
INHIBITORS OF THE CHEMOKINE RECEPTOR CxCR3 FIELD OF
THE INVENTION This invention is directed to a 3-(amido
or sulphamido)-4-(4-substituted-azinyl)benzamide
compound as defined herein. 3-(amido or
sulphamido)-(4-substituted-azinyl)benzamide compound
is useful as a inhibitor of the chemokine receptor
CxCR3, and for preventing or treating a CxCR3
chemokine receptor mediated disease or condition
related thereto in a patient in need of such.
BACKGROUND OF THE INVENTION Chronic inflammatory
disorders are a common medical problem, and their
incidence increases with aging. The best recognized
inflammatory disorder associated with aging is
arthritis, a syndromic concept that embraces distinct
disorders such as osteoarthritis (e.g. of the knees)
and rheumatoid arthritis (e.g., the joints of the
fingers). Apart from arthritis, there are other
diseases that present with less obvious signs of
inflammation. These include chronic obstructive
pulmonary disease (COPD), which is a syndromic
designation mainly comprised of emphysema, chronic
bronchitis and asthma, a disorder of relapsing and
remitting neural dysfunction, multiple sclerosis (MS),
arteriosclerosis, psoriasis, a desquamating skin
condition, and inflammatory bowel disorders (IBD) such
as Crohn's disease and ulcerative colitis, both
debilitating conditions affecting the upper and lower
intestinal tract, respectively. Ulcerative colitis,
moreover, is a risk factor for the evolution of
colorectal cancer, a leading cause of terminal
morbidity and mortality among industrial populations.
Being hidden from view, these conditions are not
typically known by lay people to be inflammatory in
nature, yet pathologists have long demonstrated
inflammatory processes in each of these. T-lymphocytes
are important players in all of these diseases
(Westermann, et al, Ann. Intern. Med. 2001, 135, 279).
Many other disorders involve inflammatory phenomena,
and they will not be reviewed exhaustively here. The
gross hallmarks of inflammation have been known since
antiquity, when Roman physicians codified the four
cardinal signs, the "four ors", apparent by physical
examination: dolor, rubor, calor and tumor. Dolor is
pain, which is demonstrable while working with the
patient. Rubor is the red appearance of the affected
part, and this hyperemia is caused by the vascular
dilatation and increased perfusion of inflamed tissue.
This is the body's response tothe demands of
metabolically stimulated tissues. The dynamics of
trafficking of cellular and subcellular components
into the field of inflammation and out of it is
dramatically increased relative to the basal state,
and healing has significant costs in energy and
nutritional requirements. The affected region is
warmer to the touch than surrounding areas, and this
is a reflection of the metabolic burden tissue injury
entails. This increased metabolic demand and its
consequent supply leads to the third sign, calor, or
heat, as the tissue is warm to the touch. Finally, the
fourth cardinal sign of inflammation is tumor, or
swelling. The net effect of the inflammatory process
is an increased amount of material in the affected
part. The tissue is swollen with fluid because of
increased vascular permeability, and the blood supply
delivers a coordinated cast of cellular players such
as leukocytes, and later, fibroblasts, first to deal
with the cause of injury, and later to heal the
injured part. The traffic of cellular components into
inflamed tissue, and their behavior there are highly
regulated and orderly. It is not a haphazard process,
and the details are becoming better understood. Part
of the trafficking of inflamed tissue is a veritable
symphony of proinflammatory signaling molecules. The
cast of cellular players is controlled by factors such
as hormones, cytokines and chemokines, and these
afford opportunities for therapeutic intervention. The
recruitment of specific leukocyte subpopulations, such
as T-cells, is regulated by small proteins called
chemokines. Chemokines are a large family of small
protein hormones that are among the various factors
involved in inflammatory processes (Alexander et al,
Br. J . Pharmacol., 2007, 150 (Suppl. 1) S25). The
word chemokine is a contraction of the words chemotacc
cytokine, and this belies their role. Chemokines
attract leukocytes to areas of inflammation.
Chemokines also have other effects, modulating the
adhesion to extracellular proteins, proliferation and
secretion of other factors (e.g., interferon-g) .
Chemokines regulate diverse processes
(http://en.wikipedia.org/wiki/Chemokine ) . A major
role of chemokines is to guide cellular migration.
Cellular chemotaxis involves the movement of cells
from an area with a low concentration of chemokine, to
an area with a higher concentration of chemokine. Some
chemokines seem to be more homeostatic in function:
for example, they direct lymphocytes to the lymph
nodes, where they participate in immune surveillance
by interacting with antigen-presenting cells within
the nodes. Some chemokines have effects on
development, such as promoting or inhibiting the
growth of new blood vessels - angiogenic and
angiostatic effects. Such homeostatic chemokines seem
toregulate the trafficking of cells in a day to day
manner. Others are expressed in response to injury,
and these inflammatory chemokines generally have
chemoattractant and other actions on target leukocyte
populations. These chemokines are typically induced by
interleukin-1 or interferon- g by various types of
cells. Finally, many of the chemokines cause immune
cells to release enzymatic and other factors.
Chemokines are small proteins of about 8 to 10 kDa in
size stratified according to their protein sequence,
and different cell populations respond to them based
on the relevant receptors expressed on the cell
surface (and Pease and Williams, Br. J . Pharmacol.
2006, 147, S212). To date, at least 47 chemokines are
known, and they all have a basic "Greek key" protein
folding motif consisting of three anti-parallel
b-pleated sheets overlaid by a C-terminal a-helix.
This protein fold depends upon conserved intra-chain
disulfide bonds. The cysteines that form these bridges
are the basis for chemokine nomenclature. Chemokines
that have two consecutive cysteines near the amino
terminus involved in disulfide bridges are called CC
chemokines, and have the systematic name of CCLl
through CCI28. They bind to receptors that are
similarly named, CCRl, CCR2, etc, although the
numbering of the receptor is not the same as the
binding chemokine, and multiple chemokines can bind to
each receptor. Chemokines with an amino acid between
the first two cysteines of the amino terminus 



are called CxC chemokines. The systematic names for
these hormones and their receptors are of the type
CxCLl through CxCL16 and the cognate receptors are
CxCRl through CxCR16. While other inter-cysteinyl
spacings are plausible, the next class of chemokine
known is CX3CLI, called fractalkine, and it binds to
the receptor CX3CRI. Finally, there is at least one
member of a class of chemokines with only one cysteine
of the amino terminal region involved in a disulfide
bond, called XCLl, lymphotactin, and its receptor
XCRl. Taken altogether, there are 18 receptors known
for the 47 known chemokines. Importantly, splice
variants have now become recognized, further
subdividing the various chemokines and receptors that
can exist. For CxCR3, there are two splice variants
known: CxCR3A and CxCR3B. Chemokine receptors are 340
- 350 amino acids long, and all of them are G-protein
coupled receptors (GPCRs). GPCRs are an important
class of proteins targeted by various therapeutic
agents including small molecule drugs. There is a
long-felt need to modulate inflammation, and GPCRs are
well-known to offer tractable targets for therapeutic
intervention. Thus, there is much hope for the
selective modulation of inflammatory processes by the
use of modulators of chemokine receptors.- A - CxCR3A
receptors are predominantly expressed on activated ThI
lymphocytes, but it is also present on NK (natural
killer) cells, macrophages, DC (dendritic cells) and B
lymphocytes. CxCR3A is known to be stimulated by three
chemokines: CxCL9 (Monokine induced by interferon- g,
aka Mig), CxCLlO, (Interferon-g inducible 10 kDa
protein, aka IP- 10) and CxCLl 1 (Interferon-inducible
T-cell a-chemoattractant, aka I-TAC). The observation
of angiostatic effects of these chemokines presaged
the possibility of a different receptor subtype, and
indeed, a splice variant is discovered. CxCR3A
signaling is mediated by a pertussis toxin sensitive G
protein (Gai), which causes a flux of calcium ions.
The splice variant CxCR3B is found to be expressed on
endothelial cells and mediates angiostatic effects of
IP-10, Mig, I-TAC and Platelet Factor 4 (Lasagni et
al, J . Exp. Med. 2003, 197, 1537). Platelet Factor 4,
the first chemokine to be sequenced, has no effect on
CxCR3A, and signaling through CxCR3B causes a rise of
cAMP mediated by Gas . T lymphocytes have long been
known to function as a command and control center of
the immune system. Indeed, HIV causes AIDs by the
selective destruction of T-cell populations. Given
this central regulatory position, it is not surprising
that of 18 chemokine receptors, 15 are expressed among
the various subpopulations of T lymphocytes (Pease &
Williams Br. J . Pharmacol. 2006, 147, S212). Other
pathogens are known to subvert the chemokine system to
evade immune surveillance, suppress immune reactions
and avoid elimination. Chemokine action is undermined
by pathogens in at least four different ways: First,
by production of chemokine mimics that act as receptor
antagonists. Second, by producing chemokine mimics
that act as inappropriate agonists. Third, by
producing receptor mimics and fourth, by producing
proteins that bind and neutralize chemokine activities
(Chensue, Clin. Microbiol. Rev. 2001, 14, 821). CxCR3
and its ligands are among the factors that pathogens
usurp. Thus, Nature has found ways to exploit
chemokines to modulate functions of the immune system,
and the subject of the present invention also exploits
it. Another important property of a control element of
a physiological system is the presence of positive and
negative regulatory inputs. These balancing points of
integration are found among chemokines, too.
Eotaxin/CCLl 1 and MCP-3/CCL7, while stimulatory for
other chemokine receptors (CCR3 and CCRl,
respectively), antagonize signaling by CxCR3A, and two
other CCRs (CCR2 & CCR5). Importantly, the chemokines
that stimulate CxCR3A (IPl 0/CxCL 10, 1-TAC/CxCLl 1
and Mig/CxCL9) antagonize signaling throughCCR3
expressed on Eosinophils, Basophils and Mast cells
(Alexander et al, Br. J . Pharmacol., 2007, 150
(Suppl. 1) S25). Thus, CxCR3A and its ligands are
unique in how they are regulated and modulate the
behavior of other chemokine signaling pathways. This
receptor is at a highly interconnected node within the
network of signaling molecules that coordinate
inflammation. Indeed, the balance struck between
CxCR3A versus CCR3 signaling determines the direction
of the inflammatory response, polarizing it from
parasite-fighting, allergic responses of the Th2
(CCR3) variety or towards the cell-mediated responses
of ThI (CxCR3A) type. This accounts for the
"polarization" of the cellular component of
inflammation (Loetscher, et al, J . Biol. Chem. 2001,
276, 2986). Thus, there is a long felt need to
discover therapeutic agents that can intervene at this
part of the immune response. The highest level of
expression of CxCR3A is seen in T cells, and it is one
marker of ThI lymphocytes (Annunziato, et al, Microbes
and Infection, 1999, 1, 103; Lasagni et al, J . Exp.
Med. 2003, 197, 1537). T cells are implicated in many
diseases listed here in decreasing order of incidence:
asthma, Grave's disease, Rheumatoid arthritis, atopic
dermititis, Sjogren's syndrome, systemic lupus
erythematosis, multiple sclerosis, ulcerative colitis,
Type 1 diabetes mellitus, Crohn's disease,
sarcoidosis, primary biliary cirrhosis,
glomerulonephritis, myasthenia gravis, temporal
arteritis, and allogeneic organ transplant rejection
(Westermann, et al, Ann. Intern. Med. 2001, 135, 279).
The therapeutic potential of CxCR3A modulators now
will be illustrated by a few examples of experimental
pharmacology. CxCR3 and its ligands are associated
with inflammatory bowel disease. Antibodies to IPlO
decreased inflammation in murine models of colitis
(Singh, et al, J . Immunol. 2003, 171, 1401). Knockout
mice lacking IL-10 (IL-IO ) spontaneously develop
colitis that resembles Crohn's Disease. At about 12
weeks of age, these mice begin to lose weight, have
chronic diarrhea and circulating levels of serum
amyloid A, IL-6 and six other cytokines rise.
Treatment with an IP10-neutralizing monoclonal
antibody abrogated all of these effects. Histological
examination also revealed that the antibody
significantly reduced the extent of lymphocytic
infiltration into the colonic mucosa. In rheumatoid
arthritis, CxCR3A agonist chemokines are elevated 100
fold in synovial fluid compared to samples from
traumatic joint injury or osteoarthritis (Patel, et
al, 



Clin. Immunol., 2001, 98, 39). They also are present
in concentrations consistent with a gradient, high to
low, from synovial fluid to plasma, and 94% of
perivascular T cells expressCxCR3A on their surface
membranes, and this frequency is enriched over the 40%
of T cells with the receptor on their plasma membranes
in the blood stream. These findings are consistent
with the theory that CxCR3A-binding chemokines are
directing the recruitment of ThI type T cells to the
inflamed joints. Thus, for RA, the potential value of
intervening at CxCR3A signaling is recognized by
several authors (Houshmand & Zlotnik, Curr. Opinion
Chem. Biol. 2003, 7, 457; Proudfoot, Nature Reviews
Immunol, 2002, 2, 106). A small molecule inhibitor of
the CxCR3A system in arthritic models has been
reported. Tak779, which antagonizes CCR5 and CxCR3A
(both selectively expressed on ThI cells - Hashmand &
Zlotnick) inhibit pathology of CIA in mice (Yang, et
al, Eur. J . Immunol. 2002, 32, 2124; and Gao, et al,
J . Leukoc. Biol. 2003, 73, 273). The Collagen Induced
Arthritis (CIA) model is a well-established acute
arthritis model in mice with a course of 26 days. Mice
are immunized with collagen, and within 13 days of the
booster injection, nearly all animals have swollen red
joints in their limbs. This classical picture of
inflammation is ablated by treating CIA mice with
TAK-779, a quarternary ammonium salt of a substituted
benzocycloheptene originally developed as a drug to
block HIV infection. TAK-779 also blocked the
leukocytic infiltration of joints as determined by
histologic evaluation. Although TAK-779 is originally
developed as a CCR5 inhibitor to treat AIDS, it is
found to be a CxCR3A blocker with similar potencies as
measured in competitive radioligand binding,
chemotaxis, and cellular adhesion assays. Two other
chemokines expressed in the cell type studied by Gao
et al had no effect on these parameters. Thus, TAK-779
is a dual inhibitor for both CCR5 and CxCR3A. A small
molecule compound, AMG-487, has been tested in a
murine model of metastatic cancer (Walser, et al,
Cancer Res., 2006, 66, 7701). Interestingly, tumor
cells often aberrantly express chemokines or their
receptors. Investigators believe that this may promote
growth or affect tropism of metastatic disease. CxCR3A
is expressed in breast cancer cell lines from humans
and mice, they functionally couple to calcium
responses and impart chemotactic activity to these
cells responsive to CxCR3A-specif  c chemokines. In a
mouse model of metastatic breast cancer, AMG-487
reduced the number of metastases by 60%.
Interestingly, the compound had no direct effect on
proliferation, emphasizing that metastatic tropism and
proliferation are dissociable phenomena. Finally,
recent gene knockout experiments in mice predict
utility for CxCR3 inhibitors in the treatment of
arteriosclerosis (Veillard, et al, Circulation 2005,
112, 870). Mice lackingthe ApoE gene rapidly develop
atherosclerotic lesions in the aorta when given a high
fat diet. When the gene for CxCR3 is knocked out in
these mice, the extent of lipid deposits in the
thoracoabdominal aorta is reduced from 7.9% of the
area to 4.5%. Thus, there is good reason to believe
that modulators of CxCR3A will likely be useful for
the treatment of patients with diverse diseases.
Assorted patent applications and issued patents
discloses inhibitors of chemokines or CxCR3. WO
2002/085861, WO 2003/101970, U.S. Pat. No. 7,067,662
B2, U.S. Pat. No. 6,124,319, WO 031070242 Al and WO
2007/064553 A2 disclose respectively compounds of the
following formulae: as chemokine receptor
inhibitors.US 2007002161 1 Al, US 20070054919 Al, US
20070082913 Al, WO2008008453 Al, and WO2007/109238 Al
disclose respectively compounds of the following
formulae: as CxCR3 inhibitor. All these compounds have
a (piperdin-4-ylpiperazin-lyl)aromatic moiety core
structure. WO 2007/002742 Al discloses compounds of
the following formula: r -'An illustrative compound of
that series is as follows: Cole, et al,
J.Bioorg.Med.Chem.Lett. 16, 2006, 200-203, noted
relative to the aforesaid series that the
seven-membered homopiperazine ring is required for
activity as the piperazinyl analogue exhibited not
activity. Thus, the change of the homopiperazine ring
to a piperazine ring is taught against. SUMMARY OF THE
INVENTION The present invention relates to a 3-(amido
or sulphamido)-4-(4-substituted-azinyl)benzamide or
benzsulphonamide compound having the formula I wherein
Q and Q are independently CO or SO ; Y is CO or SO2; X
is halo; m is 1, 2 or 3; R1 is (optionally substituted
(aromatic or lower cyclyl))lower alkyl C1 3; R2, R4
and R6 are independently H or optionally substituted
lower alkyl; R3 is optionally substituted aromatic
group; A is CH or N, or A and R5 taken together form a
4-7 membered spiro azaheterocyclyl of the following
formulan and p are independently 0, 1, 2, 3, 4 or 5,
so long as n and p >2 but <5; R5 is JGZ, R8R7NQ1IoWCr
alkyl or optionally substituted 3-7 membered
azaheterocyclyl; Z is bond, CO or SO2; G is lower
alkyl, hcycloalkyl or 3-7 membered heterocyclyl; and J
is aromatic group, lower alkoxycarbonyl, lower
alkylthio, lower alkylsulfinyl, lower alkylsulfonyl,
lower alkoxy, R R N or optionally (lower alkyl or
halo) substituted 3-7 membered heterocyclyl; R7 and RS
are independently H or lower alkyl; R9 and R10 are
independently H or lower alkyl; or a pharmaceutically
acceptable salt, solvate, N-oxide, quarternary
derivative or prodrug thereof, or any combination
thereof. The invention is also directed to a
pharmaceutical composition comprising a
pharmaceutically 



acceptable amount of a compound of formula I, or a
pharmaceutically acceptable salt, solvate, Noxide,
quarternary derivative or prodrug thereof, or any
combination thereof, and pharmaceutically acceptable
additive. The invention is also directed to a method
of preventing or treating a CxCR3 chemokine receptor
mediated disease or condition related thereto in a
patient in need of such comprising administering to
the patient a pharmaceutically effective amount of the
compound of formula I, or a pharmaceutically
acceptable salt, solvate, N-oxide, quarternary
derivative or prodrug thereof, or any combination
thereof. The invention is also directed to the use of
one or more compounds of claim 1, to prepare a
medicament for treating or preventing a condition
where CxCR3 has a role in a patient in need thereof.
The present invention is also directed to a kit or
pharmaceutical pack for treating of preventing a
physiological condition or a disease state in a
patient, wherein the kit or pharmaceutical pack
comprises a plurality of separate containers, wherein
at least one of said containers contains one or more
compounds of claim 1 (alone or in combination with a
pharmaceutically acceptable carrier), at least another
of said containers contains one or more other
compounds capable of treating or preventing the
physiological condition or a disease state. DETAILED
DESCRIPTION OF THE INVENTIONList of Abbreviations As
used above, and throughout the description of the
invention, the following abbreviations, unless
otherwise indicated, shall be understood to have the
following meanings: DIC= diisopropylcarbodiimide
FMOC=9-fluorenylmethyloxycarbonyl
TMOF=trimethylorthoformiate DIEA=diisopropylethylamme
NaBH3CN= sodium cyanoborohydride DMF:
N,N-Dimethylformamide THF: Tetrahydrofuran DMSO:
Dimethyl sulfoxide DCM: Dichloromethane which can also
be referred to as methylene chloride NMP=N-methyl
pyrrolidone MeOH=methanol
HOAt=1-hydroxy-7-azabenzotriazole
HATU=Dimethylamino-([l,2,3]triazolo[4,5-b]pyridin-3-yl
oxy)-methylene]-dimethylammonium hexafluoro phosphate
HOAc=acetic acid AN= acetonitrile TFA= trifluoroacetic
acid HPLC= High Performance Liquid Chromatography
LC/MS=tandem high performance liquid chromatography
coupled with mass spectrometry NMR=nuclear magnetic
spectroscopyDefnitions As used above, and throughout
the description of the invention, the following terms,
unless otherwise indicated, shall be understood to
have the following meanings:- "Acid protecting group"
means an easily removable group that is known in the
art to protect an acidic hydrogen of a carboxyl group
against undesirable reaction during synthetic
procedures, e.g., to block or protect the acid
functionality while the reactions involving other
functional sites of the compound are carried out, and
to be selectively removable. Such acid protecting
groups are well known to those skilled in the art,
having been extensively used in the protection of
carboxyl groups, as described in U.S. Pat. No.
3,840,556 and 3,719,66, the disclosures of which are
hereby incorporated herein by reference. For suitable
acid protecting groups, see T.W. Green and P.G.M. Wuts
in "Protective Groups in Organic Chemistry" John Wiley
and sons, 1991. Acid protecting group also includes
hydrogenation labile acid protecting group as defined
herein. Exemplary acid protecting groups include
esters such as substituted and unsubstituted Cj .
lower alkyl, e.g., methyl, ethyl, tbutyl,
methoxymethyl, methylthiomethyl, 2,2,2-trichloroethyl
and the like, tetrahydropyranyl, substituted and
unsubstituted phenylalkyl such as benzyl and
substituted derivatives thereof such as alkoxybenzyl
or nitrobenzyl groups and the like, cinnamyl,
dialkylaminoalkyl, e.g., dimethylaminoethyl and the
like, trimethylsilyl, substituted and unsubstituted
amides and hydrazides, e.g., amides and hydrazides on
N,N-dimethylamine, 7-nitroindole, hydrazine,
N-phenylhydrazine and the like, acyloxyalkyl groups
such as pivaloyloxymethyl or propionyloxymethyl and
the like, aroyloxyalkyl such as benzoyloxyethyl and
the like, alkoxycarbonylalkyl such as
methoxycarbonylmethyl, cyclohexyloxycarbonylmethyl and
the like, alkoxycarbonyloxyalkyl such as
-butyloxycarbonyloxymethyl and the like,
alkoxycarbonylaminoalkyl such as
-butyloxycarbonylaminomethyl and the like,
alkylaminocarbonylaminoalkyl, such as
methylaminocarbonylaminomethyl and the like,
acylaminoalkyl such as acethylaminomethyl and the
like, heterocyclylcarbonyloxyalkyl such as
4-methylpiperazinyl-carbonyloxymethyl and the like,
dialkylaminocarbonyalkyl such as
dimethylaminocarbonyl-methyl and the like, (5-(lower
alkyl)-2-oxol, 3-dioxolen-4-yl)alkyl such as
(5-?-butyl-2-oxo-l,3-dioxolen-4-yl)methyl and the
like, and (5-phenyl- 2-oxo- l,3-dioxolen-4-yl)alkyl
such as (5-phenyl-2-oxo-l,3-dioxolen-4-yl)methyl and
the like. "Acid labile amine protecting group" means
an amine-protecting group as defined herein that is
readily removed by treatment with acid while remaining
relatively stable to other reagents. A preferred acid
labile amine-protecting group is BOC. "Acyl" means an
H-CO- or (aliphatic or cyclyl)-CO- group wherein the
aliphatic group is as herein described. Preferred
acyls contain a lower alkyl. Exemplary acyl groups
include formyl, acetyl, propanoyl, 2-methylpropanoyl,
butanoyl, palmitoyl, acryloyl, propynoyl,
cyclohexylcarbonyl, and thelike. "Alkenoyl" means an
alkenyl-CO- group wherein alkenyl is as defined
herein. "Alkenyl" means an aliphatic hydrocarbon group
containing a carbon-carbon double bond and which may
be straight or branched having about 2 to about 15
carbon atoms in the chain. Preferred alkenyl groups
have 2 to about 12 carbon atoms in the chain; and more
preferably about 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. "Lower
alkenyl" means about 2 to about 4 carbon atoms in the
chain that may be straight or branched. Exemplary
alkenyl groups include ethenyl, propenyl, "-butenyl,
z-butenyl, 3-methylbut-2-enyl, "-pentenyl, heptenyl,
octenyl, cyclohexylbutenyl, decenyl, and the like.
"Substituted alkenyl" means an alkenyl group as
defined above which is substituted with one or more
"aliphatic group substituents" (preferably 1to 3)
which may be the same or different and are as defined
herein. Exemplary alkenyl aliphatic group substituents
include halo or cycloalkyl groups. "Alkenyloxy" means
an alkenyl-O- group wherein the alkenyl group is as
herein described. Exemplary alkenyloxy groups include
allyloxy, 3-butenyloxy, and the like. "Alkoxy" means
an alkyl-O- group wherein the alkyl group is as herein
described. Exemplary alkoxy groups include methoxy,
ethoxy, n-propoxy, z-propoxy, n-butoxy, heptoxy, and
the like. "Alkoxycarbonyl" means an alkyl-O-CO- group,
wherein the alkyl group is as herein defined.
Exemplary alkoxycarbonyl groups include
methoxycarbonyl, ethoxycarbonyl, -butyloxycarbonyl,
and the like. "Alkyl" means an aliphatic hydrocarbon
group which may be straight or branched having about 1
to about 20 carbon atoms in the chain. Preferred alkyl
groups have 1to about 12 carbon atoms in the chain,
more preferred is lower alkyl as defined herein.
Branched means that one or more lower alkyl groups
such as methyl, ethyl or propyl are attached to a
linear alkyl chain. "Lower alkyl" means about 1 to
about 4 carbon atoms in the chain that may be straight
or branched. "Substituted alkyl" means an alkyl group
as defined above which is substituted with one or more
phenyl or halo substituents (preferably 1to 3),
including perfluorinated substituted alkyl, as are
defined herein. "Alkylsulfinyl" means an alkyl-SO-
group wherein the alkyl group is as defined above.
Preferred groups are those wherein the alkyl group is
lower alkyl. "Alkylsulfonyl" means an alkyl-SO 2-
group wherein the alkyl group is as defined above.
Preferred groups are those wherein the alkyl groups is
lower alkyl. "Alkylsulfonylcarbamoyl" means an
alkyl-SO 2-NH-C(=O)- group wherein the alkyl group is
as herein described. Preferred alkysulfonylcarbamoyl
groups are those wherein the alkyl group is lower
alkyl."Alkylthio" means an alkyl-S- group wherein the
alkyl group is as herein described. Exemplary
alkylthio groups include methylthio ethylthio
z-propylthio and heptylthio. "Alkynyl" means an
aliphatic hydrocarbon group containing a carbon-carbon
triple bond and which may be straight or branched
having about 2 to about 15 carbon atoms in the chain.
Preferred alkynyl groups have 2 to about 12 carbon
atoms in the chain; and more preferably about 2 to
about r 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.
"Lower alkynyl" means about 2 to about 4 carbon atoms
in the chain that may be straight or branched. The
alkynyl group may be substituted by one or more halo.
Exemplary alkynyl groups include ethynyl, propynyl,
"-butynyl, 2-butynyl, 3- methylbutynyl, "-pentynyl,
heptynyl, octynyl, decynyl, and the like. "Substituted
alkynyl" means alkynyl as defined above which is
substituted with one or more "aliphatic group
substituents" (preferably 1 to 3) which may be the
same or different, and are as defined herein. "Amine
protecting group" means an easily removable group that
is known in the art to protect a nitrogen moiety of an
amino group against undesirable reaction during
synthetic procedures and to be selectively removable.
The use of amine protecting groups is well known in
the art for protecting groups against undesirable
reactions during a synthetic procedure and many such
protecting groups are known, for example, T.W. Greene
and P.G.M. Wuts, Protective groups in Organic
synthesis, 2n c edition, John Wiley & Sons, New York
(1991), incorporated herein by reference. Amine
protecting group also includes "acid labile amine
protecting group" and "hydrogenation labile amine
protecting group". Exemplary amine protecting groups
are acyl, including formyl, acetyl, chloroacetyl,
trichloroacetyl, o-nitrophenylacetyl,
o-nitrophenoxy-acetyl, trifluoroacetyl, acetoacetyl,
4- chlorobutyryl, isobutyryl, o-nitrocinnamoyl,
picolinoyl, acylisothiocyanate, aminocaproyl, benzoyl
and the like, and acyloxy including methoxy-carbonyl,
9-fluorenylmethoxycarbonyl, 2,2,2-
trifluoroethoxycarbonyl,
2-trimethylsilylethoxy-carbonyl, vinyloxycarbonyl,
allyloxycarbonyl, tbutyloxycarbonyl (BOC),
1,1-dimethyl-propynyloxycarbonyl, benzyloxycarbonyl
(CBZ), pnitrobenzyloxycarbonyl,
2,4-dichloro-benzyloxycarbonyl, and the like. "Amide
protecting group" means an easily removable group that
is known in the art to protect a nitrogen moiety of an
amide group against undesirable reaction during
synthetic procedures and to be selectively removable
after its conversion to the amide. The use of amide
protecting groups is well known in the art for
protecting groups against undesirable reactions during
a synthetic procedure and many such protecting groups
are known for example, T.W. Greene and P.G.M. Wuts,
Protective Groups in Organic Synthesis, 2n c edition,
John Wiley & Sons, New York (1991), incorporated
herein by reference. Amide protecting group also
includes "acid labile amide protecting group" and
"hydrogenation labile amide protecting group".
Exemplary amide protecting groups are onitrocinnamoyl,
picolinoyl, aminocaproyl, benzoyl and the like, and
acyloxy including methoxycarbonyl,
9-fluorenylmethoxycarbonyl,
2,2,2-trifluoroethoxycaronyl,
2-trimethylsilyethoxy-carbonyl, vinyloxycarbonyl,
allyloxycarbonyl, -butyloxycarbonyl (BOC),
1,1-dimethyl-propynyloxycarbonyl, benzyloxycarbonyl
(CBZ), p-nitrobenzyloxycarbonyl,
2,4-dichloro-benzyloxycarbonyl, and the like.
"Aromatic" group means aryl or heteroaryl as defined
herein. Exemplary aromatic groups include phenyl, halo
substituted phenyl, azaheteroaryl, and the like.
"Aroyl" means an aryl-CO-group wherein the aryl group
is as herein described. Exemplary aroyl groups include
benzoyl, 1-and 2-naphthoyl, and the like. "Aryl" means
an aromatic monocyclic or multicyclic ring system of
about 6 to about 14 carbon atoms, preferably of about
6 to 10 carbon atoms. Encompassed by aryl are fused
cycloalkenylaryl, fused cycloalkylaryl, fused
heterocyclenylaryl and fused heterocyclylaryl as
defined herein when bonded through the aryl moiety
thereof. The aryl is optionally substituted with one
or more "ring group substituents" (preferably 1 to 3
substituents which may be the same or different, and
are as defined herein. A "Substituted aryl" means an
aryl group which is substituted as defined above.
Exemplary aryl groups include phenyl, or substituted
phenyl. 



"Aryldiazo" means an aryl-diazo-group wherein the aryl
and diazo groups are as defined herein. "Aryloxy"
means an aryl-O- group wherein the aryl group is as
defined herein. Exemplary aryloxy groups include
phenoxy and 2-naphtyloxy. "Aryloxycarbonyl" means an
aryl-O-CO- group wherein the aryl group is as defined
herein. Exemplary aryloxycarbonyl groups include
phenoxycarbonyl and naphthoxycarbonyl. "Arylsulfonyl"
means an aryl-S0 2- group wherein the aryl group is
defined herein. "Arylsulfonylcarbamoyl" means an
aryl-SO2-NH-C(=O)-group wherein the aryl group is
herein described. An exemplary arylsulfonylcarbamoyl
group is phenylsulfonylcarbamoyl. "Arylsulfinyl" means
an aryl-SO -group wherein the aryl group is as defined
herein. "Arylthio" means an aryl-S- group wherein the
aryl group is as herein described. Exemplary arylthio
groups include phenylthio and naphthylthio. "Basic
nitrogen atom" means a sp or sp hybridized nitrogen
atom having a non-bonded pair of electrons which is
capable of being protonated. Exemplary basic nitrogen
atoms include optionally substituted imino, optionally
substituted amino and optionally substituted amidino
groups. "Carboxy" means an HO(O)C- (carboxylic acid)
group. "Coupling agent" means a compound that reacts
with the hydroxyl moiety of a carboxy moiety thereby
rendering it susceptible to nucleophilic attack.
Exemplary coupling agents include DIC, EDCI, DCC, and
the like. "Cycloalkenyl" means an optionally
substituted non aromatic mono- or multicyclic ring
system of about 3 to about 10 carbon atoms, preferably
of about 3 to about 6 carbon atoms
(lowercycloalkenyl), and which contains at least one
carbon-carbon double bond and which can be optionally
fused by an aromatic group as defined herein. "Fused
(aromatic) "cycloalkenyl" means fused arylcycloalkenyl
and fused heteroarylcycloalkenyl as defined herein
bonded through the cycloalkenyl moiety thereof.
Preferred sizes or the rings of the ring system are
about 5 to about 6 ring atoms; and such preferred ring
sizes are also referred to as "lower". "Substituted
cycloalkenyl" means an cycloalkenyl group as defined
above which is substituted with one or more "ring
group substituents" (preferably 1to 3) which may be
the same or different and are defined herein.
Exemplary monocyclic cycloalkenyl include
cyclopentenyl, cyclohexenyl, cycloheptenyl, and the
like. An exemplary multicyclic cycloalkenyl is
norbornylenyl. "Cycloalkyl" means a non-aromatic mono-
or multicyclic ring system of about 3 to about 10
carbon atoms, preferably of about 3 to about 6 carbon
atoms (lower cycloalkyl), and which can be optionally
fused by an aromatic group as defined herein. "Fused
(aromatic) cycloalkyl" means fused arylcycloalkyl and
fused heteroarylcycloalkyl as defined herein bonded
through the cycloalkyl moiety thereof. "Substituted
cycloalkyl" means a cycloalkyl group as defined above
which is substituted with one or more "ring group
substituents" (preferably 1to 3) which may be the same
or different and are as defined herein. Exemplary
monocyclic cycloalkyl include cyclopentyl, cyclohexyl,
cycloheptyl, and the like. Exemplary multicyclic
cycloalkyl include 1-decalin, norbornyl, adamant-(l-
or 2-)yl, and the like. "Cyclic" or "Cyclyl" means
cycloalkyl, cycloalkenyl, heterocyclyl or
heterocyclenyl as defined herein. The term "lower" as
used in connection with the term cyclic is the same as
noted herein regarding the cycloalkyl, cycloalkenyl,
heterocyclyl or heterocyclenyl. "Cyclyloxy" means a
cyclyl-O- group wherein the cyclyl group is as herein
described. Exemplary cycloalkoxy groups include
cyclopentyloxy, cyclohexyloxy, quinuclidyloxy,
pentamethylenesulfidoxy, tetrahydropyranyloxy,
tetrahydrothiophenyloxy, pyrrolidinyloxy,
tetrahydrofuranyloxy, or
7-oxabicyclo[2.2.1]heptanyloxy,
hydroxytetrahydropyranyloxy, hydroxy-7-
oxabicyclo[2.2.1]heptanyloxy, and the like.
"Cyclylsulfinyl" means a cyclyl-S(O)- group wherein
the cyclyl group is as herein described.
"Cyclylsulfonyl" means a cyclyl-S(O)2- group wherein
the cyclyl group is as herein described. "Cyclylthio"
means a cyclyl-S- group wherein the cyclyl group is as
herein described. "Diazo" means a bivalent -N=N-
radical. "Effective amount" is means an amount of a
compound/composition according to the present
invention effective in producing the desired
therapeutic effect. "Fused arylcycloalkenyl" means a
fused aryl and cycloalkenyl as defined herein.
Preferred fused arylcycloalkenyls are those wherein
the aryl thereof is phenyl and the cycloalkenyl
consists of about 5 to about 6 ring atoms. A fused
arylcycloalkenyl as a variable may be bonded through
anyatom of the ring system thereof capable of such.
"Substituted fused arylcycloalkenyl" means a fused
arylcycloalkenyl group as defined above which is
substituted with one or more "ring group substituents"
(preferably 1to 3) which may be the same or different
and are as defined herein. Exemplary fused
arylcycloalkenyl include 1,2-dihydronaphthylene,
indene, and the like. "Fused arylcycloalkyl" means a
fused aryl and cycloalkyl as defined herein. Preferred
fused arylcycloalkyls are those wherein the aryl
thereof is phenyl and the cycloalkyl consists of about
5 to about 6 ring atoms. A fused arylcycloalkyl as a
variable may be bonded through any atom of the ring
system thereof capable of such. "Substituted fused
arylcycloalkyl" means a fused arylcycloalkyl group as
defined above which is substituted with one or more
"ring group substituents" (preferably 1to 3) which may
be the same or different and are as defined herein.
Exemplary fused arylcycloalkyl includes
1,2,3,4-tetrahydro-naphthylene, and the like. "Fused
arylheterocyclenyl" means a fused aryl and
heterocyclenyl as defined herein. Preferred fused
arylheterocyclenyls are those wherein the aryl thereof
is phenyl and the heterocyclenyl consists of about 5
to about 6 ring atoms. A fused arylheterocyclenyl as a
variable may be bonded through any atom of the ring
system thereof capable of such. The designation of the
aza, oxa or thia as a prefix before heterocyclenyl
portion of the fused arylheterocyclenyl define that at
least a nitrogen, oxygen or sulfur atom is present,
respectively, as a ring atom. "Substituted fused
arylheterocyclenyl" means a fused arylheterocyclenyl
group as defined above which is substituted with one
or more "ring group substituents" (preferably 1to 3)
which may be the same or different and are as defined
herein. The nitrogen atom of a fused
arylheterocyclenyl may be a basic nitrogen atom. The
nitrogen or sulfur atom of the heterocyclenyl portion
of the fused arylheterocyclenyl may also be optionally
oxidized to the corresponding N-oxide, S-oxide or
S,S-dioxide. Exemplary fused arylheterocyclenyl
include 3Hindolinyl, 



IH-2-oxoquinolyl, 2H-l-oxoisoquinolyl,
1,2-di-hydroquinolinyl, 3,4-dihydroquinolinyl, 1,2-
dihydroisoquinolinyl, 3,4-dihydroisoquinolinyl, and
the like. "Fused arylheterocyclyl" means a fused aryl
and heterocyclyl as defined herein. Preferred fused
arylheterocyclyls are those wherein the aryl thereof
is phenyl and the heterocyclyl consists of about 5 to
about 6 ring atoms. A fused arylheterocyclyl as a
variable may be bonded through any atom of the ring
system thereof capable of such. The designation of the
aza, oxa or ilia as a prefix before heterocyclyl
portion of the fused arylheterocyclyl define that at
least a nitrogen, oxygen or sulfur atom is present,
respectively, as a ring atom. "Substituted fused
arylheterocyclyl" means a fused arylheterocyclyl group
as defined above which is substituted with one or more
"ring group substituents" (preferably 1to 3) which may
be the same or different and are as defined herein.
The nitrogen atom of a fused arylheterocyclyl may be a
basic nitrogen atom. The nitrogen or sulfur atom of
the heterocyclyl portion of the fused arylheterocyclyl
may also be optionally oxidized to the corresponding
N-oxide, S-oxide or S,S-dioxide. Exemplary fused
arylheterocyclyl ring systemsinclude indolinyl,
1,2,3,4-tetrahydroisoquinoline, 1,2,3,4-
tetrahydroquino line, IH -2,3- dihydroisoindol- 2-yl,
2,3-dihydrobenz[f]isoindol-2-yl, 1,2,3,4-
tetrahydrobenz[g]-isoquinolin-2-yl, and the like.
"Fused heteroarylcycloalkenyl" means a fused
heteroaryl and cycloalkenyl as defined herein.
Preferred fused heteroarylcycloalkenyls are those
wherein the heteroaryl thereof is phenyl and the
cycloalkenyl consists of about 5 to about 6 ring
atoms. A fused heteroaryl-cycloalkenyl as a variable
may be bonded through any atom of the ring system
thereof capable of such. The designation of the aza,
oxa or thia as a prefix before heteroaryl portion of
the fused heteroarylcycloalkenyl define that at least
a nitrogen, oxygen or sulfur atom is present,
respectively, as a ring atom. "Substituted fused
heteroarylcycloalkenyl" means a fused
heteroarylcycloalkenyl group as defined above which is
substituted with one or more "ring group substituents"
(preferably 1to 30 which may be the same or different
and are as defined herein. The nitrogen atom of a
fused heteroarylcycloalkenyl may be a basic nitrogen
atom. The nitrogen atom of the heteroaryl portion of
the fused heteroarylcycloalkenyl may also be
optionally oxidized to the corresponding N-oxide.
Exemplary fused heteroarylcycloalkenyls include 5,6-
dihydroquinolyl, 5,6-dihydroisoquinolyl, 5,6-
dihydroquinoxalinyl, 5,6-dihydroquinazolinyI, 4,5-
dihydro-lH -benzimidazolyl, 4,5-di -
hydrobenzoxazolyl, and the like. "Fused
heteroarylcycloalkyl" means a fused heteroaryl and
cycloalkyl as defined herein. Preferred fused
heteroarylcycloalkyls are those wherein the heteroaryl
thereof consists of about 5 to about 6 ring atoms and
the cycloalkyl consists of about 5 to about.6 ring
atoms. A fused heteroarylcycloalkyl as a variable may
be bonded through any atom of the ring system thereof
capable of such. The designation of the aza, oxa or
ilia as a prefix before heteroaryl portion of the
fused heteroarylcycloalkyl define that at least a
nitrogen, oxygen or sulfur atom is present,
respectively, as a ring atom. "Substituted fused
heteroarylcycloalkyl" means a fused
heteroarylcycloalkyl group as defined above which is
substituted with one or more "ring group substituents"
(preferably 1 to 3) which may be the same or different
and are as defined herein. The nitrogen atom of a
fused heteroarylcycloalkyl may be a basic nitrogen
atom. The nitrogen atom of the heteroaryl portion of
the fused heteroarylcycloalkyl may also be optionally
oxidized to the corresponding N-oxide. Exemplary fused
heteroarylcycloalkyl include 5,6,7,8-
tetrahydroquinolinyl, 5,6,7,8-tetra-hydroisoquinolyl,
5,6,7,8-tetrahydroquinoxalinyl, 5,6,7,8-
tetrahydroquinazolyl, 4,5,6,7 -tetrahydro-lH
-benzimidazolyl, 4,5,6,7-tetrahydrobenzoxazolyl,
lH-4-oxa- 1,5- diazanaphthalen-2-onyl,
1,3-dihydroimidizole-[4,5]- pyridin-2-onyl, and the
like. "Fused heteroarylheterocyclenyl" means a fused
heteroaryl and heterocyclenyl as defined herein.
Preferred fused heteroarylheterocyclenyls are those
wherein the heteroaryl thereof consists of about 5 to
about 6 ring atoms and the heterocyclenyl consists of
about 5 to about 6 ring atoms. Afused
heteroarylheterocyclenyl as a variable may be bonded
through any atom of the ring system thereof capable of
such. The designation of the aza, oxa or thia as a
prefix before the heteroaryl or heterocyclenyl portion
of the fused heteroarylheterocyclenyl define that at
least a nitrogen, oxygen or sulfur atom is present,
respectively, as a ring atom "Substituted fused
heteroarylheterocyclenyl" means a fused
heteroarylheterocyclenyl group as defined above which
is substituted with one or more "ring group
substituents" (preferably 1 to 3) which may be the
same or different and are as defined herein. The
nitrogen atom of a fused heteroarylazaheterocyclenyl
may be a basic nitrogen atom. The nitrogen or sulfur
atom of the heteroaryl portion of the fused
heteroarylheterocyclyl may also be optionally oxidized
to the corresponding N-oxide. The nitrogen or sulfur
atom of the heteroaryl or heterocyclyl portion of the
fused heteroarylheterocyclyl may also be optionally
oxidized to the corresponding Noxide, S- oxide or
S,S-dioxide. Exemplary fused heteroarylheterocyclenyl
include 7,8- dihydro[l, 7]naphthyridinyl, 1
,2-dihydro[2,7]-naphthyridinyl, 6,7 -dihydro- 3H
-imidazo [4,5- c]pyridyl, 1,2-
dihydro-l,5-naphthyridinyl, 1 ,2-dihydro-l
,6-naphthyridinyl, 1 ,2-dihydro-l, 7 -naphthyridinyl,
1 ,2- dihydro-1 ,8-naphthyridinyl.
1,2-dihydro-2,6-naphthyridinyl, and the like. "Fused
heteroarylheterocyclyl" means a fused heteroaryl and
heterocyclyl as defined herein. Preferred fused
heteroarylheterocyclyls are those wherein the
heteroaryl thereof consists of about 5 to about 6 ring
atoms and the heterocyclyl consists of about 5 to
about 6 ring atoms. A fused heteroarylheterocyclyl as
a variable may be bonded through any atom of the ring
system thereof capable of such. The designation of the
aza, oxa or ilia as a prefix before the heteroaryl or
heterocyclyl portion of the fused
heteroarylheterocyclyl define that at least a
nitrogen, oxygen or sulfur atom is present,
respectively, as a ring atom. "Substituted fused
heteroarylheterocyclyl" means a fused
heteroarylheterocyclyl group as defined above which is
substituted with one or more "ring group substituents"
(preferably 1 to 3) which may be the same or different
and are as defined herein The nitrogen atom of a fused
heteroarylheterocyclyl may be a basic nitrogen atom.
The nitrogen or sulfur atom of the heteroaryl portion
of the fused heteroarylheterocyclyl may also be
optionally oxidized to the corresponding N-oxide. The
nitrogen or sulfur atom of the heteroaryl or
heterocyclyl portion of the fused
heteroarylheterocyclyl may also be optionally oxidized
to the corresponding N-oxide, S-oxide or S,S-dioxide.
Exemplary fused heteroarylheterocyclyl include
2,3-dihydro-lH pyrrol[3,4-b]quinolin-2- yl,
1,2,3,4-tetrahydrobenz [b][l,7]naphthyridin-2-yl,
1,2,3,4-tetrahydrobenz [b][l,6]naphthyridin-2-yl,
1,2,3,4-tetra-hydro- 9H-pyrido[3,4-b]indol-2yl,
l,2,3,4-tetrahydro-9H-pyrido[4,3-b]indol-2yl, 2,3- 



dihydro-lH- pyrrolo[3,4-b ]indol-2-yl,
lH-2,3,4,5-tetrahydroazepino[3,4-b ]indol-2-yl,
lH-2,3,4,5- tetra- hydroazepino[ 4,3-b]indol-3-yl,
lH-2,3,4,5-tetrahydroazepino[ 4,5-b]indol-2 yl, 5,6,7
,8-tetrahydro[ l, 7]naphthyridyl, l,2,3,4-tetrhydro[2,
7]naphthyridyl, 2,3-dihydro[ 1,4 ]dioxino[2,3-b
]pyridyl, 2,3-dihydro-[l,4]dioxino[2,3-b]pyridyl,
3,4-dihydro-2H-l-oxa[4,6]diazanaphthalenyl, 4,5,6,7-
tetrahydro-3H-imidazo[4,5-c]pyridyl,
6,7-dihydro[5,8]diazanaphthalenyl,
l,2,3,4-tetrahydro[l,5]-naphthyridinyl, 1,2,3
,4-tetrahydro [1,6]naphthyridinyl, 1,2,3 ,4-tetrahydro
[1,7]naphthyridinyl, 1,2,3,4-
tetrahydro[l,8]naphthyridinyl,
l,2,3,4-tetra-hydro[2,6]naphthyridinyl, and the like.
"Halo" means fluoro, chloro, bromo, or iodo. Preferred
are fluoro, chloro or bromo, and more preferred are
fluoro or chloro. "Heteroaroyl" means an
heteroaryl-CO- group wherein the heteroaryl group is
as herein described. Exemplary heteroaroyl groups
include thiophenoyl, nicotinoyl, pyrrol-2-ylcarbonyl,
1- and 2-naphthoyl, pyridinoyl, and the like.
"Heteroaryl" means an aromatic monocyclic or
multicyclic ring system of about 5 to about 14 carbon
atoms, preferably about 5 to about 10 carbon atoms, in
which one or more of the carbon atoms in the ring
system is/are hetero element(s) other than carbon, for
example nitrogen, oxygen or sulfur. Preferably the
ring system includes 1 to 3 heteroatoms. Preferred
ring sizes of rings of the ring system include about 5
to about 6 ring atoms. Encompassed by heteroaryl are
fused heteroarylcycloalkenyl, fused
heteroarylcycloalkyl, fused heteroarylheterocyclenyl
and fused heteroarylheterocyclyl as defined herein
when bonded through the heteroaryl moiety thereof.
"Substituted heteroaryl" means a heteroaryl group as
defined above which is substituted with one or more
"ring group substituents" (preferably 1to 3) which may
be the same or different and are as defined herein.
The designation of the aza, oxa or thia as a prefix
before heteroaryl define that at least a nitrogen,
oxygen or sulfur atom is present, respectively, as a
ring atom. A nitrogen atom of an heteroaryl may be a
basic nitrogen atom and may also be optionally
oxidized to the corresponding N-oxide. Exemplary
heteroaryl and substituted heteroaryl groups include
pyrazinyl, thienyl, isothiazolyl, oxazolyl, pyrazolyl,
furazanyl, pyrrolyl, 1,2,4-thiadiazolyl, pyridazinyl,
quinoxalinyl, phthalazinyl, imidazo[l,2-a]pyridine,
imidazo[2,l-b]thiazolyl, , benzofurazanyl, azaindolyl,
benzimidazolyl, benzothienyl, thienopyridyl,
thienopyrimidyl, pyrrolopyridyl. imidazopyridyl,
benzoazaindolyl, 1,2,4-triazinyl, benzthiazolyl,
furanyl, imidazolyl, indolyl, indolizinyl, isoxazolyl,
isoquinolinyl, isothiazolyl, oxadiazolyl, pyrazinyl,
pyridazinyl, pyrazolyl, pyridyl, pyrimidinyl,
pyrrolyl, quinazolinyl, quinolinyl,
1,3,4-thiadiazolyl, thiazolyl, thienyl, triazolyl, and
the like. A preferred heteroaryl group is pyrazinyl.
"Heteroaryldiazo" means a heteroaryl-azo-group"
wherein the heteroaryl and azo groups are as defined
herein. "Heteroarylsulfonylcarbamoyl" means a
heteroaryl-SO 2-NH-C(=O)- group wherein the heteroaryl
group is as herein described. "Heterocyclenyl" means a
non-aromatic monocyclic or multicyclic hydrocarbon
ring system of about 3 to about 10 carbon atoms,
preferably about 4 to about 6 carbon atoms (lower
heterocyclenyl), in which one or more of the carbon
atoms in the ring system is/are hetero element(s)
other than carbon, for example nitrogen, oxygen or
sulfur atoms, and which contains at least one
carbon-carbon double bond or carbon-nitrogen double
bond. Preferably, the ring includes 1to 3 heteroatoms.
Encompassedby heterocyclenyl are fused
arylheterocyclenyl and fused heteroarylheterocyclenyl
as defined herein when bonded through the
heterocyclenyl moiety thereof. The designation of the
aza, oxa or thia as a prefix before heterocyclenyl
define that at least a nitrogen, oxygen or sulfur atom
is present, respectively, as a ring atom. "Substituted
heterocyclenyl" means a heterocyclenyl group as
defined above which is substituted with one or more
"ring group substituents" (preferably 1 to 3) which
may be the same or different and are as defined
herein. The nitrogen atom of an heterocyclenyl may be
a basic nitrogen atom. The nitrogen or sulfur atom of
the heterocyclenyl may also be optionally oxidized to
the corresponding N-oxide, S-oxide or S,S-dioxide.
Exemplary monocyclic azaheterocyclenyl groups include
1,2,3,4-tetrahydrohydropyridine, 1,2-dihydropyridyl,
1,4-dihydropyridyl, 1,2,3,6-tetrahydropyridine,
1,4,5,6-tetrahydro- pyrimidine, 2-pyrrolinyl,
3-pyrrolinyl, 2-imidazolinyl, 2- pyrazolinyl, and the
like. Exemplary oxaheterocyclenyl groups include
3,4-dihydro-2H-pyran, dihydrofuranyl, and
fluorodihydro-furanyl. An exemplary multicyclic
oxaheterocyclenyl group is 7-
oxabicyclo[2.2.1]heptenyl. Exemplary monocyclic
thiaheterocyclenyl rings include dihydrothiophenyl and
dihydrothiopyranyl. "Heterocyclyl" means a
non-aromatic saturated monocyclic or multicyclic ring
system of about 3 to about 10 carbon atoms, preferably
about 4 to about 6 carbon atoms (lower heterocyclyl),
in which one or more of the carbon atoms in the ring
system is/are hetero element(s) other than carbon, for
example nitrogen, oxygen or sulfur. Preferably, the
ring system contains from 1 to 3 heteroatoms.
Encompassed by heterocyclyl are fused arylheterocyclyl
and fused heteroarylheterocyclyl as defined herein
when bonded through the heterocyclyl moiety thereof.
The designation of the aza, oxa or thia as a prefix
before heterocyclyl define that at least a nitrogen,
oxygen or sulfur atom is present respectively as a
ring atom. "Substituted heterocyclyl" means a
heterocyclyl group as defined above which is
substituted with one or more "ring group substituents"
(preferably 1 to 3) which may be the same or different
and are as defined herein The nitrogen atom of an
heterocyclyl may be a basic nitrogen atom. The
nitrogen or sulfur atom of the heterocyclyl may also
be optionally oxidized to 20 the corresponding
N-oxide, S-oxide or S,S-dioxide. Exemplary monocyclic
heterocyclyl rings include piperidyl, pyrrolidinyl,
piperazinyl, morpholinyl, thiomorpholinyl,
thiazolidinyl, 1,3-dioxolanyl, 1,4- dioxanyl,
tetrahydrofuranyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like. "Hydrate" means a
solvate wherein the solvent molecule {s) is/are H2O.
"Hydrogenation labile amine protecting group" means an
amine protecting group as defined herein which is
readily removed by hydrogenation while remaining
relatively stable to other reagents. A preferred
hydrogenation labile amine protecting group is Cbz.
"Hydrogenation labile acid protecting group" means an
acid protecting group as defined herein which is
readily removed by hydrogenation while remaining
relatively stable to other reagents. A preferred
hydrogenation labile acid protecting group is
benzyl."Patient" includes both human and other
mammals. "Pharmaceutically acceptable prodrugs" as
used herein refers to those prodrugs of the compounds
of the present invention which are, within the scope
of sound medical judgment, suitable for use in contact
with the tissues of patients with undue toxicity,
irritation, allergic response, and the 



like, commensurate with a reasonable benefit/risk
ratio, and effective for their intended use of the
compounds of the invention. The term "prodrug" refers
to compounds that are rapidly transformed in vivo to
yield the parent compound of the above formula, for
example by hydrolysis in blood. Functional groups that
may be rapidly transformed, by metabolic cleavage, in
vivo form a class of groups reactive with the carboxyl
group of the compounds of this invention. They
include, but are not limited to such groups as
alkanoyl (such as acetyl, propanoyl, butanoyl, 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 of 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
is provided in Design of Prodrugs, H. Bundgaard, ed.,
Elsevier (1985); Methods in Enzymology; K. Widder et
al, Ed., Academic Press, 42, 309-396 (1985); A
Textbook of Drug Design and Development,
Krogsgaard-Larsen and H. Bandaged, ed., Chapter 5;
"Design and Applications of Prodrugs" 113-191 (1991);
Advanced Drug Delivery Reviews, H. Bundgard, 8 , 1-38,
(1992); J . Pharm. Sci., 77.,285 (1988); Chem. Pharm.
Bull., N. Nakeya et al, 32, 692 (1984); Pro-drugs as
Novel Delivery Systems, T. Higuchi and V. Stella, U
A.C.S. Symposium Series, and Bioreversible Carriers in
Drug Design, E.B. Roche, ed., American Pharmaceutical
Association and Pergamon Press, 1987, which are
incorporated herein by reference. "Pharmaceutically
acceptable salts" refers to 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, sulfamates, malonates,
salicylates, propionates, methylene
-bis-b-hydroxynaphthoates, gentisates, isethionates,
dip- toluoyltartrates, methanesulfonates,
ethanesulfonates, benzenesulfonates,
p-toluenesulfonates,cyclohexylsulfamates and
laurylsulfonate salts, and the like. See, for example
S.M. Berge, et al., "Pharmaceutical Salts," J . Pharm.
Sci., 66, 1-19 (1977) which is incorporated herein by
reference. 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, zinc hydroxide and the
like. 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.
ammonia, ethylenediamine, N-methyl-glucamine, lysine,
arginine, ornithine, choline, N,N'-
dibenzylethylenediamine, chloroprocaine,
diethanolamine, procaine, Nbenzylphenethylamine,
diethylamine, piperazine,
tris(hydroxymethyl)-aminomethane, tetramethylammonium
hydroxide, triethylamine, dibenzylamine, ephenamine,
dehydroabiethylamine, N-ethylpiperidine, benzylamine,
tetramethylammonium, tetraethylammonium, methylamine,
dimethylamine, trimethylamine, ethylamine, basic amino
acids, e.g., lysine and arginine, and
dicyclohexylamine, and the like. "Quaternary
derivative" means a sp3 hybridized amine that is
alkylated with a lower alkyl group. "Ring group
substituents" mean substituents attached to aromatic
or non-aromatic ring systems inclusive of aryl,
heteroaryl, hydroxy, alkoxy, cyclyloxy, aryloxy,
heteroaryloxy, acyl or its thioxo analogue,
cyclylcarbonyl or its thioxo analogue, aroyl or its
thioxo analogue heteroaroyl or its thioxo analogue,
acyloxy, cyclylcarbonyloxy, aroyloxy, heteroaroyloxy,
halo, nitro, cyano, carboxy (acid), - C(O)-NHOH
-C(O)-CH2 OH, -C(O)-CH2 SH -C(O)-NH-CN, sulfo,
phosphono, alkylsulfonylcarbamoyl, tetrazolyl,
arylsulfonylcarbamoyl, N-methoxycarbamoyl.
heteroarylsulfonylcarbamoyl,
3-hydroxy-3-cyclobutene-l,2-dione, 3,5-
dioxo-l,2,4-oxadiazolidinyl or hydroxyheteroaryl such
as 3-hydroxyisoxazolyl,3-hydoxy-l-methylpyrazoly,
alkoxycarbonyl, cyclyloxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, alkylsulfonyl. cyclylsulfonyl,
arylsulfonyl, heteroarylsulfonyl, alkylsulfinyl,
cyclylsulfmyl, arylsulfinyl, heteroarylsulfmyl,
alkylthio, cyclylthio, arylthio, heteroarylthio,
cyclyl, aryldiazo, heteroaryldiazo, thiol, Y1Y2N-,
Y1Y2NC(O)-, Y1Y2NC(O)O-, Y1Y2NC(O)NY 3 - OrY 1Y2NSO
2-, wherein Y1, Y2 and Y3 are independently hydrogen,
alkyl, aryl or heteroaryl. or for where the
substituent is Y1Y2N-, then one of Y1 and Y2 may be
acyl, cyclylcarbonyl, aroyl, heteroaroyl,
alkoxycarbonyl, cyclyloxycarbonyl, aryloxycarbonylor
heteroaryloxycarbonyl, a s defined herein and the
other of Y 1 and Y 2 i s as defined previously, or for
where the substituent i s Y 1Y 2 NC(O)-, Y 1Y 2
NC(O)O-, Y 1Y 2 NC(O)NY 3 - or Y 1Y 2 NSO 2 -, Y 1 and
Y 2 may also b e taken together with the N atom
through which Y 1 and Y 2 are linked t o form a 4 to 7
membered azaheterocyclyl or azaheterocyclenyl. When a
ring system i s saturated or partially saturated, the
"ring group substituents" further include, methylene
(H2C=), oxo (O=) and thioxo (S=). Acidic/amide ring
group substituents are carboxy (acid). -C(O)-NHOH,
-C(O)-CH 2 OH, -C(O)- CH SH, -C(O)-NH-CN, sulfo,
phosphono, alkylsulfonylcarbamoyl, tetrazolyl,
arylsulfonylcarbamoyl, N-methoxycarbamoyl,
heteroarylsulfonylcarbamoyl, 3-hydroxy-3-
cyclobutene-l,2-dione, 3,5-dioxo-
1,2,4-oxadiazolidinyl or hydroxyheteroaryl such a s
3-hydroxyisoxazolyl, 3-hydoxy-l-methylpyrazoly and Y
1Y 2 NCO-. Non-acidic polar ring group substituents
are hydroxy, oxo (O=), thioxo (S=), acyl or its thioxo
analogue, cyclylcarbonyl or its thioxo analogue, aroyl
or its thioxo analogue, heteroaroyl or its thioxo
analogue, alkoxycarbonyl, cyclyloxycarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl, acyloxy,
cyclylcarbonyloxy, aroyloxy, heteroaroyloxy,
alkylsulfonyl, cyclylsulfonyl, arylsulfonyl, 



heteroarylsulfonyl, alkylsulfinyl, cyclylsulfinyl,
arylsulfinyl, heteroarylsulfinyl, thiol, Y 1Y 2 N-, Y
1Y 2 NC(O)-, Y 1Y 2 NC(O)O-, Y 1Y 2 NC(O)NY 3 - or Y
1Y 2 NSO 2 . "Solvate" means a physical association of
a compound of this invention with one or more solvent
molecules. This physical association includes hydrogen
bonding. In certain instances the solvate will b e
capable of isolation, for example when one or more
solvent molecules are incorporated in the crystal
lattice of the crystalline solid. "Solvate"
encompasses both solution-phase and isolable solvates.
Exemplary solvates include hydrates, ethanolates,
methanolates, and the like. EMBODIMENTS With reference
t o inventions described herein, below are particular
embodiments related thereto. A particular embodiment
according t o the invention i s wherein R i s
optionally substituted phenyl(Ci_ 3 alkyl) or
optionally substituted phenylcyclopropyl.
AAnnootthheerr ppaarrttiiccuullaarr emmbodiment
according t o the invention i s wherein R i s
optionally substituted phenyl(Ci_3 alkyl).
AAnnootthheerr ppaarrttiiccuullaarr emmbodiment
according t o the invention i s wherein R i s
optionally substituted phenyl(C 2-3 alkyl).
AAnnootthheerr ppaarrttiiccuullaar embodiment
according t o the invention i s wherein R i s
optionally substituted phenyl(ethyl).Another
particular embodiment according to the invention is
wherein R is phenylethyl. Another particular
embodiment according to the invention is wherein R is
optionally substituted phenylcyclopropyl. Another
particular embodiment according to the invention is
wherein the optionally substituted phenyl in R1 is
substituted by halo. Another particular embodiment
according to the invention is wherein the optionally
substituted phenyl in R1 is substituted by chloro or
fluoro. Another particular embodiment according to the
invention is wherein the optionally substituted phenyl
in R is substituted by chloro or fluoro. Another
particular embodiment according to the invention is
wherein the optionally substituted phenyl in R is mono
substituted by chloro or fluoro. Another particular
embodiment according to the invention is wherein the
optionally substituted phenyl in R is ortho mono
substituted by chloro. Another particular embodiment
according to the invention is wherein the optionally
substituted phenyl in R is para mono substituted by
chloro. Another particular embodiment according to the
invention is wherein the optionally substituted phenyl
in R is meta mono substituted by chloro. Another
particular embodiment according to the invention is
wherein the optionally substituted phenyl in R1 is
para mono substituted by fluoro. Another particular
embodiment according to the invention is wherein the
optionally substituted phenyl in R is di substituted
by chloro or fluoro. Another particular embodiment
according to the invention is wherein the optionally
substituted phenyl in R is ortho,para di substituted
by chloro. Another particular embodiment according to
the invention is wherein the optionally substituted
phenyl in R is ortho,para di substituted by fluoro.
Another particular embodiment according to the
invention is wherein R is H or methyl. Another
particular embodiment according to the invention is
wherein R is H. Another particular embodiment
according to the invention is wherein R is optionally
substituted phenyl, optionally substituted thiazolyl,
pyridyl, or thienyl. Another particular embodiment
according to the invention is wherein R is optionally
substituted indolidonyl. Another particular embodiment
according to the invention is wherein the optionally
substituted phenyl in R is substituted by halo,
carboxy or alkoxycarbonyl.Another particular
embodiment according to the invention is wherein the
optionally substituted phenyl in R is mono substituted
by chloro or fluoro. Another particular embodiment
according to the invention is wherein the optionally
substituted phenyl in R is ortho mono substituted by
chloro. Another particular embodiment according to the
invention is wherein the optionally substituted phenyl
in R is para mono substituted by chloro. Another
particular embodiment according to the invention is
wherein the optionally substituted phenyl in R is meta
mono substituted by chloro. Another particular
embodiment according to the invention is wherein the
optionally substituted phenyl in R is di substituted
by fluoro. Another particular embodiment according to
the invention is wherein the optionally substituted
phenyl in R is ortho,para di substituted by fluoro.
Another particular embodiment according to the
invention is wherein the optionally substituted phenyl
in R is substituted by carboxy or alkoxycarbonyl.
Another particular embodiment according to the
invention is wherein the optionally substituted phenyl
in R is mono substituted by carboxy or alkoxycarbonyl.
Another particular embodiment according to the
invention is wherein the optionally substituted phenyl
in R is meta mono substituted by carboxy or
alkoxycarbonyl. Another particular embodiment
according to the invention is wherein the optionally
substituted phenyl in R is para mono substituted by
carboxy or alkoxycarbonyl. Another particular
embodiment according to the invention is wherein the
optionally substituted phenyl in R is 2-thienyl
Another particular embodiment according to the
invention is wherein the optionally substituted phenyl
in R is 3- thienyl. Another particular embodiment
according to the invention is wherein the optionally
substituted phenyl in R is optionally substituted
thiazolyl. Another particular embodiment according to
the invention is wherein the optionally substituted 



phenyl in R is methyl substituted thiazolyl. Another
particular embodiment according to the invention is
wherein R is H. Another particular embodiment
according to the invention is wherein R is JGZ.
Another particular embodiment according to the
invention is wherein Z is a bond. Another particular
embodiment according to the invention is wherein Z is
a CO. Another particular embodiment according to the
invention is wherein G is lower alkyl. Another
particular embodiment according to the invention is
wherein G is Ci_3 lower alkyl.Another particular
embodiment according to the invention is wherein G is
C2_3 lower alkyl. Another particular embodiment
according to the invention is wherein J is R R N. 7
Another particular embodiment according to the
invention is wherein R and R are H or lower alkyl.
Another particular embodiment according to the
invention is wherein R7 and RS are lower alkyl.
Another particular embodiment according to the
invention is wherein R7 and RS are Ci_2 lower alkyl. 7
Another particular embodiment according to the
invention is wherein R and R are Ci lower alkyl.
Another particular embodiment according to the
invention is wherein one of R7 and RS is H and the
other of R7 and R8 is lower alkyl. Another particular
embodiment according to the invention is wherein R9
and R10 are H. Another particular embodiment according
to the invention is wherein R9 and R10 are lower
alkyl. Another particular embodiment according to the
invention is wherein R9 and R10 are methyl. Another
particular embodiment according to the invention is
wherein J is optionally (lower alkyl or halo)
substituted 3-7 membered heterocyclyl. Another
particular embodiment according to the invention is
wherein J is optionally (lower alkyl or halo)
substituted 3-7 membered azaheterocyclyl. Another
particular embodiment according to the invention is
wherein J as optionally (lower alkyl or halo)
substituted 3-7 membered heterocyclyl is N-methyl
piperdin-4-yl, . Another particular embodiment
according to the invention is wherein R is R R NQ
lower alkyl. Another particular embodiment according
to the invention is wherein Q is carbonyl. Another
particular embodiment according to the invention is
wherein Q is carbonyl and J is R R N or optionally
(lower alkyl or halo) substituted 3-7 membered
azaheterocyclyl. Another particular embodiment
according to the invention is wherein Y is CO. Another
particular embodiment according to the invention is
wherein Y is SO2. Another particular embodiment
according to the invention is wherein A and R5 taken
together form a 4-6 membered spiro azaheterocyclyl of
the following formulan and p are independently 0, 1,
2, 3, 4, or 5 so long as n and p >2 but <5. Another
particular embodiment according to the invention is
wherein A and R5 taken together form azetidine,
pyrrolidine or piperidine, each of which is optionally
N-substituted by lower alkyl. Another preferred
embodiment of the invention is a compound selected
from the group of the following formulae:PROCESS FOR
THE CONVERSION OF ETHANE TO AROMATIC HYDROCARBONS
Field of the Invention The present invention relates
to a process for producing aromatic hydrocarbons from
ethane. More specifically, the invention relates to a
dehydroaromatization process for increasing the
production of benzene and/or total aromatics from
ethane . Background of the Invention There is a
projected global shortage for benzene which is needed
in the manufacture of key petrochemicals such as
styrene, phenol, nylon and polyurethanes , among
others. Generally, benzene and other aromatic
hydrocarbons are obtained by separating a feedstock
fraction which is rich in aromatic compounds, such as
reformates produced through a catalytic reforming
process and pyrolysis gasolines produced through a
naphtha cracking process, from non-aromatic
hydrocarbons using a solvent extraction process. In an
effort to meet growing world demand for benzene and
other aromatics, various industrial and academic
researchers have been working for several decades to
develop catalysts and processes to make light
aromatics (benzene, toluene, xylenes, or BTX) from
cost-advantaged, light paraffin (Ci-C 4) feeds.
Prior-art catalysts devised for this application
usually contain an acidic zeolite material such as
ZSM-5 and one or more metals such as Pt, Ga, Zn, Mo,
etc. to provide a dehydrogenation function.
Aromatization of ethane and other lower alkanes is
thermodynamically favored at high temperature and low
pressure without addition of hydrogen to the feed.
Unfortunately, these process conditions are also
favorable for rapid catalyst deactivation due to
formation of undesirable surface coke deposits which
block access to the active sites.For many hydrocarbon
processing applications, one approach to reducing
catalyst performance decline rates due to coking is to
increase the catalyst metals loading in an effort to
promote faster hydrogenation/breakup of large coke 



precursor molecules on the surface. Another approach
involves incorporation of additives such as phosphate
or rare earths to moderate surface acidity and reduce
coking rates under reaction conditions. These
approaches are appropriate for processes featuring
fixed or slowly-moving catalyst beds wherein the
average catalyst particle residence time in the
reactor zone between regenerations (coke burnoff
steps) is relatively long (at least several days) .
For example, see U.S. Patents 4,855,522 and 5,026,937,
which describe ZSM-5- type lower-alkane aromatization
catalysts promoted with Ga and additionally containing
either a rare earth metal or a phosporus-containing
alumina, respectively. Yet another approach to
circumvent this problem is to devise a lower alkane
aromatization process in which the catalyst spends a
relatively short time (less than a day) under reaction
conditions before being subjected to coke burnoff
and/or other treatment (s) aimed at restoring all or
some of the original catalytic activity. An example of
such a process is one featuring two or more parallel
reactors containing fixed or stationary catalyst beds,
with at least one reactor offline for catalyst
regeneration at any given time, while the other
reactor (s) is/are processing the lower alkane feed
under aromatization conditions to make aromatics .
Another example of such a process features a fluidized
catalyst bed, in which catalyst particles cycle
rapidly and continuously between a reaction zone where
aromatization takes place and a regeneration zone
where the accumulated coke is burned off the catalyst
to restore activity. Forexample, U.S. Patent 5,053,570
describes a fluid-bed process for converting lower
paraffin mixtures to aromatics . Requirements for
optimal catalyst performance in a process involving a
relatively short period of catalyst exposure to
reaction conditions between each regeneration
treatment, such as a fluidized-bed process, can differ
from those of fixed- or moving-bed processes which
require longer catalyst exposure time to reaction
conditions between regeneration treatments.
Specifically, in processes involving short catalyst
exposure times, it is important that the catalyst not
exhibit excessive initial cracking or hydrogenolysis
activity which could convert too much of the feedstock
to undesirable, less-valuable byproducts such as
methane . Certain metals such as Pt which are very
suitable for catalyzing the dehydrogenation reactions
that are essential for an alkane dehydroaromatization
process can also, under certain circumstances, display
undesirable hydrogenolysis activity that leads to
excessive production of methane from higher
hydrocarbons. The inclusion of a second, inert or
less-active metal in a catalyst composition to help
suppress the hydrogenolysis activity of the first,
more-active metal is used in commercial scale
catalytic naphtha reforming in which C5-Ci 2 paraffins
and naphthenes are converted to aromatic compounds
with catalysts which are predominantly bimetallic and
are supported on chloride-promoted alumina. As
indicated in a catalytic naphtha reforming review
article by C . A . Querini in volume 6 , pages 1-56 of
the Encyclopedia of Catalysis (I. T . Horvath, ed.;
published by John Wiley & Sons, Inc., Hoboken, New
Jersey, USA, 2003), these catalysts typically contain
Pt plus another metal such as Re (in sulfided form) or
Sn. Among other effects, these second metals can
interact with the Pt to reduce hydrogenolysisactivity,
thereby decreasing the rate of unwanted methane
formation . These Pt/Re and Pt/Sn catalysts, supported
on chloridepromoted alumina, are widely employed in
fixed-bed (semiregenerative) and moving-bed
(continuous) naphtha reformers, respectively, and
their compositions are optimized for relatively long
catalyst exposure times to reaction conditions between
regeneration treatments. The average catalyst particle
residence time in the reaction zone between
regeneration treatments ranges from a few days in
moving bed reactors and up to 1 or 2 years in fixed
bed reactors . According to the article by Querini
mentioned above, typical Pt and Sn levels in Pt/Sn
naphtha reforming catalysts are 0.3%wt each. Such
catalysts, which usually lack a strongly acidic
zeolite component, do not work well for lower alkane
aromatization . It would be advantageous to provide a
light hydrocarbon 



dehydroaromatization process which can be performed
under conditions thermodynamically favorable for light
alkane aromatization as described above, which
provides for relatively short catalyst exposure time
to reaction conditions, wherein the average catalyst
particle residence time in the reaction zone between
regeneration treatments may be from 0.1 second to 30
minutes in a fluidized bed reactor and from a few
hours up to a week in moving bed and fixed bed
reactors, and in which the catalyst composition is
optimized to reduce excessive initial production of
less-desirable byproducts such as methane. Summary of
the Invention The present invention provides a process
for producing aromatic hydrocarbons which comprises:
(a) contacting ethane with a dehydroaromatization
catalyst wherein the ethane contact time (the
averageresidence time of a given ethane molecule in
the reaction zone under reaction conditions) is
preferably from 0.1 seconds to 1 minute, preferably 1
to 5 seconds, most preferably at 550 to 730 0C and
0.01 to 1.0 MPa, said catalyst comprising: (1) 0.005
to 0.1 %wt (% by weight) platinum, basis the metal,
preferably 0.01 to 0.06 %wt, most preferably 0.01 to
0.05 %wt, (2) an amount of iron which is equal to or
greater than the amount of the platinum but not more
than 0.50 %wt of the catalyst, preferably not more
than 0.20 %wt of the catalyst, most preferably not
more than 0.10 %wt of the catalyst, basis the metal;
(3) 10 to 99.9 %wt of an aluminosilicate, preferably a
zeolite, basis the aluminosilicate, preferably 30 to
99.9 %wt, preferably selected from the group
consisting of ZSM-5, ZSM-Il, ZSM-12, ZSM-23, or
ZSM-35, preferably converted to the H+ form,
preferably having a Siq 2/Al 2q3 molar ratio of from
20:1 to 80:1, and (4) a binder, preferably selected
from silica, alumina and mixtures thereof; (b)
collecting the products from (a) and separating and
recovering C6+ aromatic hydrocarbons; (c) optionally
recovering methane and hydrogen; and (d) optionally
recycling C2-5 hydrocarbons to (a) . The reactor
system may comprise one or more reaction vessels,
chambers, or zones, arranged in parallel or in series,
in which contact between the catalyst particles and
the ethane-containing feed occurs. The reactor vessel
(s), chamber (s), or zone(s) may feature a fixed
catalyst bed(i.e., with parallel beds), a
slowly-moving catalyst bed, or a fluidized bed, In a
preferred embodiment, a fluidized-bed reactor is used.
The process is optimized to minimize the average
catalyst particle residence time while maintaining
selectivity and conversion rate. The average catalyst
particle residence time is the average amount of time
that a catalyst particle is in the active reaction
zone with ethane between regenerations. Catalysts of
the present invention - featuring lower levels of
dehydrogenation metal (preferably Pt) with potential
cracking function, plus proper moderation of the
dehydrogenation metal activity with appropriate
amounts of a second, attenuating metal - are designed
to limit initial cracking activity without sacrificing
the overall activity and aromatics selectivity
required for commercially-viable production rates of
benzene and other aromatics. Detailed Description of
the Invention The present invention is a process for
producing aromatic hydrocarbons which comprises
bringing a hydrocarbon feedstock containing at least
50 percent by weight of ethane or other C2
hydrocarbons into contact with a dehydroaromatization
catalyst composition suitable for promoting the
reaction of ethane to aromatic hydrocarbons such as
benzene at a temperature of 550 to 730 0C and a
pressure of 0.01 to 1.0 MPa. The primary desired
products of the process of this invention are benzene,
toluene and xylene . The hydrocarbons in the feedstock
may be ethane, ethylene or mixtures thereof.
Preferably, the majority of 



the feedstock is ethane and from 0 to 20 weight
percent of the feedstock may be comprised of ethylene,
preferably 5 to 10 weight percent. The feedstock may
contain in addition up to 40 weight percent of other
open chain hydrocarbonscontaining between 3 and 8
carbon atoms as coreactants . Specific examples of
such additional coreactants are propane, propylene,
n-butane, isobutane, n-butenes and isobutene. The
hydrocarbon feedstock preferably contains at least 60
percent by weight of C2 hydrocarbons, more preferably
at least 70 percent by weight. The reaction feed is
often referred to herein as ethane for convenience but
it is meant to include all of the other hydrocarbon
materials referred to above if it is necessary or
desired for them to be present. In a preferred
embodiment, the reactor comprises a zone, vessel, or
chamber containing catalyst particles through which
the ethane-containing feed flows and the reaction
takes place. The reactor system may involve a fixed,
moving, or fluidized catalyst bed. The reaction
products then flow out of the bed and are collected.
The reaction products are then separated and C6+
aromatic hydrocarbons are recovered. Optionally,
methane and hydrogen are recovered and optionally the
C2-5 hydrocarbons are recycled to step (a) . A fixed
bed reactor is a reactor in which the catalyst remains
stationary in the reactor and the catalyst particles
are arranged in a vessel, generally a vertical
cylinder, with the reactants and products passing
through the stationary bed. In a fixed bed reactor the
catalyst particles are held in place and do not move
with respect to a fixed reference frame. The fixed bed
reactor may be an adiabatic single bed, a multi-tube
surrounded with heat exchange fluid or an adiabatic
multi-bed with internal heat exchange, among others.
Fixed bed reactors are also referred to as packed bed
reactors . Fixed bed reactors provide excellent gas
solids contacting. The fixed bed reactor configuration
may include at least two separate fixed beds in
different zones so that at least one bed can be in
active operation underreaction conditions while the
catalyst the other bed(s) is being regenerated. In a
moving bed catalytic reactor, gravity causes the
catalyst particles to flow while maintaining their
relative positions to one another. The bed moves with
respect to the wall of the vessel in which it is
contained. The reactants may move through this bed
with cocurrent, countercurrent or crossflow. Plug flow
is the preferred mode. The moving bed offers the
ability to withdraw catalyst particles continuously or
intermittently so they can be regenerated outside the
reactor and reintroduced into the circuit later on.
Thus, there is an advantage to using a moving bed when
the catalyst has a short active life and can be
continuously regenerated. A moving bed reactor may
consist of at least one tray as well as supporting
means for one or more catalyst beds . The supporting
means may be permeable to gas and impermeable to
catalyst particles. A fluidized bed reactor is a type
of reactor that may be used to carry out a variety of
multiphase chemical reactions . In this type of a
reactor, a gas is passed through the particulate
catalyst at high enough velocities to suspend the
solid and cause it to behave as though it were a
fluid. The catalyst particles may be supported by a
porous plate. The gas may be forced through the porous
plate up through the solid material. At lower gas
velocities the solids remain in place as the gas
passes through the voids in the material. A s the gas
velocity is increased, the reactor reaches the stage
where the force of the fluid on the solids is enough
to balance the weight of the solid material and above
this velocity the contents of the reactor bed begin to
expand and swirl around much like an agitated tank or
boiling pot of water. A fluidized bed reactor is
preferred for use in the present invention because it
provides uniform particlemixing, uniform temperature
gradients and the ability to operate the reactor in a
continuous state. The catalyst leaves the reaction
zone with the reaction products and is separated
therefrom in order to be regenerated before being
recycled to the reaction zone. The ethane contact time
may range from 0.1 second to 1 minute. The ethane
contact time is the average amount of time that one
molecule of the ethane feed is in the reaction zone.
The preferred ethane contact time is from 1 to 5
seconds. Longer ethane contact times are less
desirable 



because they tend to allow for secondary reactions
that lead to less-desirable byproducts such as methane
and reduce selectivity to benzene and/or total
aromatics. The catalyst comprises from 0.005 to 0.1
%wt platinum, basis the metal. The platinum is highly
active in terms of catalyzing the dehydroaromatization
reaction and it is best if its concentration in the
catalyst not be more than 0.1 %wt because otherwise
too much methane will be produced. In one embodiment,
from 0.01 to 0.06 %wt platinum is used and most
preferably, from 0.01 to 0.05 %wt of platinum is used.
High performance is thus obtained with relatively low
amounts of metals in the catalyst. An attenuating
metal is an essential component of the catalyst of the
present invention. The attenuating metal moderates the
catalytic activity of platinum so as to reduce the
production of less-valuable methane byproduct. The
attenuating metal of the present invention is iron.
For the present invention, the amount of the
attenuating metal may be equal to or greater than the
amount of platinum, preferably not more than 0.2 %wt,
more preferably not more than 0.10% wt of the
attenuating metal is utilized in the catalyst because
more than that can cause the overall conversion to
aromatics to become too low for commercial use.The
catalyst also comprises from 10 to 99.9 %wt of one or
more aluminosilicate materials, preferably from 30 to
99.9 %wt, basis the aluminosilicate (s) . The
aluminosilicates preferably have a silicon dioxide
:aluminum trioxide molar ratio of from 20 to 80. The
aluminosilicates may preferably be zeolites having the
MFI or MEL type structure and may be ZSM-5, ZSM-8,
ZSM-Il, ZSM-12 or ZSM-35. The zeolite or zeolite
mixture is preferably converted to H+ form to provide
sufficient acidity to help catalyze the
dehydroaromatization reaction. This can be
accomplished by calcining the ammonium form of the
zeolite in air at a temperature of at least 400 0C .
The binder material serves the purpose of holding
invidivual zeolite crystal particles together to
maintain an overall catalyst particle size in the
optimal range for fluidized-bed operation or to
prevent excessive pressure drop in fixed or moving bed
operation. The binder may be selected from the group
consisting of alumina, silica, silica/alumina, various
clay materials such as kaolin, or mixtures thereof.
Preferably, amorphous inorganic oxides of gamma
alumina, silica, silica/alumina or a mixture thereof
may be included. Most preferably, alumina and/or
silica are used as the binder material . A platinum
containing crystalline aluminosilicate, such as ZSM-5,
may be synthesized by preparing the aluminosilicate
containing the aluminum and silicon in the framework,
depositing platinum on the aluminosilicate and then
calcining the aluminosilicate. The attenuating metal
may also be added by the same procedure, either prior
to, simultaneously with, or after the addition of
platinum. The metals may be added by any commonly
known method for adding metals to such structures
including incorporation into the aluminosilicate
framework during crystal synthesis, or subsequent
ionexchange into an already-synthesized crystal
framework, or well as by various impregnation methods
known to those skilled in the art. The platinum and
attenuating metal may be added by the same or
different methods. In a preferred embodiment of the
present invention an ethane feedstream is introduced
into the dehydroaromatization reactor. The feedstream
then comes into contact with the catalyst particles
for the prescribed period of time. The reaction
products leave the reactor and are transferred into a
separator. The separator removes the aromatic products
and the principal byproducts, methane and hydrogen,
which preferably may be recovered, and also removes
C2_5 byproducts and unreacted ethane which optionally
may be recycled to the dehydroaromatization reactor.
EXAMPLE The following example is illustrative only and
is not intended to limit the scope of the invention.
Example 1 Catalysts A through D were prepared on
samples of ZSM-5 zeolite powder CBV 3024E (30:1 molar
SiO2 A l2O3 ratio), available from Zeolyst
International. The powder samples were calcined in air
up to 6500C to remove residual moisture prior 



to use in catalyst preparation. Metals were deposited
on 25-50 gram samples of the above calcined ZSM-5
powder substrate by first combining appropriate
amounts of stock solutions of tetraammine platinum
nitrate and ammonium ferric oxalate, diluting this
mixture with deionized water to a volume just
sufficient to fill the pores of the substrate, and
impregnating the substrate with this solution at room
temperature and atmospheric pressure. Impregnated
samples were aged at room temperature for 2-3 hours
and then dried overnight at 1000C .Target platinum
levels for catalysts A , B , and C were all 0.04%wt.
The target platinum level for catalyst D was 0.15%wt.
Target iron levels for catalysts A , B , C , and D
were 0 , 0.04, 0.08, and 0.15%wt, respectively. The
platinum and iron contents of catalyst D were
determined by first calcining a sample of the catalyst
at 5500C to drive off residual moisture and render a
loss on ignition (LOI) percentage. A known mass of
untreated, ground catalyst D , corrected by LOI
percentage, was digested using closed vessel microwave
acid digestion involving nitric, hydrochloric, and
hydrofluoric acids . The solution was diluted to a
known volume with deionized water, then analyzed for
platinum and iron by directly coupled plasma emission
analysis. The results of duplicate analyses were 0.160
and 0.165 %wt for platinum (average value 0.1625 %wt)
and 0.174 and 0.170 %wt for iron (average value 0.172
%wt) . These results are expressed as weight percent
based on the weight of the 550C-calcined catalyst
sample. Catalysts made on the ZSM-5 substrate were
first loaded into plastic bags and pressed at 20,000
psig for 2 min using an isostatic press. The resulting
"rock" was then crushed and sieved to obtain 2.5-8.5
mm particles suitable for testing. For each
performance test, a 15-cc charge of catalyst was
loaded into a quartz tube (1.40 cm i.d.) and
positioned in a three-zone furnace connected to an
automated gas flow system. Prior to performance
testing, all catalyst charges were pretreated in situ
at atmospheric pressure as follows: (a) calcination
with air at 60 liters per hour (L/hr) , during which
the reactor wall temperature was increased from 25 to
5100C in 12 hrs, held at 5100C for 4-8 hrs, then
further increased from 510 to 6300C in 1 hr, then held
at 6300C for 30 min; (b) nitrogen purge at 60 L/hr,
6300C for 20 min;(c) reduction with hydrogen at 60
L/hr, 6300C for 30 min . At the end of the
pretreatment, 100% ethane feed was introduced at 15
L/hr (1000 gas hourly space velocity-GHSV) ,
atmospheric pressure, with the reactor wall
temperature maintained at 6300C . The total reactor
outlet stream was sampled and analyzed by an online
gas chromatography system two minutes after ethane
feed addition. Based on composition data obtained from
the gas chromatographic analysis, initial ethane
conversion and hydrocarbon product selectivities were
computed according to the following formulas: ethane
conversion, % = 100 x (100 - % wt ethane in outlet
stream) / (%wt ethane in feed) selectivity to
hydrocarbon product Y (other than ethane) = 100 x
(moles of carbon in amount of product Y generated) /
(moles of carbon in amount of ethane reacted) For
purposes of the selectivity calculation, C9+ aromatics
were assumed to have an average molecular formula of
CioH8 (naphthalene) . Analyzed platinum and tin levels
and initial aromatization performance data for
Catalysts A-D, prepared and tested as described above,
are presented in Table 1 . The data in Table 1
indicate that the low-Pt/Fe/ZSM-5 catalysts B and C of
the present invention (less than 0.05 %wt Pt, Fe level
greater than the amount of Pt but not above 0.10 %wt)
provide better initial suppression of methane
production and higher selectivity to benzene and total
aromatics under ethane aromatization conditions than
catalysts A and D , in which the Pt/Fe levels fall
outside the ranges of the present invention.TABLE 1
Catalyst B Target Pt Level , %wt 0 . 0 4 0 . 0 4 0 . 0
4 0 . 15 Target Fe Level , %wt 0 0 . 0 4 0 . 0 8 0 .
15 Ethane conversion, % 60 . 3 9 58 . 03 50 . 8 9 6 8
. 5 2 Selectivities, % (carbon basis) Methane 38 . 0 9
32 . 12 2 4 . 2 4 41 . 2 5 



Ethylene 6 . 52 7 . 1 7 . 95 3 . 58 Propylene 0 . 7 0
. 9 1 . 13 0 . 61 Propane 0 . 7 0 . 8 6 1 . 3 0 . 45
C4 Hydrocarbons 0 . 14 0 . 1 6 0 . 2 1 0 . 14 C5
Hydrocarbons 0 0 0 . 01 0 Benzene 33 . 3 3 6 . 02 3 6
. 5 1 30 . 4 9 Toluene 16 . 32 1 6 . 7 9 18 . 8 14 . 0
5 C8 Aroma tics 2 . 75 2 . 6 3 . 63 2 . 44 C9+
Aromatics 1 . 4 9 3 . 45 6 . 22 6 . 99 Total Aromatics
53 . 85 58 . 85 65 . 1 6 53 . 97C L A I_ M S _ 1 . A
process for producing aromatic hydrocarbons which
comprises : (a) contacting ethane with a
dehydroaromatization catalyst in a reactor for 0.1
seconds to 1 minute, said catalyst comprising: (1)
0.005 to 0.1 %wt platinum, basis the metal, (2) an
amount of iron which is equal to or greater than the
amount of the platinum, basis the metal, but not more
than 0.50 %wt of the catalyst; (3) 10 to 99.9 %wt of
an aluminosilicate, and (4) a binder; (b) collecting
the products from (a) and separating and recovering
C6+ aromatic hydrocarbons, (c) optionally recovering
methane and hydrogen; and (d) optionally recycling
C2-5 hydrocarbons to (a) . 2 . The process of claim 1
wherein the reactor comprises a bed of catalyst
particles and the ethane flows through the bed. 3 .
The process of claim 2 wherein the reactor is selected
from fixed bed, moving bed, and fluidized bed
reactors. 4 . The process of claim 1 wherein the
ethane is contacted with the catalyst for from 1 to 5
seconds. 5 . The process of claim 1 wherein the
reaction is carried out at from 550 to 7300C and from
0.01 to 1.0 MPa.6 . The process of claim 1 wherein the
amount of platinum is from 0.01 to 0.0 5 %wt . 7 . The
process of claim 1 wherein the catalyst comprises not
more than 0.10 %wt of the attenuating metal. 8 . The
process of claim 1 wherein the amount of the
aluminosilicate is from 30 to 99.9 %wt . 9 . The
process of claim 1 wherein the aluminosilicate has a
silicon dioxide :aluminum trioxide molar ratio of from
20 to 80. 10. The process of claim 1 wherein the
aluminosilicate is a zeolite, preferably converted to
the H+ form. 11. The process of claim 10 wherein the
zeolite is selected from the group consisting of
ZSM-5, ZSM-Il, ZSM-12, ZSM-23, and ZSM-35. 12. A
catalyst comprising: (a) 0.005 to 0.1 %wt platinum,
basis the metal, (b) an amount iron which is equal to
or greater than the amount of the platinum, basis the
metal, but not more than 0.5 %wt of the catalyst; (c)
10 to 99.9 %wt of an aluminosilicate, and (d a binder.
13. The catalyst of claim 12 wherein the amount of
platinum is from 0.01 to 0.05 %wt . 14. The catalyst
of claim 12 wherein the catalyst comprises not more
than 0.10 %wt of the attenuating metal.15. The
catalyst of claim 12 wherein the amount of the
aluminosilicate is from 30 to 99.9 %wt, preferably
having a silicon dioxide :aluminum trioxide molar
ratio of from 20 to 80, and most preferably being a
zeolite. 


