxyalkyl, C3-C6
cycloalkyl, C4-C7 cycloalkylalkyl, -C(O)R 13 , phenyl,
or benzyl, where phenyl or benzyl is
optionallysubstituted 1 to 3 times with halogen,
cyano, C1-C4 alkyl, C1-C4 haloalkyl, or C1-C alkoxy;
R12 is H, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxyalkyl, C3-C6 cycloalkyl, C4-C7 cycloalkylalkyl,
phenyl, or benzyl, where phenyl or benzyl is
optionally substituted 1 to 3 times with halogen,
cyano, C1-C4 alkyl, C1-C4 haloalkyl, or C1-C4 alkoxy;
or R11 and R12 are taken together with the nitrogen to
which they are attached to form a piperidine,
pyrrolidine, piperazine, N-methylpiperazine,
morpholine, or thiomorpholine ring, with the proviso
that only one of R9 and R10 or R11 and R12 are taken
together with the nitrogen to which they are attached
to form a piperidine, pyrrolidine, piperazine,
N-methylpiperazine, morpholine, or thiomorpholine
ring; R13 is C1-C4 alkyl, C1-C4 haloalkyl, or phenyl;
n is O, I , or 2; and R14 is independently selected at
each occurrence from a substituent selected from the
group consisting of: halogen, -NO 2, -OR 11, -NR
11R12, -NR 11C(O)R12 , -NR11C(O)2R12,
-NR11C(O)NR12R13, -S(O) nR12, -CN, -C(O)R 12, -C(O)NR
11R12, C1- C6 alkyl, C -C6 alkenyl, C2-C6 alkynyl,
C3-C6 cycloalkyl, and C4-C7 cycloalkylalkyl, where
C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6
cycloalkyl, and C4-C7 cycloalkylalkyl are optionally
substituted with 1 to 3 substituents independently
selected at each occurrence from the group consisting
of: C1-C3 alkyl, halogen, aryl, -CN, -OR 9, and -NR
9R10 ; or an oxide thereof or a pharmaceutically
acceptable salt thereof. [0015] The compounds of the
present invention are also represented by the chemical
structure found in Formula (I):Formula I wherein: the
carbon atom designated is in the;R or S configuration;
X is a fused aromatic bicyclic carbocycle or
heterocycle optionally substituted with substituents (
1 to 4 in number) as defined below in R14, with the
proviso that X  isoquinolinyl, naphthyl, or
phthalimidyl; R1 is H, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, each of which is optionally
substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: C1-C3 alkyl, halogen, aryl,
-CN, -OR 9, and -NR 9R10 ; R2 is H, C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, or C1-C6 haloalkyl, each of which is
optionally substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: C1-C3 alkyl, halogen, aryl,
-CN, -OR 9, and -NR 9R10 ; or R2 is gem-dimethyl; R3
is H, halogen, -OR 11, -S(O) nR12 , -CN, -C(O)R 12,
-C(O)NR 11R12 , -NR 9R10, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C cycloalkyl, or C -C7
cycloalkylalkyl, wherein each OfC1- C6 alkyl, C -C6
alkenyl, C2-C alkynyl, C -C6 cycloalkyl, and C4- C7
cycloalkylalkyl is optionally substituted with from
1to 3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, -CN, -OR 9,-NR 9R10, and phenyl, which
is optionally substituted 1 to 3 times with a
substituent selected from the group consisting of:
halogen, cyano, C1- C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxy, -CN, and -OR 9; R4 is H, halogen, -OR 1\ -S(O)
nR12, -CN, -C(O)R 12, -C(O)NR 11R12 , -NR 9R10, C1-C6
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl,
or C4-C7 cycloalkylalkyl,wherein each of the C1- C6
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C cycloalkyl,
and C -C7 cycloalkylalkyl is optionally substituted
with from 1 to 3 substituents independently selected
at each occurrence thereof from the group consisting
of: C1- C3 alkyl, halogen, -CN, -OR 9,-NR 9R10 , and
phenyl, which is optionally substituted 1 to 3 times
with a substituent selected from the group consisting
of: halogen, cyano, C1-C4 alkyl, C1-C4 haloalkyl,
C1-C4 alkoxy, -CN, and -OR 9; or 



R4 is phenyl, naphthyl, indenyl, pyridyl, pyrimidinyl,
pyridazinyl, pyrazinyl, [l,2,4]triazinyl,
[l,3,5]triazinyl, triazolyl, furanyl, thiophenyl,
pyranyl, indazolyl, benzimidazolyl, quinolinyl,
quinazolinyl, quinoxalinyl, phthalazinyl, cinnolinyl,
isoquinolinyl, thienyl, imidazolyl, thiazolyl,
benzthiazolyl, purinyl, isothiazolyl, indolyl,
pyrrolyl, oxazolyl, benzofuranyl, benzothienyl,
benzthiazolyl, isoxazolyl, pyrazolyl, oxadiazolyl,
thiadiazolyl, 3-oxo-[l,2,4]triazolo[4,3- ]ryridinyl,
imidazo[l,2- a]pyridinyl, pyrazolo[l,5~ ]pyridinyl,
[l,2,4]triazolo[4,3-"]pyridinyl,
thieno[2,3~&]pyridinyl, thieno[3,2~&]pyridinyl,
lH-pyrrolo[2,3- ]pyridinyl, or other heterocycles
optionally substituted with substituents (1 to 4 in
number) as defined below in R14 ; R5 and R6 are each
independently selected from the group consisting of:
H, halogen, -OR 11, -S(O) nR12, -CN, -C(O)R 12,
-C(O)NR 11R12, -NR 9R10, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C cycloalkyl, and C4-C7
cycloalkylalkyl, wherein each of C1- C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, and phenyl is optionally substituted
with from 1 to 3 substituents independently selected
at each occurrence thereof from the group consisting
of: C1-C3 alkyl, halogen, -CN, -OR 9,-NR 9R10, and
phenyl, which is optionally substituted 1 to 3 times
with a substituent selected from the group consisting
of: halogen, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxy, -CN, and -OR 9; R7 is H5C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, wherein each OfC1 - C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C -C cycloalkyl, and C4-C7
cycloalkylalkyl is optionally substituted with from 1
to 3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, -CN, -OR 9,-NR 9R10, and phenyl which
is optionally substituted 1 to 3 times with a
substituent selected from the groupconsisting of:
halogen, C1-C alkyl, CrC 4 haloalkyl, C1-C4 alkoxy,
-CN, and -OR 9; or R7 is gem-dimethyl; R8 is H,
halogen, -OR9, -SR9, C1-C6 alkyl, -CN, or -NR9R10 ; R9
and R10 are each independently selected from the group
consisting of: H, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxyalkyl, C3-C6 cycloalkyl, C4-C7 cycloalkylalkyl,
-C(O)R13 , phenyl, and benzyl, where phenyl or benzyl
is optionally substituted from 1 to 3 times with a
sbstituent selected independently at each occurrence
thereof from the group consisting of: halogen, cyano,
C1-C4 alkyl, C1-C4 haloalkyl, and C1-C4 alkoxy; or R9
and R10 are taken together with the nitrogen to which
they are attached to form a piperidine, pyrrolidine,
piperazine, N-methylpiperazine, morpholine,
thiomorpholine, [l,2]oxazinane, isoxazolidine, or
2-oxo-2 -pyridine, which is optionally substituted
from 1 to 3 times with a substituent selected
independently at each occurrence thereof from the
group consisting of, halogen, cyano, C1-C4 alkyl,
C1-C4 haloalkyl, and Ci-C4 alkoxy; R11 is H, C1-C4
alkyl, C1-C4 haloalkyl, Ci-C4 alkoxyalkyl, C3-C6
cycloalkyl, C4-C7 cycloalkylalkyl, -C(O)R 13 , phenyl,
or benzyl, where phenyl or benzyl is optionally
substituted 1 to 3 times with halogen, cyano, C1-C4
alkyl, C1-C4 haloalkyl, or C1-C4 alkoxy; R12 is H,
C1-C4 alkyl, C1-C4 haloalkyl, C1-C4 alkoxyalkyl, C3-C6
cycloalkyl, C4-C7 cycloalkylalkyl, phenyl, or benzyl,
where phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C1-C4 alkyl, Ci-C4
haloalkyl, or Ci-C4 alkoxy; or R11 and R12 are taken
together with the nitrogen to which they are attached
to form a piperidine, pyrrolidine, piperazine,
N-methylpiperazine, morpholine, or thiomorpholine
ring, with the proviso that only one of R9 and R10 or
R11 and R12 are taken together with the nitrogen to
which they are attached to form a piperidine,
pyrrolidine, piperazine, N-methylpiperazine,
morpholine, or thiomorpholine ring;R13 is C1-C4 alkyl,
C1-C4 haloalkyl, or phenyl; n is O, 1, or 2; and R14
is independently selected at each occurrence from a
substituent selected from the group consisting of:
halogen, -NO 2, -OR 11, -NR 11R12, -NR 11C(O)R12 , -NR
11C(O)2R12, -NR11C(O)NR12R13, -S(O) nR12, -CN, -C(O)R
12, -C(O)NR 11R12, C1- C6 alkyl, C2-C6 alkenyl, C2-C6
alkynyl, C3-C6 cycloalkyl, and C4-C7 cycloalkylalkyl,
where C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6
cycloalkyl, and C4-C7 cycloalkylalkyl are optionally
substituted with 1 to 3 substituents independently
selected at each occurrence from the group consisting
of: Ci-C3 alkyl, halogen, aryl, -CN, -OR 9, and -NR
9R10 ; or an oxide thereof or a pharmaceutically
acceptable salt thereof. [0016] In addition, the
compounds of the present invention are represented by
the chemical structure found in Formula (I): Formula I
wherein: the carbon atom designated is in the R or S
configuration; X is a fused bicyclic carbocycle or
heterocycle selected from the group consisting of
benzofuranyl, benzo[Z>]thiophenyl, benzoisothiazolyl,
benzoisoxazolyl, indazolyl, indolyl, isoindolyl,
indolizinyl, benzoimidazolyl, benzooxazolyl,
benzothiazolyl, benzotriazolyl, imidazo[l,2-
]pyridinyl, pyrazolo[l,5- a]pyridinyl,
[l,2,4]triazolo[4,3- jpyridinyl, thieno[2,3-
]pyridinyl, thieno[3,2- ]pyridinyl, l/i-pyrrolo[2,3-
jpyridinyl, indenyl, indanyl,
dihydrobenzocycloheptenyl,
tetrahydrobenzocycloheptenyl, dihydrobenzothiophenyl,
dihydrobenzofuranyl, indolinyl, naphthyl,
tetrahydronaphthyl, quinolinyl, isoquinolinyl, 4
-quinolizinyl,9 fiT-quinolizmyl, quinazolinyl,
cinnolinyl, phthalazinyl, quinoxalinyl,
benzo[l,2,3]triazinyl, benzo[l,2,4]triazinyl,
2i7-chromenyl, 4 f-chromenyl, and a fused bicyclic
carbocycle or fused bicyclic heterocycle optionally
substituted with substituents ( 1 to 4 in number) as
defined below in R14 , with the provisos that (1)
where X = naphthyl and R4 is NH2 or OR11, R5 cannot be
H, and (2) where X = naphthyl and R5 = OR11, R4 cannot
be H; R1 is H C1-C6 alkyl, C2-C6 alkenyl, C2-C6
alkynyl, C3-C6 cycloalkyl, or C4-C7 cycloalkylalkyl,
each of which is optionally substituted with from 1 to
3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, aryl, -CN, -OR 9, and -NR 9R10 ; R2 is
H C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6
cycloalkyl, C4-C7 cycloalkylalkyl, or C1-C6 haloalkyl,
each of which is optionally substituted with from 1 to
3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, aryl, -CN, -OR 9, and -NR 9R10 ; or R2
is gem-dimethyl; R3 is H, halogen, -OR 11, -S(O) nR12
, -CN, -C(O)R 12, -C(O)NR 11R12, -NR 9R10, C1-C6
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl,
or C4-C7 cycloalkylalkyl, wherein each OfC1- C6 alkyl,
C2-C alkenyl, C -C6 alkynyl, C3-C6 cycloalkyl, and C4-
C7 cycloalkylalkyl is optionally substituted with from
1 to 3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C
alkyl, halogen, -CN, -OR 9,-NR 9R10, and phenyl, which
is optionally substituted 1 to 3 times with a
substituent selected from the group consisting of:
halogen, cyano, C1- C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxy, -CN, and -OR 9; R4 is H, halogen, -OR 1 1,
-S(O) nR12, -CN, -C(O)R 12, -C(O)NR 11R12 , -NR 9R10 ,
C1-C6 alkyl, C2-C alkenyl, C2-C6 alkynyl, C -C6
cycloalkyl, or C4-C7 cycloalkylalkyl, wherein each of
the C1- C6 alkyl, C -C6 alkenyl, C2-C6 alkynyl, C3-C6
cycloalkyl, and C4-C7 cycloalkylalkyl is optionally
substituted with from 1 to 3 substituents 



independently selected at each occurrence thereof from
the group consisting of: C1- C3 alkyl, halogen, -CN,
-OR 9,-NR 9R10 , and phenyl, which is optionally
substituted 1to 3 times with a substituent selected
from the group consisting of: halogen, cyano, C1-C4
alkyl, C1-C4 haloalkyl, C1-C4 alkoxy, -CN, and -OR 9;
or R4 is phenyl, naphthyl, indenyl, pyridyl,
pyrimidinyl, pyridazinyl, pyrazinyl, [l,2,4]triazinyl,
[l,3,5]triazinyl, triazolyl, furanyl, thiophenyl,
pyranyl, indazolyl, benzimidazolyl, quinolinyl,
quinazolinyl, quinoxalinyl, phthalazinyl, cinnolinyl,
isoquinolinyl, thienyl, imidazolyl, thiazolyl,
benzthiazolyl, purinyl, isothiazolyl, indolyl,
pyrrolyl, oxazolyl, benzofuranyl, benzothienyl,
benzthiazolyl, isoxazolyl, pyrazolyl, oxadiazolyl,
thiadiazolyl, 3-oxo-[l,2,4]triazolo[4,3- a]pyridinyl,
imidazo[l,2- a]pyridinyl, pyrazolo[l,5-fl]pyridinyl,
[l,2,4]triazolo[4,3- a]pyridinyl,
thieno[2,3-Z?]pyridinyl, mieno[3,2- ]pyridinyl, l
-pyrrolo[2,3-&]pyridinyl, or other heterocycles
optionally substituted with sbstituents ( 1 to 4 in
number) as defined below in R14; R5 and R6 are each
independently selected from the group consisting of:
H, halogen, -OR 11, -S(O) nR12 , -CN, -C(O)R 12 ,
-C(O)NR 1 1R12 , -NR 9R10, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl, wherein each of C1- C6 alkyl, C -C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, and phenyl is optionally substituted
with from 1 to 3 substituents independently selected
at each occurrence thereof from the group consisting
of: C1-C alkyl, halogen, -CN, -OR 9,-NR 9R10, and
phenyl, which is optionally substituted 1 to 3 times
with a substituent selected from the group consisting
of: halogen, C1-C4 alkyl, C -C4 haloalkyl, C -C4
alkoxy, -CN, and -OR 9; R7 is H, C1-C alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, wherein each of Ci - C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl is optionally substituted with from 1
to 3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, -CN 5-OR 9,-NR 9R10 , and phenyl which
is optionally substituted 1 to 3 times with a
substituent selected from the group consisting of:
halogen, C1-C alkyl, C1-C4 haloalkyl, C1-C4 alkoxy,
-CN, and -OR 9; or R7 is gem-dimethyl;R8 is H,
halogen, -OR9, -SR9, C1-C6 alkyl, -CN, or -NR9R10 ; R9
and R10 are each independently selected from the group
consisting of: H, C1-C alkyl, C1-C4 haloalkyl, C1-C4
alkoxyalkyl, C3-C6 cycloalkyl, C4-C7 cycloalkylalkyl,
-C(O)R13 , phenyl, and benzyl, where phenyl or benzyl
is optionally substituted from 1 to 3 times with a
substituent selected independently at each occurrence
thereof from the group consisting of: halogen, cyano,
C1-C alkyl, C1-C haloalkyl, and C1-C4 alkoxy; or R9
and R10 are taken together with the nitrogen to which
they are attached to form a piperidine, pyrrolidine,
piperazine, N-methylpiperazine, morpholine,
thiomorpholine, [l,2]oxazinane, isoxazolidine, or
2-oxo-2H-pyridine, which is optionally substituted
from 1 to 3 times with a substituent selected
independently at each occurrence thereof from the
group consisting of, halogen, cyano, C1-C4 alkyl,
C1-C4 haloalkyl, and C1-C4 alkoxy; R11 is H, C1-C4
alkyl, C1-C4 haloalkyl, C1-C4 alkoxyalkyl, C3-C6
cycloalkyl, C4-C7 cycloalkylalkyl, -C(O)R 13 , phenyl,
or benzyl, where phenyl or benzyl is optionally
substituted 1 to 3 times with halogen, cyano, C1-C4
alkyl, C1-C4 haloalkyl, or C1-C4 alkoxy; R12 is H,
C1-C4 alkyl, C1-C4 haloalkyl, C1-C4 alkoxyalkyl, C3-C6
cycloalkyl, C4-C7 cycloalkylalkyl, phenyl, or benzyl,
where phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, C1-C4 alkyl, C1-C4
haloalkyl, or C1-C4 alkoxy; or R11 and R12 are taken
together with the nitrogen to which they are attached
to form a piperidine, pyrrolidine, piperazine,
N-methylpiperazine, morpholine, or thiomorpholine
ring, with the proviso that only one of R9 and R10 or
R11 and R12 are taken together with the nitrogen to
which they are attached to form a piperidine,
pyrrolidine, piperazine, N-methylpiperazine,
morpholine, or thiomorpholine ring; R13 is C1-C4
alkyl, C1-C4 haloalkyl, or phenyl; n is O, 1, or 2;
andR14 is independently selected at each occurrence
from a substituent selected from the group consisting
of: halogen, -NO 2, -OR 11, -NR 11R12, -NR 11C(O)R12,
-NR11C(O)2R12 , -NR11C(O)NR12R13 , -S(O) nR12 , -CN,
-C(O)R 12 , -C(O)NR 11R12 , C1- C6 alkyl, C2-C
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl, where C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl are optionally substituted with 1 to 3
substituents independently selected at each occurrence
from the group consisting of: C1-C3 alkyl, halogen,
aryl, -CN, -OR 9, and -NR 9R10; or an oxide thereof or
a pharmaceutically acceptable salt thereof. [0017]
Another aspect of the present invention relates to a
process for preparation of a product compound of
Formula (I): Formula (I) wherein: the carbon atom
designated * is in the R or S configuration; X is a
fused bicyclic carbocycle or heterocycle selected from
the group consisting of benzofuranyl,
benzo[Z?]thiophenyl, benzoisothiazolyl,
benzoisoxazolyl, indazolyl, indolyl, isoindolyl,
indolizinyl, benzoimidazolyl, benzooxazolyl,
benzothiazolyl, benzotriazolyl, imidazo[l,2-
]pyridinyl, pyrazolo[l,5- b]pyridinyl,
[l,2,4]triazolo[4,3- jpyridinyl,
thieno[2,3-Z?]pyridinyl, thieno[3,2-Z?]pyridmyl,
l//-pyrrolo[2,3- jpyridinyl, indenyl, indanyl,
dihydrobenzocycloheptenyl,
tetrahydrobenzocycloheptenyl, dihydrobenzothiophenyl,
dihydrobenzofuranyl, indolinyl, naphthyl,
tetrahydronaphthyl, quinolinyl, isoquinolinyl, 4
-quinolizinyl, T-quinolizinyl, quinazolinyl,
cinnolinyl, phthalazinyl, quinoxalinyL
benzo[l,2,3]triazinyl, benzo[l,2,4]triazinyl, 2/
-chromenyl, 4/f-chromenyl, and a fused bicyclic
carbocycle or fused bicyclic heterocycle optionally
substituted with substituents ( 1 to 4 in number) as
defined below in R14 ;R1 is H, C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, each of which is optionally
substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: C1-C3 alkyl, halogen, aryl,
-CN, -OR 9, and -NR 9R10 ; R2 is H, Ci-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, or C1-C6 haloalkyl, each of which is
optionally substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: C1-C3 alkyl, halogen, aryl,
-CN, -OR 9, and -NR 9R10 ; or R2 is gem-dimethyl; R3
is H, halogen, -OR 1 1, -S(O) nR12, -CN, -C(O)R 12,
-C(O)NR 11R12, -NR 9R10, Cr C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, wherein each OfC1- C6 alkyl, C2-C6
alkenyl, C -C6 alkynyl, C3-C6 cycloalkyl, and C4- C7
cycloalkylalkyl is optionally substituted with from 1
to 3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, -CN, -OR 9,-NR 9R10, and phenyl, which
is optionally substituted 1 to 3 times with a
substituent selected from the group consisting of:
halogen, cyano, C1- C4 alkyl, C C4 haloalkyl, C1-C4
alkoxy, -CN, and -OR 9; R4 is H, halogen, -OR 11,
-S(O) nR12 , -CN, -C(O)R 12 , -C(O)NR 11R12 , -NR 9R10
, C1-C6 alkyl, C -C6 alkenyl, C2-C6 alkynyl, C3-C6
cycloalkyl, or C4-C7 cycloalkylalkyl, wherein each of
the C1- C6 alkyl, C -C6 alkenyl, C2-C6 alkynyl, C3-C6
cycloalkyl, and 



C4-C7 cycloalkylalkyl is optionally substituted with
from 1 to 3 substituents independently selected at
each occurrence thereof from the group consisting of:
C1- C3 alkyl, halogen, -CN, -OR 9,-NR 9R10 , and
phenyl, which is optionally substituted 1 to 3 times
with a substituent selected from the group consisting
of: halogen, cyano, C1-C4 alkyl, C1-C4 haloalkyl,
C1-C4 alkoxy, -CN, and -OR 9; or R4 is phenyl,
naphthyl, indenyl, pyridyl, pyrimidinyl, pyridazinyl,
pyrazinyl, [l,2,4]triazinyl, [l,3,5]triazinyl,
triazolyl, furanyl, thiophenyl, pyranyl, indazolyl,
benzimidazolyl, quinolinyl, quinazolinyl,
quinoxalinyl, phthalazinyl, cinnolinyl, isoquinolinyl,
thienyl, imidazolyl, thiazolyl, benzthiazolyl,
purinyl, isothiazolyl,indolyl, pyrrolyl, oxazolyl,
benzofuranyl, benzothienyl, benzthiazolyl, isoxazolyl,
pyrazolyl, oxadiazolyl, thiadiazolyl,
3-oxo-[l,2,4]triazolo[4,3- a]pyridinyl,
imidazo[l,2~a]pyridinyl, pyrazolo[l,5- ]pyridinyl,
[l,2,4]triazolo[4,3- ]pyridinyl,
thieno[2,3-&]pyridinyl, thieno[3,2- ]pyridinyl,
lH-pyrrolo[2,3- ]pyridinyl, or other heterocycles
optionally substituted with substituents (1 to 4 in
number) as defined below in R14 ; R5 and R6 are each
independently selected from the group consisting of:
H, halogen, -OR 11, -S(O) nR12, -CN, -C(O)R 12 ,
-C(O)NR 11R12 , -NR 9R10 , C1-C6 alkyl, C2-C6 alkenyl,
C2-C alkynyl, C -C6 cycloalkyl, and C4-C7
cycloalkylalkyl, wherein each of C1- C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, and phenyl is optionally substituted
with from 1 to 3 substituents independently selected
at each occurrence thereof from the group consisting
of: C1-C alkyl, halogen, -CN, -OR 9,-NR 9R10, and
phenyl, which is optionally substituted 1 to 3 times
with a substituent selected from the group consisting
of: halogen, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxy, -CN, and -OR 9; R7 is H; R8 is H, halogen,
-OR9, -SR9, C1-C6 alkyl, -CN, or -NR9R10 ; R9 and R10
are each independently selected from the group
consisting of: H, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxyalkyl, C3-C6 cycloalkyl, C4-C7 cycloalkylalkyl,
-C(O)R13, phenyl, and benzyl, where phenyl or benzyl
is optionally substituted from 1 to 3 times with a
substituent selected independently at each occurrence
thereof from the group consisting of: halogen, cyano,
C1-C4 alkyl, C1-C4 haloalkyl, and C1-C4 alkoxy; or R9
and R10 are taken together with the nitrogen to which
they are attached to form a piperidine, pyrrolidine,
piperazine, N-methylpiperazine, morpholine,
thiomorpholine, [l,2]oxazinane, isoxazolidine, or
2-oxo-2 -pyridine, which is optionally substituted
from 1 to 3 times with a substituent selected
independently at each occurrence thereof from the
group consisting of, halogen, cyano, C1-C alkyl, C1-C4
haloalkyl, and C1-C4 alkoxy;R11 is H3C1-C4 alkyl,
C1-C4 haloalkyl, C1-C4 alkoxyalkyl, C3-C6 cycloalkyl,
C4-C7 cycloalkylalkyl, -C(O)R 13 , phenyl, or benzyl,
where phenyl or benzyl is optionally substituted 1 to
3 times with halogen, cyano, Ci-C4 alkyl, C1-C4
haloalkyl, or C1-C4 alkoxy; R12 is H, C1-C4 alkyl,
C1-C4 haloalkyl, C1-C4 alkoxyalkyl, C3-C6 cycloalkyl,
C4-C7 cycloalkylalkyl, phenyl, or benzyl, where phenyl
or benzyl is optionally substituted 1 to 3 times with
halogen, cyano, C1-C4 alkyl, C1-C4 haloalkyl, or C1-C4
alkoxy; or R11 and R12 are taken together with the
nitrogen to which they are attached to form a
piperidine, pyrrolidine, piperazine,
N-methylpiperazine, morpholine, or thiomorpholine
ring, with the proviso that only one of R9 and R10 or
R11 and R12 are taken together with the nitrogen to
which they are attached to form a piperidine,
pyrrolidine, piperazine, N-methylpiperazine,
morpholine, or thiomorpholine ring; R13 is C1-C4
alkyl, C1-C4 haloalkyl, or phenyl; n is O, 1, or 2;
and R14 is independently selected at each occurrence
from a substituent selected from the group consisting
of: halogen, -NO 2, -OR 11, -NR 1 1R12 , -NR 11C(O)R12
, -NR1 1C(O)2R12 , -NR11C(O)NR12R13 , -S(O) nR12 ,
-CN, -C(O)R 12, -C(O)NR 11R12 , C1- C6 alkyl, C2-C
alkenyl, C -C alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl, where C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C -C6 cycloalkyl, and C4-C7
cycloalkylalkyl are optionally substituted with 1 to 3
substituents independently selected at each occurrence
from the group consisting of: C1-C3 alkyl, halogen,
aryl, -CN, -OR 9, and -NR 9R10 . The process involves
treating a first intermediate compound of Formula
(XVIII):with a reducing agent, under conditions
effective to produce the product compound. [0018]
Results of recent clinical investigations with drugs,
such as duloxetine, venlafaxine, atomoxetine, and
others that work mechanistically through transporter
reuptake inhibition, provide evidence that the potency
and selectivity are important factors in leading to
drugs with an improved efficacy, improved therapeutic
index, and utility for treatment of new clinical
indications. Duloxetine, a dual action transporter
reuptake inhibitor, is a selective inhibitor for
serotonin transporter protein ("SERT") and
norepinephrine transporter protein ("NET") reuptake
(Sorbera et al., Drugs of the Future, 25(9):907-916
(2000), which is hereby incorporated by reference in
its entirety) and is in clinical development for the
treatment of depression and stress urinary
incontinence m clinical studies, researchers attribute
the effect of the medication on a broad spectrum of
depression symptoms, which include emotional and
painful physical symptoms as well as anxiety, to its
dual reuptake inhibition of both serotonin and
norepinephrine. Venlafaxine, which is also reported to
be a selective serotonin and norepinephrine reuptake
inhibitor (SNRI class), has been reported to exhibit a
more rapid onset of action. This has been a drawback
with the first generation antidepressants, i.e., the
single action serotonin selective reuptake inhibitors
(SSRI class). Prozac(r), the prototype drug in this
class, can take four weeks or longer for full
anti-depressive activity to take effect. [0019]
Atomoxetine (Strattera(r)) was recently approved for
the treatment of attention deficit hyperactivity
disorder (ADHD). Atomoxetine is a norepinephrine
selective transporter reuptake inhibitor. Unlike
Ritalin(r), one of the most frequently used drugs for
treatment of ADHD, atomoxetine has little or no
activity at the dopamine transporter. As a result,
atomoxetine has the advantage that it is not scheduled
as a controlled substance because it has minimal
potential for substance abuse.[0020] In a manner
similar to the newer clinical agents like atomoxetine,
duloxetine and venlafaxine, the compounds of the
present invention may exhibit improved efficacy
towards broader symptoms of depression. The compounds
of the present invention may also exhibit more rapid
onset of action in the treatment of CNS diseases like
depression. In addition to providing improved
efficacy, the compounds of the present invention may
also exhibit fewer undesirable side effects. Finally,
because the compounds of the present invention possess
a diverse transporter reuptake inhibition profile,
they are expected to be useful for a wider variety of
CNS disorders. DETAILED DESCRIPTION OF THE INVENTION
[0021] The compounds of the present invention are
represented by the chemical structure found in Formula
(I): wherein: the carbon atom designated is in the R
or S configuration; X is a fused bicyclic carbocycle
or heterocycle selected from the group consisting of
benzofuranyl, benzo[ ]thiophenyl, benzoisothiazolyl,
benzoisoxazolyl, indazolyl, indolyl, isoindolyl,
indolizinyl, benzoiniidazolyl, benzooxazolyl,
benzothiazolyl, benzotriazolyl, imidazo[l,2-
]pyridinyl, pyrazolo[l,5- a]pyridinyl,
[l,2,4]triazolo[4,3- jpyridinyl,
thieno[2,3-Z>]pyridinyl, thieno[3,2-6]pyridinyl,
liJ-pyrrolo[2,3- 



bjpyridinyl, indenyl, indanyl,
dihydrobenzocycloheptenyl,
tetrahydrobenzocycloheptenyl, dihydrobenzothiophenyl,
dihydrobenzofuranyl, indolinyl, naphthyl,
tetrahydronaphthyl, quinolinyl, isoquinolinyl,
4if-quinolizinyl, 9 //-quinolizinyl, quinazolinyl,
cinnolinyl, phthalazinyl, quinoxalinyl,
benzo[l,2,3]triazinyl, benzo[l,2,4]triazinyl,
2//-chromenyl, 4f-chromenyl, and afused bicyclic
carbocycle or fused bicyclic heterocycle optionally
substituted with substituents ( 1 to 4 in number) as
defined below in R14 ; R1 is H, C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, each of which is optionally
substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: C1-C3 alkyl, halogen, aryl,
-CN, -OR 9, and -NR 9R10 ; R2 is H, C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, or C1-C6 haloalkyl, each of which is
optionally substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: C1-C3 alkyl, halogen, aryl,
-CN, -OR 9, and -NR 9R10 ; or R2 is gem-dimethyl; R3
is H, halogen, -OR 1 1, -S(O) nR12 , -CN, -C(O)R 12 ,
-C(O)NR 11R12 , -NR 9R10, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, wherein each OfC1- C6 alkyl, C2-C6
alkenyl, C -C6 alkynyl, C3-C6 cycloalkyl, and C4- C7
cycloalkylalkyl is optionally substituted with from 1
to 3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, -CN, -OR 9,-NR 9R10, and phenyl, which
is optionally substituted 1to 3 times with a
substituent selected from the group consisting of:
halogen, cyano, C1- C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxy, -CN, and -OR 9; R4 is H, halogen, -OR 11,
-S(O) nR12, -CN, -C(O)R 12, -C(O)NR 11R12, -NR 9R10,
C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6
cycloalkyl, or C4-C7 cycloalkylalkyl, wherein each of
the C1- C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C -C6
cycloalkyl, and C4-C7 cycloalkylalkyl is optionally
substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: C1- C3 alkyl, halogen, -CN,
-OR 9,-NR 9R10, and phenyl, which is optionally
substituted 1 to 3 times with a substituent selected
from the group consisting of: halogen, cyano, C1-C4
alkyl, C1-C4 haloalkyl, C1-C4 alkoxy, -CN, and -OR 9;
or R4 is phenyl, naphthyl, indenyl, pyridyl,
pyrimidinyl, pyridazinyl, pyrazinyl, [l,2,4]triazinyl,
[l,3,5]triazinyl, triazolyl, furanyl, thiophenyl,
pyranyl, indazolyl,benzimidazolyl, quinolinyl,
quinazolinyl, quinoxalinyl, phthalazinyl, cinnolinyl,
isoquinolinyl, thienyl, imidazolyl, thiazolyl,
benzthiazolyl, purinyl, isothiazolyl, indolyl,
pyrrolyl, oxazolyl, benzofuranyl, benzothienyl,
benzthiazolyl, isoxazolyl, pyrazolyl, oxadiazolyl,
thiadiazolyl, 3-oxo-[l,2,4]triazolo[4,3- a]pyridinyl,
imidazo[l,2- ]pyridinyl, pyrazolo[l,5- a]pyridinyl,
[l,2,4]triazolo[4,3- a]pyridinyl, thieno[2,3-
]pyridinyl, thieno[3,2- ]pyridinyl, l
-pyrrolo[2,3-]pyridinyl, or other heterocycles
optionally substituted with substituents ( 1 to 4 in
number) as defined below in R14; R5 and R are each
independently selected from the group consisting of:
H, halogen, -OR 11, -S(O) nR12 , -CN, -C(O)R 12,
-C(O)NR 11R12, -NR 9R10 , C1-C6 alkyl, C2-C6 alkenyl,
C2-C alkynyl, C3-C6 cycloalkyl, and C -C7
cycloalkylalkyl, wherein each of C1- C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, and phenyl is optionally substituted
with from 1to 3 substituents independently selected at
each occurrence thereof from the group consisting of:
C1-C3 alkyl, halogen, -CN, -OR 9,-NR 9R10, and phenyl,
which is optionally substituted 1 to 3 times with a
substituent selected from the group consisting of:
halogen, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4 alkoxy,
-CN, and -OR 9; R7 is H, C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, wherein each of C1 - C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl is optionally substituted with from 1
to 3 substituents independently selected at each
occurrence thereof from the group consisting of: C1-C3
alkyl, halogen, -CN, -OR 9,-NR 9R10, and phenyl which
is optionally substituted 1 to 3 times with a
substituent selected from the group consisting of:
halogen, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4 alkoxy,
-CN, and -OR 9; or R7 is gem-dimethyl; R8 is H,
halogen, -OR9, -SR9, Ci-C6 alkyl, -CN, or -NR9R10; R9
and R10 are each independently selected from the group
consisting of: H, C1-C4 alkyl, C1-C4 haloalkyl, C1-C4
alkoxyalkyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl,-C(O)R13, phenyl, and benzyl, where
phenyl or benzyl is optionally substituted from 1 to 3
times with a substituent selected independently at
each occurrence thereof from the group consisting of:
halogen, cyano, C1-C4 alkyl, C1-C haloalkyl, and C1-C4
alkoxy; or R9 and R10 are taken together with the
nitrogen to which they are attached to form a
piperidine, pyrrolidine, piperazine,
N-methylpiperazine, morpholine, thiomorpholine,
[l,2]oxazinane, isoxazolidine, or 2-oxo-2 -pyridine,
which is optionally substituted from 1to 3 times with
a substituent selected independently at each
occurrence thereof from the group consisting of,
halogen, cyano, C1-C4 alkyl, C1-C4 haloalkyl, and
C1-C4 alkoxy; R11 is H, C -C4 alkyl, C1-C4 haloalkyl,
C1-C4 alkoxyalkyl, C3-C6 cycloalkyl, C4-C7
cycloalkylalkyl, -C(O)R 13, phenyl, or benzyl, where
phenyl or benzyl is optionally substituted 1 to 3
times with halogen, cyano, C1-C4 alkyl, C1-C4
haloalkyl, or C1-C4 alkoxy; R12 is H, C1-C4 alkyl,
C1-C4 haloalkyl, C1-C4 alkoxyalkyl, C3-C6 cycloalkyl,
C4-C7 cycloalkylalkyl, phenyl, or benzyl, where phenyl
or benzyl is optionally substituted 1 to 3 times with
halogen, cyano, C1-C4 alkyl, C1-C4 haloalkyl, or C1-C4
alkoxy; or R11 and R12 are taken together with the
nitrogen to which they are attached to form a
piperidine, pyrrolidine, piperazine,
N-methylpiperazine, morpholine, or thiomorpholine
ring, with the proviso that only one of R9 and R10 or
R11 and R12 are taken together with the nitrogen to
which they are attached to form a piperidine,
pyrrolidine, piperazine, N-methylpiperazine,
morpholine, or thiomorpholine ring; R13 is C1-C4
alkyl, C1-C4 haloalkyl, or phenyl; n is 0, 1, or 2;
and R14 is independently selected at each occurrence
from a substituent selected from the group consisting
of: halogen, -NO 2, -OR 11, -NR 1 1R12 , -NR 11C(O)R12
, -NR11C(O)2R12 , -NR11C(O)NR12R13 , -S(O) nR12 , -CN,
-C(O)R 12 , -C(O)NR 11R12 , C1-C6 alkyl, C -C6
alkenyl, C2-C alkynyl, C3-C cycloalkyl, and C4-C7
cycloalkylalkyl, where C1-C6 alkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl are optionally substituted with 1 to 3
substituents independently selected at each occurrence
from the group consisting of: C1-C3 alkyl, halogen,
aryl, -CN, -OR 9, and -NR 9R10 ; or an oxide thereof
or a pharmaceutically acceptable salt thereof. [0022]
As used above, and throughout the description of the
invention, the following terms, unless otherwise
indicated, shall be understood to have the following
meanings. [0023] The term "fused bicyclic carbocycle"
means a bicyclic ring system consisting of about 8 to
11 ring carbon atoms, preferably 9 or 10. One or both
of the rings is/are aromatic. Representative fused
bicyclic carbocycles include indenyl, indanyl,
naphthyl (or naphthalenyl), dihydronaphthyl,
tetrahydronapthyl, benzocycloheptenyl,
dihydrobenzocycloheptenyl,
tetrahydrobenzocyloheptenyl, and the like. 



[0024] The term "fused bicyclic heterocycle" means a
bicyclic ring system consisting of about 8 to 11 ring
atoms, preferably 9 or 10, in which one or more of the
atoms in the ring system is/are element(s) other than
carbon, for example, nitrogen, oxygen, or sulfur. The
prefix aza, oxa, or thia before heterocycle means that
at least a nitrogen, oxygen, or sulfur atom,
respectively, is present as a ring atom. A nitrogen
atom of a heteroaryl is optionally oxidized to the
corresponding N-oxide. Representative fused bicyclic
heterocycles include benzofuranyl,
benzo[Z?]thiophenyl, benzoisothiazolyl,
benzoisoxazolyl, indazolyl, indolyl, isoindolyl,
indolizinyl, benzoimidazolyl, benzooxazolyl,
benzothiazolyl, benzotriazolyl, imidazo[l,2-
a]pyridinyl, pyrazolo[l,5- ]pyridinyl,
[l,2,4]triazolo[4,3- a]pyridinyl, thieno[2,3-
]pyridinyl, thieno[3,2- ]pyridinyl, l/i-pyrrolo[2,3-
]pyridinyl, chromenyl, dihydrobenzothiophenyl,
dihydrobenzofuranyl, indolinyl, quinolinyl,
isoquinolinyl, 4/ -quinolizinyl, 9aH-quinolizinyl,
quinazolinyl, cinnolinyl, quinoxalinyl,
benzo[l,2,3]triazinyl, benzo[l,2,4]triazinyl, and the
like. [0025] The term "alkyl" means an aliphatic
hydrocarbon group which may be straight or branched
having about 1 to about 6 carbon atoms in the chain.
"Branched" means that one or more lower alkyl groups,
such as methyl, ethyl, or propyl, areattached to a
linear alkyl chain. Exemplary alkyl groups include
methyl, ethyl, npropyl, /-propyl, /z-butyl, /-butyl,
"-pentyl, and 3-rentyl. [0026] The term "alkenyl"
means an aliphatic hydrocarbon group containing a
carbon-carbon double bond and which may be straight or
branched having about 2 to about 6 carbon atoms in the
chain. Preferred alkenyl groups have 2 to about 4
carbon atoms in the chain. "Branched" means that one
or more lower alkyl groups, such as methyl, ethyl, or
propyl, are attached to a linear alkenyl chain.
Exemplary alkenyl groups include ethenyl, propenyl,
n-butenyl, and z-butenyl. [0027] The term "alkynyl"
means an aliphatic hydrocarbon group containing a
carbon-carbon triple bond and which may be straight or
branched having about 2 to about 6 carbon atoms in the
chain. Preferred alkynyl groups have 2 to about 4
carbon atoms in the chain. "Branched" means that one
or more lower alkyl groups, such as methyl, ethyl, or
propyl, are attached to a linear alkynyl chain.
Exemplary alkynyl groups include ethynyl, propynyl,
n-butynyl, 2-butynyl, 3-methylbutynyl, and npentynyl.
[0028] The term "aryl" means an aromatic monocyclic or
multicyclic ring system of 6 to about 14 carbon atoms,
preferably of 6 to about 10 carbon atoms.
Representative aryl groups include phenyl and
naphthyl. The terms "naphthyl" and "naphthalenyl" are
used interchangeably. [0029] The term "alkoxy" means
an alkyl-O-group wherein the alkyl group is as herein
described. Exemplary alkoxy groups include methoxy,
ethoxy, r-propoxy, z-propoxy, n-butoxy, and heptoxy.
[0030] The term "compounds of the invention", and
equivalent expressions are meant to embrace compounds
of general Formula (I) as hereinbefore described,
which expression includes the prodrugs, the
pharmaceutically acceptable salts, and the solvates,
e.g., hydrates, where the context so permits.
Similarly, reference to intermediates, whether or not
they themselves are claimed, is meant to embrace their
salts and solvates, where the context so permits. For
the sake of clarity, particular instances, when the
context so permits, are sometimes indicated in the
text, but these instances are purely illustrative and
it is not intended to exclude other instances when the
context so permits. [0031] The term "cycloalkyl" means
a non-aromatic monocyclic or multicyclic ring system
of about 3 to about 7 carbon atoms, preferably of
about 5 toabout 7 carbon atoms. Exemplary monocyclic
cycloalkyl groups include cyclopentyl, cyclohexyl,
cycloheptyl, and the like. [0032] The term
"cycloalkylalkyl" means a cycloalkyl-alkyl-group in
which the cycloalkyl and alkyl are as defined herein.
Exemplary cycloalkylalkyl groups include
cyclopropylmethyl and cyclopentylmethyl. [0033] The
term "halo" or "halogen" means fluoro, chloro, bromo,
or iodo. [0034] The term "haloalkyl" means both
branched and straight-chain alkyl substituted with one
or more halogen, wherein the alkyl group is as herein
described. [0035] The term "haloalkoxy" means a C1-4
alkoxy group substituted by at least one halogen atom,
wherein the alkoxy group is as herein described.
[0036] The term "substituted" or "substitution" of an
atom means that one or more hydrogen on the designated
atom is replaced with a selection from the indicated
group, provided that the designated atom's normal
valency is not exceeded. "Unsubstituted" atoms bear
all of the hydrogen atoms dictated by their valency.
When a substituent is keto (i.e., =O), then 2
hydrogens on the atom are replaced. Combinations of
substituents and/or variables are permissible only if
such combinations result in stable compounds; by
"stable compound" or "stable structure" is meant a
compound that is sufficiently robust to survive
isolation to a useful degree of purity from a reaction
mixture, and formulation into an efficacious
therapeutic agent. [0037] The term "pharmaceutically
acceptable salts" means the relatively non toxic,
inorganic and organic acid addition salts, and base
addition salts of compounds of the present invention.
These salts can be prepared in situ during the final
isolation and purification of the compounds. In
particular, acid addition salts can be prepared by
separately reacting the purified compound in its free
base form with a suitable organic or inorganic acid
and isolating the salt thus formed. Exemplary acid
addition salts include the hydrobromide,
hydrochloride, sulfate, bisulfate, phosphate, nitrate,
acetate, oxalate, valerate, oleate, palmitate,
stearate, laurate, borate, benzoate, lactate,
phosphate, tosylate, citrate, maleate, fumarate,
succinate, tartrate, naphthylate, mesylate,
glucoheptonate, lactiobionate, sulphamates, malonates,
salicylates, propionates, methylene-bis-
-hydroxynaphthoates, gentisates, isothionates,
di-ptoluoyltartrates, methanesulphonates,
ethanesulphonates, benzenesulphonates, -
toluenesulphonates, cyclohexylsulphamates and
quinateslaurylsulphonate salts, andthe like. (See, for
example Berge et al., "Pharmaceutical Salts," JPharm
Sd, 66:1- sup. 19 (1977) and Remington's
Pharmaceutical Sciences, 17th ed, Easton, Pa., Mack
Publishing Company, p. 1418 (1985), which are hereby
incorporated by reference in their entirety.) Base
addition salts can also be prepared by separately
reacting the purified compound in its acid form with a
suitable organic or inorganic base and isolating the
salt thus formed. Base addition salts include
pharmaceutically acceptable metal and amine salts.
Suitable metal salts include the sodium, potassium,
calcium, barium, zinc, magnesium, and aluminum salts.
The sodium and potassium salts are preferred. Suitable
inorganic base addition salts are prepared from metal
bases which include sodium hydride, sodium hydroxide,
potassium hydroxide, calcium hydroxide, aluminum
hydroxide, lithium hydroxide, magnesium hydroxide, and
zinc hydroxide. Suitable amine base addition salts are
prepared from amines which have sufficient basicity to
form a stable salt and preferably include those amines
which are frequently used in medicinal chemistry
because of their low toxicity and acceptability for
medical use. Examples of such amines include ammonia,
ethylenediamine, N-methyl-glucamine, lysine, arginine,
ornithine, choline, N5N'- dibenzylethylenediamine,
chloroprocaine, diethanolamine, procaine,
Nbenzylphenethylarnine, diethylamine, piperazine,
tris(hydroxymethyl)-aminomethane, tetramethylammonium
hydroxide, triethylamine, dibenzylamine, ephenamine,
dehydroabietylamine, N-ethylpiperidine, benzylamine,
tetramethylammonium, tefraethylammonium, methylarnine,
dimethylamine, trimethylamine, ethylamine, basic amino
acids such as lysine and arginine, dicyclohexylamine,
and the like. 



[0038] The term "pharmaceutically acceptable prodrugs"
as used herein means those prodrugs of the compounds
useful according to the present invention which are,
within the scope of sound medical judgment, suitable
for use in contact with the tissues of humans and
lower animals with undue toxicity, irritation,
allergic response, and the like, commensurate with a
reasonable benefit/risk ratio, and effective for their
intended use, as well as the zwitterionic forms, where
possible, of the compounds of the invention. The term
"prodrug" means compounds that are rapidly transformed
in v/vo to yield the parent compound of the above
formula, for example by hydrolysis in blood.
Functional groups which may be rapidly transformed, by
metabolic cleavage in vivo, form a class of groups
reactive with the carboxyl group of the compounds of
the present invention. They include, but are not
limited to, such groups as alkanoyl(such as acetyl,
propionyl, butyryl, and the like), unsubstituted and
substituted aroyl (such as benzoyl and substituted
benzoyl), alkoxycarbonyl (such as ethoxycarbonyl),
trialkylsilyl (such as trimethyl- and triethysilyl),
monoesters formed with dicarboxylic acids (such as
succinyl), and the like. Because of the ease with
which the metabolically cleavable groups of the
compounds useful according to this invention are
cleaved in vivo, the compounds bearing such groups act
as pro-drugs. The compounds bearing the metabolically
cleavable groups have the advantage that they may
exhibit improved bioavailability as a result of
enhanced solubility and/or rate of absorption
conferred upon the parent compound by virtue of the
presence of the metabolically cleavable group. A
thorough discussion of prodrugs is provided in the
following: Bundgaard, ed., Design of Prodrugs,
Elsevier (1985); Widder et al., Methods in Enzymology,
ed., Academic Press, 42:309-396 (1985); "Design and
Applications of Prodrugs," Krogsgaard-Larsen, ed.,
Textbook of Drug Design and Development, Chapter
5:113-191 (1991); Bundgaard, "Advanced Drug Delivery
Reviews 8:1-38 (1992); Bundgaard et al., Journal of
Pharmaceutical Sciences, 77:285 (1988); Nakeya et al.,
Chem Pharm Bull, 32:692 (1984); Higuchi, "Pro-drugs as
Novel Delivery Systems" Roche, ed., A.C.S. Symposium
Series, Vol. 14, and "Bioreversible Carriers in Drug
Design" American Pharmaceutical Association and
Pergamon Press (1987), which are hereby incorporated
by reference in their entirety. 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. [0039] The
term "therapeutically effective amounts" is meant to
describe an amount of compound of the present
invention effective in increasing the levels of
serotonin, norepinephrine, or dopamine at the synapse
and, thus, producing the desired therapeutic effect.
Such amounts generally vary according to a number of
factors well within the purview of ordinarily skilled
artisans given the description provided herein to
determine and account for. These include, without
limitation: the particular subject, as well as its
age, weight, height, general physical condition and
medical history, the particular compound used, as well
as the carrier in which it is formulated and the route
of administration selected for it, and the nature and
severity of the condition being treated. [0040] The
term "pharmaceutical composition" means a composition
comprising a compound of Formula (I) and at least one
component selected fromphaimaceutically acceptable
carriers, diluents, adjuvants, excipients, or
vehicles, such as preserving agents, fillers,
disintegrating agents, wetting agents, emulsifying
agents, suspending agents, sweetening agents,
flavoring agents, perfuming agents, antibacterial
agents, antifungal agents, lubricating agents and
dispensing agents, depending on the nature of the mode
of administration and dosage forms. Examples of
suspending agents include ethoxylated isostearyl
alcohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum
metahydroxide, bentonite, agar-agar and tragacanth, or
mixtures of these substances. Prevention of the action
of microorganisms can be ensured by various
antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, and the
like. It may also be desirable to include isotonic
agents, for example, sugars, sodium chloride, and the
like. Prolonged absorption of the injectable
pharmaceutical form can be brought about by the use of
agents delaying absorption, for example, aluminum
monosterate and gelatin. Examples of suitable
carriers, diluents, solvents or vehicles include
water, ethanol, polyols, suitable mixtures thereof,
vegetable oils (such as olive oil), and injectable
organic esters, such as ethyl oleate. Examples of
excipients include lactose, milk sugar, sodium
citrate, calcium carbonate, dicalcium phosphate
phosphate. Examples of disintegrating agents include
starch, alginic acids, and certain complex silicates.
Examples of lubricants include magnesium stearate,
sodium lauryl sulphate, talc, as well as high
molecular weight polyethylene glycols. [0041] The term
"pharmaceutically acceptable" means it is, within the
scope of sound medical judgment, suitable for use in
contact with the cells of humans and lower animals
without undue toxicity, irritation, allergic response
and the like, and are commensurate with a reasonable
benefit/risk ratio. [0042] The term "pharmaceutically
acceptable dosage forms" means dosage forms of the
compound of the invention, and includes, for example,
tablets, dragees, powders, elixirs, syrups, liquid
preparations, including suspensions, sprays, inhalants
tablets, lozenges, emulsions, solutions, granules,
capsules and suppositories, as well as liquid
preparations for injections, including liposome
preparations. Techniques and formulations generally
may be found in Remington 's Pharmaceutical Sciences,
17th ed, Easton, Pa., Mack Publishing Company (1985),
which is hereby incorporated by reference in its
entirety.[0043] One embodiment of the present
invention relates to the compound of the Formula (I)
where: X is selected from the group consisting of
benzofuranyl, benzo[ ]thiophenyl, benzoisothiazolyl,
benzoisoxazolyl, indazolyl, indolyl, isoindolyl,
indolizinyl, benzoimidazolyl, benzooxazolyl,
benzothiazolyl, benzotriazolyl, imidazo[l,2-
ajpyridinyl, pyrazolo[l,5- a]pyridinyl,
[l,2,4]triazolo[4,3- a]pyridinyl, thieno[2,3-
Z?]pyridinyl, thieno[3,2-]pyridinyl, l
-pyrrolo[2,3-]pyridinyl, indenyl, indanyl,
dihydrobenzocycloheptenyl,
tetrahydrobenzocycloheptenyl, dihydrobenzothiophenyl,
dihydrobenzofuranyl, indolinyl, naphthyl,
tetrahydronaphthyl, quinolinyl, isoquinolinyl, 4
-quinolizinyl, 9aH-quinolizinyl, quinazolinyl,
cinnolinyl, phthalazinyl, quinoxalinyl,
benzo[l,2,3]triazinyl, benzo[l,2,4]triazinyl,
2Hchromenyl, 4H-chromenyl, and a fused bicyclic
carbocycle or fused bicyclic heterocycle optionally
substituted with substituents ( 1 to 4 in number) as
defined below in R14; R1 is H or C1-C6 alkyl; R2 is H,
C1-C6 alkyl, or C1-C6 haloalkyl; R3 is H, halogen, -OR
1 1, -S(O) nR12 , -CN, -C(O)R 12 , -C(O)NR 11R12, -NR
9R10, C1-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6
cycloalkyl, or C4-C7 cycloalkylalkyl, wherein each OfC
1- C alkyl, C -C6 alkenyl, C2-C6 alkynyl, C3-C6
cycloalkyl, and C4- C7 cycloalkylalkyl is optionally
substituted with from 1 to 3 substituents
independently selected at each occurrence thereof from
the group consisting of: Ci-C alkyl, halogen, -CN, -OR
9,-NR 9R10, and phenyl, which is optionally
substituted from 1 to 3 times with a substituent
selected from the group consisting of: halogen, cyano,
C1-C4 alkyl, C1-C4 haloalkyl, or C1-C4 alkoxy, -CN,
and -OR 9; R4 is H, halogen, -OR 11, -S(O) nR12, -CN,
-C(O)R 12, -C(O)NR 1 1R12 -NR 9R10, C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, or C4-C7
cycloalkylalkyl, wherein each of the C1- C6 alkyl,
C2-C6 alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, and
C4-C7 cycloalkylalkyl is optionally substituted with
from 1 to 3 substituents 



independently selected at each occurrence thereof from
the group consisting of: C1-C3alkyl, halogen, -CN, -OR
9,-NR 9R10, and phenyl, which is optionally
substituted from 1 to 3 times with a substituent
selected from the group consisting of: halogen, C1-C4
alkyl, C1-C4 haloalkyl, C1-C4 alkoxy,-CN, and -OR 9;
or R4 is phenyl, naphthyl, indenyl, pyridyl,
pyrimidinyl, pyridazinyl, pyrazinyl, [l,2,4]triazinyl,
[l,3,5]triazinyl, triazolyl, furanyl, thiophenyl,
pyranyl, indazolyl, benzimidazolyl, quinolinyl,
quinazolinyl, quinoxalinyl, phthalazinyl, cinnolinyl,
isoquinolinyl, thienyl, imidazolyl, thiazolyl,
benzthiazolyl, purinyl, isothiazolyl, indolyl,
pyrrolyl, oxazolyl, benzofuranyl, benzothienyl,
benzthiazolyl, isoxazolyl, pyrazolyl, oxadiazolyl,
thiadiazolyl, 3-oxo-[l,2,4]triazolo[4,3- ]pyridinyl,
imidazo[l,2- ]pyridinyl, pyrazolo[l,5- a]pyridinyl,
[l,2,4]triazolo[4,3- ]pyridinyl,
thieno[2,3-&]pyridinyl, thieno[3,2- ]pyridinyl,
lH-pyrrolo[2,3-&]pyridinyl, or other heterocycles
optionally substituted with substituents ( 1 to 4 in
number) as defined below in R14 ; R5 and R6 are each
independently selected from H, halogen, C1-C alkyl, or
C1-C4 alkoxyalkyl; R7 is H or C1-C6 alkyl; R8 is H,
halogen, -ORy, -SRy -CN, C1-C alkyl, -CN, or -NR9yRt
1i 0u;. R14 is independently selected at each
occurrence from a substituent selected from the group
consisting of: halogen, -NO 2, -OR 11, -NR 11R12 , -NR
1 1C(O)R12 , - NR11C(O)2R12 , -NR 11 C(O)NR12R13,
-S(O) n R12, -CN, -C(O)R 12, -C(O)NR 11R12, C1- C6
alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl,
and C4-C7 cycloalkylalkyl, where C1-C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C6 cycloalkyl, and C4-C7
cycloalkylalkyl are optionally substituted with 1 to 3
substituents independently selected at each occurrence
from the group consisting of: C1-C3 alkyl, halogen,
aryl, - CN, -OR 9, and -NR 9R10 . [0044] Another
embodiment of the present invention relates to the
compound of Formula (I) where: X is benzofuran-2-yl,
5-chloro-benzofuran-2-yl, 4-fluoro-benzofuran-2-yl,
5-fluorobenzofuran- 2-yl, 5-methoxy-benzofuran-2-yl,
6-fluoro-benzofuran-2-yl, 7-fluorobenzofiiran-2-yl,
7-methoxy-benzofuran-2-yl benzofiiran-3-yl,
benzofuran-4-yl, benzofuran-5-yl, benzofuran-6-yl,
benzofuran-7-yl, 2,3-dihydro-benzofuran-5-yl,
benzo[6]thiophen-2-yl, 4-chloro-benzo[ ]thiophen-2-yl,
4-fluoro-benzo[ ]ihiophen- 2-yl, 4-methoxy-benzo[
]thiophen-2-yl, 5-chloro-benzo[ b]thiophen-2-yl,
5-fluorobenzo[ ]thiophen-2-yl,
6-chloro-benzo[6]thiophen-2-yl,
6-fluoro-benzo[&]thiophen-2- yl,
7-chloro-benzo[Z?]thiophen-2-yl,
7-fluoro-benzo[b]thiophen-2-yl, 1,1-dioxo-lHl
l6-benzo[ ]thiophen-2-yl, benzo[ ]thiophen-3-yl,
benzo[Z?]thiophen-4-yl, benzo[ ]thiophen-5-yl,
2-methylbenzo[ ]thiophen-5-yl,
2-chloro-benzo[6]ihiophen-5- yl,
3-trifluoromethyl-benzo[ ]thiophen-5-yl,
4-cyano-benzo[ ]thiophen-5-yl5Amethoxy- benzo[
]thiophen-5-yl, 4-hydroxy-benzo[ ]thiophen-5-yl,
4-methylbenzo[ 6]thiophen-5-yl, l,l-dioxo-l H-l
l6-benzo[ ]thiophen-5-yl, benzo[6]thiophen- 6-yl,
2-chloro-benzo[fe]thiophen-6-yl,
3-trifluoromethyl-benzo[ ]thiophen-6-yl, 7-
methoxy-benzo[ ]thiophen-6-yl, 7-hydroxy-benzo[
]thiophen-6-yl, 7-methylbenzo[ ]thiophen-6-yl,
l,l-dioxo-l H-l l6-benzo[Z?]thiophen-6-yl,
benzo[&]thiophen- 7-yl, l -indazol-1-yl, l
-indazol-3-yl, lH-indazol-4-yl, l -indazol-5-yl,
1-methylindazol- 5-yl, 6-methoxy-liJ-indazol-5-yl,
7-methoxy-l H-indazol-5-yl, 7-fluoro-l - indazol-5-yl,
7-chloro-l -indazol-5-yl, 7-methoxy-li/-indazol-5-yl,
l -indazol-6-yl, l-methyl-indazol-6-yl,
7-fluoro-li7-indazol-6-yl, l -indazol-7-yl,
indol-1-yl, 1- methyl-indol-2-yl, liJ-indol-2-yl,
7-fluoro-l -indol-2-yl, l -indol-3-yl, l/i-indol-4-
yl, lH-indol-5-yl, l-methyl-indol-5-yl, 7-fluoro-l
H-indol-5-yl, lH-indol-6-yl, 1- methyl-indol-6-yl,
7-fluoro-l r-indol-6-yl, 2H-isoindol-l-yl,
2H-isoindol-2-yl, 2 - isoindol-4-yl, 2 -isoindol-5-yl,
indolizin-1-yl, indolizin-2-yl, indolizin-3-yl,
indolizin-5-yl, indolizin-6-yl, indolizin-7-yl,
indolizin-8-yl, benzooxazol-2-yl, benzooxazol-4-yl,
benzooxazol-5-yl, 2-methyl-benzooxazol-5-yl,
benzooxazol-6-yl, 2-methyl-benzooxazol-6-yl,
benzooxazol-7-yl, benzothiazol-2-yl,
benzothiazol-4-yl, benzothiazol-5-yl,
2-methylbenzothiazol-5-yl, benzothiazol-6-yl, 2-
methylbenzotbiazol-6-yl, benzothiazol-7-yl,
benzoisothiazol-4-yl, benzoisothiazol-5- yl,
benzoisothiazol-6-yl, benzoisothiazol-7-yl,
benzoisoxazolyl -4-yl, benzoisoxazolyl -5-yl,
benzoisoxazolyl-6-yl, benzoisoxazolyl -7-yl,
imidazo[l,2- ]pyridine-2-yl, imidazo[l ,2-
]pyridin-6-yl, imidazo[l ,2-a]pyridine-7-yl,
pyrazolo[l ,5-a]pyridine-2- yl, pyrazolo[l,5-
]pyridin-5-yl, pyrazolo[l,5- a]pyridin-6-yl,
[l,2,4]triazolo[4,3- a]pyridin-6-yl, thieno[2,3-
b]pyridin-2-yl, [l,2,4]triazolo[4,3-
]pyridin-7-yl,thieno[2,3-]pyridin-6-yl,
thieno[2,3-&]pyridin-5-yl, thieno[3,2-]pyridin-2-yl,
thieno[3,2- ]pyridin-5-yl, thieno[3,2- ]pyridin-6-yl,
l -pyrrolo[2,3- ]pyridm-2-yl, lH-pyrrolo[2,3-
]pyridin-5-yl, l -pyrrolo[2,3- ]pyridin-6-yl, 3
-inden-5-yl, indan- 5-yl, naphthalen-1-yl,
4-methyl-naphthalen-l-yl, naphthalen-2-yl,
1-fmoronaphthalen- 2-yl, l-chloro-naphthalen-2-yl,
l-methoxy-naphthalen-2-yl, 1-methylnaphthalen- 2-yl,
3-fluoro-naphthalen-2-yl, 3-chloro-naphthalen-2-yl,
3-methoxynaphthalen- 2-yl, 3-cyano-naphthalen-2-yl,
4-fluoro-naphthalen-2-yl, 4-chloronaphthalen- 2-yl,
4-methyl-naphthalen-l-yl, 5-fluoro-naphthalen-2-yl,
5-chloronaphthalen- 2-yl, 5-cyano-naphthalen-2-yl,
5-methyl-naphthalen-2-yl, 6-methoxynaphthalen- 2-yl,
6-chloro-naphthalen-2-yl, 6-fluoro-naphthalen-2-yl,
6-cyanonaphthalen- 2-yl,
6-methanesulfonyl-naphthalen-2-yl,
7-methoxy-naphthalen-2-yl, 7- chloro-naphthalen-2-yl,
7-fluoro-naphthalen-2-yl, 7-cyano-naphthalen-2-yl, 8-
methoxy-naphthalen-2-yl, 8-chloro-naphthalen-2-yl,
8-fluoro-naphthalen-2-yl, 8- cyano-naphthalen-2-yl,
5,6,7,8-tetrahydro-naphthalen-2-yl, 2-quinolinyl,
3-quinolinyl, 6-quinolinyl, 7-quinolinyl,
1-isoquinolinyl, 3-isoquinolinyl, 6-isoquinolinyl, 7-
isoquinolinyl, 2-quinoxalinyl, 6-quinoxalinyl,
2-quinazolinyl, 2-quinazolinyl, 6- quinazolinyl,
7-quinazolinyl, 3-cinnolinyl, 6-cinnolinyl,
7-cinnolinyl, 6-phthalazinyl, 2 -chromen-3-yl, or
8,9-dihydro-7 -benzocyclohepten-6-yl; R1 is H, methyl,
ethyl, or isopropyl; R2 is H5methyl, or gem-dimethyl;
R3 is H, methyl, hydroxy, methoxy, fluoro, chloro, or
CN; R4 is H, C1-C6 alkyl, fluoro, chloro, -OR11,
morpholin-4-yl, 2,6-dimethyl-morpholin- 4-yl,
piperazin-1-yl, 4-methyl-piperazin-l-yl,
piperidin-1-yl, ryrrolidin-1-yl, morpholin-4-ylmethyl,
1-methyl-1 -morpholin-4-ylethyl,
1-morpholin-4-ylcyclopropyl, piperidin-1-ylmethyl,
pyrrolidin-1-ylmethyl, dimethylaminomethyl, 1-
dimethylamino- 1-methyl ethyl,
1-dimethylamino-cyclopropanyl, methylaminomethyl,
1-methyl-1-methylaminoethyl,
1-methylamino-cyclopropyl, aminomethyl, 1-amino- 1-
methylethyl, 1-aminocyclopropyl, methanesulfonyl or
-CN; orR4 is phenyl, 2-chlorophenyl, 3-chlorophenyl,
4-chlorophenyl, 2-cyanophenyl, 3- cyanophenyl,
4-cyanophenyl, 2-fluorophenyl, 3-fluorophenyl,
4-fluorophenyl, 2,5- difluorophenyl,
3,5-difluorophenyl, 2,4-difluorophenyl,
2,6-difluorophenyl, 2- methoxyphenyl, 3-methoxyphenyl,
4-methoxyphenyl, 4-dimethylaminophenyl, 2-
methylsufonylphenyl, 3-methylsufonylphenyl,
4-methylsufonylphenyl, 2- trifuoromethylphenyl,
3-trifuoromethylphenyl, 4-trifuoromethylphenyl,
furan-2-yl, 4- methyl-furan-2-yl, 5-methyl-furan-2-yl,
furan-3-yl, thiophen-2-yl, thiophen-3-yl, 3,5-
dimethyl-isoxazol-4-yl, pyridin-2-yl,
3-methyoxy-pyridin-2-yl, 4-methoxy-pyridin-2- yl,
3-methyl-pyridin-2-yl, 4-methyl-pyridin-2-yl,
6-methyoxy-pyridin-2-yl, pyridin- 3-yl,
2-methoxy-pyridin-3-yl, 6-methoxy-pyridin-3-yl,
pyridin-4-yl, pyrimidin-4-yl, pyrimidin-2-yl,
pyrimidin-5-yl, pyrazin-2-yl, 3-methyl-pyrazin-2-yl,
5-methylpyrazin- 2-yl, 6-methyl-pyrazin-2-yl,
3-methoxy-pyrazin-2-yl, 5-methoxy-pyrazin-2- yl,
6-methoxy-pyrazin-2-yl, 6-ethyl-pyrazin-2-yl,
6-trifluoromethyl-pyrazin-2-yl, 



pyridazin-3-yl, 5-methylpyridazin-3-yl,
6-methylpyridazin-3-yl, 6-dimethylaminopyridazin-
3-yl, 6-methylamino-pyridazin-3-yl,
6-aniino-pyridazin-3-yl, 6-morpholin-
4-yl-pyridazin-3-yl, 6-trifluoromethyl-pyridazin-3-yl,
6-cyano-pyridazin-3-yl, pyridazin-4-yl, 2-quinolinyl,
3-quinolinyl, 6-quinolinyl, 7-quinolinyl,
1-isoquinolinyl, 3-isoquinolinyl, 6-isoquinolinyl,
7-isoquinolinyl, [l,3,5]triazin-2-yl,
[l,2,4]triazin-3- yl, [l,2,4]triazin-5~yl,
[l,2,4]triazin-6-yl, cinnolin-3-yl, phthalazin-1-yl,
phthalazin-7- yl, quinoxalin-2-yl, quinoxalin-6-yl,
quinazolin-2-yl, quinazolin-4-yl, quinazolin-6-yl,
qu.inazolin-7-yl, 3-oxo-[l,2,4]triazolo[4,3-
a]pyridin-2-yl, or 2-oxo-2H-pyridin-l-yl; R5 is H,
fluoro, chloro, methyl, -OH, or methoxy; R6 is H;
fluoro, chloro, methyl, -OH, or methoxy; R7 is H; and
R8 is H, fluoro, chloro, -OH, -CN, methyl, or ethyl.
[0045] Another embodiment of the present invention
relates to the compound of Formula (I) where the
carbon atom designated * is in the R configuration.
[0046] Another embodiment of the present invention
relates to the compound of Formula (I) where the
carbon atom designated * is in the S
configuration.[0047] Another embodiment of the present
invention relates to a mixture of stereoisomers
compounds of Formula (I) where the carbon atom
designated * is in the S or R configuration. [0048]
Within these embodiments, the selection of a
particular preferred substituent at any one of R R8
does not affect the selection of a substituent at any
of the others of R R8. That is, the specific compounds
provided herein have any of the specific sbstituents
at any of the positions. For example, as described
hereinabove, R1 is preferably C1-C alkyl; the
selection of R1 as any one OfC1, C2, C3, C4, C5 or C6
alkyl, does not limit the choice of R2 in particular
to any one of H3C1-C6 alkyl, or C1- 0 C6 haloalkyl.
Rather, for R1 as any OfC1, C2, C3, C4, C5 or C6
alkyl, R2 is any of H, Ci, C2, C3, C4, C5 or C6 alkyl
or C1, C2, C3, C4, C5 or C6 haloalkyl. Similarly, the
selection of R2 as any of H, C1, C2, C3, C4, C5 or C6
alkyl or C1, C , C3, C4, C5 or C6 haloalkyl does not
limit the selection of R3 in particular to any one of
H, halogen, -OR11, -S(O)nR12, -CN, -C(O)R 12, C1 -C6
alkyl, C3 -C6 cycloalkyl, C4 -C7 5 cycloalkylalkyl, or
substituted C4 -C7 cycloalkylalkyl. [0049] Other
specific compounds of the invention are those with the
following substituents: TABLE A 0A METHOD FOR REFINERY
FOULANT DEPOSIT CHARACTERIZATION BACKGROUND OF THE
INVENTION [0001] The present invention is a method to
identify the chemical composition of an unknown
refinery solid foulant deposit. This invention
provides a procedure, which enables refinery and
support laboratory personnel to better coordinate the
diagnosis and solution of the most common hydrocarbon
fouling problems in refining by having an accurate
understanding of what the foulant material is.
Although the examples used in this report focus on
refining, the protocol described is also fully
applicable to chemical plant and upstream unit fouling
analyses. [0002] Petroleum refining includes a number
of different method units. Fouling of a method unit is
caused by the accumulation of an unexpected phase in a
method unit. This phase is often a solid that
accumulates on the surfaces of the method equipment
that is designed to handle flowing liquids or gases.
[0003] Even low amounts of foulant increase energy
costs by reducing the heat efficiencies. Moderate
fouling decreases the efficiency of the method unit
while high fouling reduces flow and increases pressure
drop until the unit needs to be shut down for
cleaning. More severe fouling can and has resulted in
unplanned unit shut downs. SUMMARY OF THE INVENTION
[0004] The present invention is a method to identify
the chemical composition of an unknown refinery solid
foulant deposit. Such an invention is needed for one
to determine the cause of the fouling problems by
hydrocarbonstreams in petroleum refining. The
invention is based upon compositional analysis of the
foulant deposit recovered from the fouled unit and on
knowledge of the most common causes of refinery
fouling.. A standard protocol for determining such
compositions of unknown materials does not exist and
is needed for mitigation of said fouling. Once the
composition of the foulant deposit is determined,
possible mitigation methods can be proposed. The
refinery then can select the most cost-efficient
mitigation strategy that best meets the need. [0005]
Because fouling is such a broad and dispersed subject
with causes crossing many technological and method
boundaries, it is essential that the analysis of a
root cause be based on a consistent and repeatable
work method. Only in this way, can what is learned
from one plant or method unit be shared / compared to
establish similar root causes and associated
mitigation techniques. The lack of this common thread
of data sharing has been an impediment to experience
sharing in the past. [0006] The method to identify the
refinery solid foulant of unknown composition include
the following steps: obtaining a solid foulant sample,
removing trapped feed from the sample with a solvent
to obtain an insoluble sample, scanning the insoluble
sample with a scanning electron microscope and energy
dispersive x-rays, performing a thermal gravimetric
analysis, including an ash test on the insoluble
sample to determine the relative amounts of polymer,
coke and/or inorganic elements, performing an
elemental analysis on the insoluble sample for the
elements carbon, hydrogen, sulfur, nitrogen, halogens,
and metals to quantify each element, performing
optical microscopy on the insoluble sample to
determine the presence of wax, asphaltenes,
anisotropic coke and isotropic coke, and thereby
identify the chemical composition of the solid foulant
deposit.BRIEF DESCRIPTION OF THE DRAWINGS [0007]
Figure 1 is a flow diagram of the analysis of solid
foulant. [0008] Figure 2 shows a representative
fouling deposit from a fouled refinery pre-heat train
exchanger in Example 1. [0009] Figure 3(a) shows a
scanning electron microscope (SEM) picture of the
deposit in Example 1. [0010] Figure 3(b) shows an
energy dispersive x-ray (EDX) scan along the scan line
of Figure 4. [0011] Figure 4 shows the identity of the
major elements from SEM/EDX scan of Example 1.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0012] The present invention is a method to identify
the chemical composition of an unknown refinery
fouling deposit. [0013] The basis of the present
invention is that most refinery fouling is the result
of some more common causes that can be detected and
verified by determining the chemical composition by
standardized analytical testing. Fouling causes can be
divided into five general classes with refinery
examples under each class:1. Scaling: precipitation of
salts from water solution onto heat transfer surfaces.
a. Sea salts from crude oil containing dispersed water



b. Salt or scale deposition from treated/untreated
cooling system water 2. Corrosion Fouling: the
reaction of the heat transfer surface to form
corrosion products. a. Iron sulfide formation by
reactive sulfur or hydrogen sulfide b. Iron
naphthenate formation by naphthenic acids in the oil
and possible subsequent reactions with hydrogen
sulfide to form iron sulfide 3. Precipitation Fouling:
formation of an insoluble phase by cooling, by mixing
two or more streams, or by breaking an emulsion within
the fouled unit. a. By Cooling i. Wax deposition by
cooling below the freezing temperature of high
molecular weight paraffins ii. Asphaltene deposition
by cooling converted resid, such as by Visbreaking(tm)
or Residfining(tm)b. By Blending i . Mixing
incompatible oils in the wrong proportions that can
result in the precipitation of asphaltenes or waxes.
c. By Breaking an Emulsion i . Breaking a hydrocarbon
in water emulsion, such as by heating 4. Chemical
Reaction Fouling: formation of an insoluble phase by
chemical reaction between components in the fluid. a.
Thermal Coking (asphaltene insolubility during thermal
cracking) b. Polymerization of conjugated olefins c.
Aromatic Growth d. Oxidation e. Ammonium Chloride,
Bisulfide, etc. formations f . Others 5. Particulate
Fouling: dispersed particles formed upstream and
carried over to and deposited within the fouled unit.
a. Coke b. Asphaltenes c . Iron Sulfide d. Catalyst
Fines e. Others [0014] Fouling often results from a
combination of and/or a series of these causes. Hence,
characteristics have been determined which can
identify each of these common causes of fouling based
on the chemical composition of thedeposit. As a
result, a sequence of analytical tests for the foulant
recovered from the fouled unit were designed to
diagnose the cause(s) of fouling. [0015] It is
extremely important that accurate records are made of
the location and approximate quantity of foulant as
well as method conditions during and before the
fouling was noticed. Pictures of the foulant on the
unit are also very helpful. Important method
conditions needed for the root-cause determination
include temperature, pressure, flow rate (residence
time), source of the method fluids, details on the
geometry of the unit, and metallurgy of the method
unit. Is this a first occurrence of fouling for the
unit? When did fouling begin? When and what were the
method upsets of the unit? These kinds of questions
about the method unit should be answered as part of
the method history. If the method history suggests
possible fouling causes, they should be noted. [0016]
For example, if a foulant is obtained from a heat
exchanger, it is important to know if the sample came
from within the tubes, on the tubesheet face, or on an
unheated surface of the channel box. This knowledge,
which implies surface temperatures, metallurgy, and
velocity factors, can provide valuable clues to the
foulant source compared to just stating that the
foulant was retrieved from a particular exchanger.
[0017] Care should be taken to ensure that the foulant
sample is representative and not contaminated by
collection or flushing procedures. If it is also clear
that there are different types of foulants, they
should each be sampled. Ideally, about 100 grams of
foulant should be collected for each sample. If this
is not possible, as much sample as possible should be
collected (much can be learned from even one gram of
sample). The sample should be stored in a closed
container until analysis is made.ANALYSIS OF SOLID
FOULANT SAMPLES [0018] A flow diagram in Figure 1
shows the procedure for analyzing solid foulant
samples. Descriptions of each of the analytical tests
are given in Appendix I . The first step is to allow
10 to 25 grams of the sample to soak for at least four
hours in toluene, or other solvent with similar
solvent capability, to dissolve trapped feed from the
foulant. After filtration, the remaining solids are
washed with additional solvent until a clear filtrate
is obtained. The insoluble solids are then dried in a
vacuum oven at 700C (158F) for at least 1-2 hours. If
the entire foulant dissolves in the solvent, the
procedure should be repeated on another sample of the
foulant replacing toluene with n-heptane to obtain
insoluble asphaltenes. This washing procedure is
important so that subsequent results can be ascribed
to the foulant rather than a mixture of foulant and
trapped feed. [0019] It is important that a
homogeneous sample be obtained prior to the TGA and
elemental/metals analyses. This can be achieved by
grinding the foulant sample to -60 mesh and mixing
thoroughly before the analytical tests are carried
out. Often this is best done after the toluene
extraction. However, if the foulant is a hard,
granulated solid (not paste-like), this may be done
before toluene washing. [0020] Before the above
grinding and homogenizing of the entire sample, a
toluene insolubles, unground portion of the foulant is
subjected to scanning electron microscopy (SEM) and
energy dispersive x-ray (EDX) to first qualitatively
identify the elements present and their association
with each other. SEM is an essential step for this
method. This information is used to identify which
elements are needed for subsequent quantification on
the toluene insoluble, ground and homogenized sample
to determine the amount(s) ofdifferent materials that
may be present in the foulant deposit - as per the
steps of Figure 1. [0021] The first part of the
analysis step is to determine how much of the
insoluble foulant is due to inorganics (metals, salts,
corrosion products, etc.) and how much is due to
organics (high molecular weight waxes, coke, etc.).
Inorganic Fouling [0022] The initial step after the
SEM and EDX is to determine how much of the insoluble
sample is due to inorganics. This can be achieved with
an elemental analysis for carbon, hydrogen, sulfur,
nitrogen, chlorine (halogens) and metals contents and
ash test, which is part of the thermal gravimetric
analysis (TGA). Analysis for oxygen and other elements
may also be done if the other elements add up to
significantly less than 100% (90 % or lower) or if
there is reason to suspect that they are present.
[0023] If the sample contains 10-15 wt.% or greater
inorganics and it is confirmed that it was not part of
the metal surface of the unit removed with the
foulant, inorganic fouling should be addressed first.
Although there can be more than one cause, the
deposition of inorganics can also promote the
deposition of 



organics by allowing for increased surface areas for
asphaltenes, for example, to lay down and thermally
degrade to coke. Elemental analysis will suggest if
the primary cause is due to iron sulfide (common), sea
salts, ammonium chloride, aluminum silicate or others.
Organic Fouling [0024] If the toluene-insoluble
portion of the foulant sample is less than 10- 15 wt.%
inorganic, the bulk of the foulant may be due to coke
or high molecular weight waxes. The cause of the
organic fouling should be determined.[0025] The
composition of the inorganics may be used to trace the
origin of the organic fouling precursors. For example,
vanadium and nickel are naturally connected to
organics as porphyrins and are soluble in crude oils
and resids. Thus, these metals can indicate entrained
resid in a gas oil stream for example. Nevertheless,
the next step is to determine by optical microscopy,
using crosspolarized light, whether the foulant is
isotropic (unordered) or anisotropic (ordered) coke.
One determines whether or not the coke is ordered or
unordered by the patterns observed with the
microscope. For example, the anisotropic (ordered)
coke exists as distinct patterns of varying shapes or
types, while the isotropic (unordered) has no
distinguishable formation patterns. [0026] Anisotropic
coke derived from carbonaceous mesophase shows that it
was formed by thermal cracking followed by phase
separation of insoluble asphaltenes, such as the
coking of resid. If the coke is isotropic, a possible
cause is the initial polymerization of conjugated
olefins. The presence of significant volatiles below
3700C (700 0F) in thermal gravimetric analysis (TGA)
may be an indication that the cause is polymerization.
The other indication is that polymerization usually
occurs in condensed liquid products of thermal
cracking (such as from cokers) after being held at
232-324C (450-615 0F). Asphaltenes can also become
insoluble by blending oils containing asphaltenes with
oils high in saturates or cooling a thermally
converted oil, such as a Visbreaker(tm) tar. TGA
volatiles between 5OO-8OOC (932-l,472F) are typically
observed when coke exists in the deposit. During
combustion with oxygen at 8000C (1,472F), additional
coke is 'volatilized' from the sample, leaving only
ash which is due to metals in the deposit that now
exist in an oxide state. [0027] Finally, the hydrogen
to carbon atomic ratio (H/C = wt.% hydrogen multiplied
by 11.92 and divided by wt.% carbon) of the coke can
be roughly correlated with the temperature of
deposition This can help to determine if thecoke was
formed at a higher temperature upstream of the fouled
unit, if the temperature was higher than measured, if
the coke had been present for significant lengths of
time, or if a catalytic mechanism was involved. It is
known from the literature that asphaltenes have atomic
ratios in the 1.0-1.2 range, coke materials have lower
H/C ratios while waxes can be as high as 2.0. It is
also important to correlate H/C ratios with findings
from microscopy. The H/C ratio is an average value of
the homogenized sample, which may contain different
types of coke. [0028] If the foulant is soluble in
toluene, but insoluble in n-heptane, it is an
asphaltene by definition. Thus, it is formed by one of
the two mechanisms discussed above but was not heated
enough to degrade to coke (coke is defined as toluene
insoluble). While it is usually clear from the method
conditions which mechanism applies, a general
indication that the asphaltenes were thermally cracked
is that they have an atomic H/C ratio less than one.
[0029] Key characteristics used to identify common
causes of fouling in refinery foulant sample, and
guidance on how to trace them are summarized in Table
1.TABLE 1 Ke Characteristics to Identif and Trace
Common Causes of Fouling Example 1 [0030] The method
of the present invention was applied to a fouling
deposit from a fouled refinery pre-heat train
exchanger. Figure 2 shows a pictorial of the fouling
deposit. Figures 3a and 3b show an SEM scan and the
element map of the deposit. Figure 4 shows the major
elements to quantify from the SEM/EDX scan. Table 2
gives the analytical results on this fouling deposit.
The resulting overall composition of this deposit was
found to be predominately calcium carbonate and iron
sulfide with lesser amounts of other salts.TABLE 2
Analytical Results on Foulant Deposit Example 1
Location Tubeside Extraction Data Toluene Insol. OU
Wt.% 100 0 SOLIDS ANALYSIS Elements Wt.% Carbon 10.38
Hydrogen < 0.5 Nitrogen < 0.5 Total S 7.96 6.25
Pyritic S 1.37 Organic S 0.34 Sulfate s C as CO3 9.43
Fe 6.33 Al 0.10 Ca 25.30 Mg 1.76 Mn 1.21 Zn 0.52 O as
CO3 37.72 TGA Data Wt. % Relative volatiles < 370 0C
0.0 Total wt. loss to 500 0C 1.0 Total wt. loss to 800
0C 27.0 Combustion loss (at 800 0C) 0.0 Ash
73.0APPENDIX I ANALYTICAL TESTS [0031] The analytical
tests used for the analyses of solid foulants are
listed below with known, established procedure method
information. These tests are more typically carried
out on the toluene-insoluble fractions of solid
foulants, which have also been ground to below 60 mesh
and homogenized. Added notes on some of these tests
are provided below. a) It is recommended that for
nitrogen contents below 0.5 wt.%, the more accurate
measurement should be made using the Kjeldahl
technique. b) TGA heats a representative sample from
30 to 8000C under an inert atmosphere (nitrogen or
argon) while measuring wt.% losses as a function of
temperature. Oxygen is then introduced at 8000C for
complete combustion and ash content (inorganics)
measurements. c) Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES), Flame Atomic
Absorption (FLAA), Cold Vapor Atomic Absorption
(CVAA), or Graphite Furnace Atomic Absorption
(GFAA).d) Nuclear Magnetic Resonance (l C) can be used
if one needs to determine 



the ratio of aromatic to aliphatic carbon. e) Melting
points should be measured when high atomic H/C
foulants (waxes) have been identified. f) Identifies
specific crystalline phases of inorganic components
such as the type of iron sulfide present in corrosion
scale. XRD can also be used to find the degree of
graphitization in anisotropic coke. g) Optical
microscope samples are prepared by embedding the
washed solid foulant in epoxy, followed by a series of
standard grinding and polishing procedures. The highly
polished cross-section of each foulant sample is then
examined under cross- polarized light. Observations to
be made on the sample include general morphology,
particle size, degree of anisotropy, reflectance,
porosity and inclusions (e.g., metal sulfides).
Calculations Wt. %Oxygen/Unknowns (diff.): 100 - (% C
+ %H + %N + %S + %Cl + %Metals) Atomic H/C Ratio: Wt.
% Hydrogen x 12.011 (atomic wt. O atomic H/C ratio Wt.
% Carbon 1.008 (atomic wt. H) Transmission Optical
Microscopy [0032] This test requires a laboratory
microscope that can magnify to 250X and preferably to
400X. For several uses the ability to observe in
transmitted cross-polarized light is required. To
identify anisotropic coke in cross-polarized light, an
intense light source, such as a halogen or a xenon
lamp, may be required. Although most uses provide only
qualitative information, transmission microscopy
impart can impart much insight as to the causes of
fouling.[0033] The most useful application is
observing a representative drop of the oil or other
liquid entering and leaving a fouled method unit. The
drop is placed on a clean microscope slide and covered
by a cover slip slide. First at IOOX focus the
microscope on the resulting liquid film and determine
if there are any insoluble particles or liquids. One
should look for many particles or insoluble liquids
over the entire view and not a few isolated specs. If
none are seen under normal light, the next step is to
examine the sample under cross-polarized light. Wax
particles are clear in normal light but show up as
bright white in crosspolarized light. Most wax does
not cause fouling because it dissolves on heating near
its melting point. However, if the solid foulant is
identified as containing a large fraction of wax,
observing wax in the feed or product of a fouled unit
is significant. If a large number of particles or
insoluble liquids are observed, focus on one and use
the maximum magnification to identify with the
following characteristics: Fouling Cause
Characteristics Under Microscope 1. Wax Clear in
normal light. Bright plates or needles under
cross-polarized light. 2. Asphaltenes Agglomerates of
small particles to form brownish, curved chains in
normal light and dark under cross-polarized light. 3.
Anisotropic Coke Black particles in normal light but
orange with black brushes in cross-polarized light
that move when the microscope stage is rotated. 4.
Isotopic Coke Black particles in both normal light and
crosspolarized light. 5. Iron Sulfide Black particles
in both normal light and crosspolarized light. 6. Salt
Clear cubic shaped crystals in normal light. 7. Water
Drops Spherical, clear regions that turn color when
sample is blended with a water-soluble dye.[0034]
Reflected optical microscopy of polished surfaces of
solid foulants is the best method to identify
foulants. However, this requires more expertise than
using transmitted light. Thus, an alternative is to
break up the foulant and disperse it in a liquid of
low volatility, such as hexadecane, 1-methyl
naphthalene, o-dichlorobenzene or quinoline. The same
characteristics as above can be used to identify the
foulant as well as for the solubility behavior in
these liquids. For example, asphaltenes are insoluble
in hexadecane but soluble in the other three
liquids.CLAIMS: 1. A method to identify a refinery
solid foulant of unknown composition comprising a)
obtaining a foulant sample, b) removing trapped feed
from said sample with a solvent to obtain an insoluble
sample, c) scanning said insoluble sample with
scanning electron microscopy and energy dispersive
x-rays, d) performing a thermal gravimetric analysis
including an ash test on the insoluble sample to
determine the presence of polymer, coke and inorganic
elements, e) performing an elemental analysis on the
insoluble sample for the elements carbon, hydrogen,
sulfur, nitrogen, halogens, and metals, f) performing
an optical microscopy on the insoluble sample to
determine the presence of wax, asphaltenes,
anisotropic coke and isotropic coke, and g)
identifying the composition of the solid foulant. 2.
The method of claim 1 wherein said step of removing
trapped feed from said sample is performed with the
solvent toluene, xylenes, methylene chloride or
combinations thereof.3. The method of claim 1 wherein
said thermal gravimetric analysis is performed by
determining volatiles up to about 3700C, non-volatiles
between 5OO-8OOC, and ash after burn. 4. The method of
claim 1 wherein said elemental analysis includes
determining the atomic H to C ratio for said elements.
5. The method of claim 1 wherein said step of optical
microscopy is performed using cross-polarized light.
6. The method of claim 1 further comprising the step
of performing a nuclear magnetic resonance on said
sample. 7. The method of claim 1 further comprising
the step of measuring the melting points of said
sample. 8. The method of claim 1 wherein said step of
performing said optical microscopy is carried out by
embedding said sample in epoxy. 9. The method of claim
1 wherein said of performing said optical microscopy
is carried out to determine if coke that is present is
ordered or unordered. 


