
Pyrimidine Compounds CROSS REFERENCE TO
RELATEDAPPLICATIONS Pursuant to 35 USC  119(e), this
application claims priority to U.S. Provisional
Application Serial No. 60/690,267, filed June 14,
2005, and U.S. Provisional Application Serial No.
60/798,596, filed May 8, 2006, the contents of which
are incorporated herein by reference. BACKGROUND
Chemokines are a family of cytokines that regulate the
adhesion and transendothelial migration of leukocytes
during an immune or inflammatory reaction (Mackay
C.R., Nat. Immunol., (2001) 2:95; Olson et al., Am. J
. Physiol. Regul. hitegr. Comp. Physiol, (2002)
283:R7). Chemokines also regulate T cells and B cells
trafficking and homing, and contribute to the
development of lymphopoietic and hematopoietic systems
(Ajuebor et al., Biochem. Pharmacol., (2002) 63:1191).
Approximately 50 chemokines have been identified in
humans. They can be classified into 4 subfamilies,
i.e., CXC, CX3C, CC, and C chemokines, based on the
positions of the conserved cysteine residues at the
N-terminal (Onuffer et al., Trends Pharmacol Sci.,
(2002) 23:459). The biological functions of chemokines
are mediated by their binding and activation of G
protein-coupled receptors (GPCRs) on the cell surface.
Take CXCR4 receptor for example, it can be activated
by Stromal-derived factor-1 or SDF-I, a member of CXC
chemokines. SDF-I was originally cloned from bone
marrow stromal cell lines and found to act as a growth
factor for progenitor B cells (Nishikawa et al., Eur.
J. Immunol., (1988) 18:1767). SDF-I also induces bone
marrow colonization of hematopoietic precursor cells
during embryogenesis (Bleul et al., J. Exp. Med.,
(1996) 184:1101). The physiological function of SDF-I
is mediated by CXCR4 receptor. Mice lacking SDF-I or
CXCR4 receptor show lethal abnormality in bone marrow
myelopoiesis, B cell lymphopoiesis, and cerebellar
development (Nagasawa et al., Nature, (1996) 382:635;
Ma et al., Proc. Natl. Acad. Sci., (1998) 95:9448; Zou
et al., Nature (1998) 393:595; Lu et al., Proc. Natl.
Acad. Sci. (2002) 99:7090). CXCR4 receptor is
expressed broadly in avariety of tissues, particularly
in immune and central nervous systems, and has been
described as the major co-receptor for HIV-1/2 on T
lymphocytes. Although initial interest in CXCR4
antagonism focused on its potential application to
AIDS treatment (Bleul et a!., Nature (1996) 382:829),
it is now becoming clear that CXCR4 receptor and SDF-I
are also involved in other pathological conditions
such as rheumatoid arthritis, asthma, and tumor
metastases (Buckley et al., J. Immunol., (2000)
165:3423). CXCR4 receptor and SDF-I are also found
widely expressed in many tissues during embryonic
development. Further, the CXCR4/SDF-1 pathway has been
shown to be critically involved in the regeneration of
several tissue injury models. Specifically, it has
been found that the SDF-I level is elevated at an
injured site and CXCR4-positive cells actively
participate in the tissue regenerating process.
SUMMARY This invention is based on the discovery that
certain pyrimidine compounds are effective in treating
inflammatory and immune diseases (e.g., retinopathy),
developmental or degenerative diseases, or tissue
injuries through their binding to chemokine receptors
(e.g., CXCR3 or CXCR4 receptors). In addition, these
compounds, when used in combination with G-CSF growth
factor, exhibited synergistic effects in stem cells
and endothelial progenitor cells mobilization. In one
aspect, this invention features pyrimidine compounds
of formula (I) and their salts: In this formula, X is
-N(R )- or -O-; or X, together with R , is C3-C2
heterocycloalkyl; or X, together with L2 and L3, is
C3-C20 heterocycloalkyl; each OfL1 and L2,
independently, is C1-C10 alkylene, C1-C10
heteroalkylene, -C(O)-, or deleted; or L1, together
with L3, R4, 



and the nitrogen attached to R4, is C3-C 0
heterocycloalkyl, or L2, together with L3 and X, is
C3-C20 heterocycloalkyl; L3 is -N(Rb)-, -O-, aryl,
heteroaryl, or C3-C2Ocycloalkyl; or L3, together with
L1, R4, and the nitrogen attached to R4, is C3-C20
heterocycloalkyl; orL3, together with L2 and X, is
C3-C20 heterocycloalkyl; each OfR 1, R2, and R3,
independently, is H, C1-C10 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl, aryl, heteroaryl, halo, CN,
OR,, COOR c, OC(O)Rc, C(O)R , C(O)NRcRd, OrNR Rd; R is
H, C1-C10 alkyl, C3-C 0 cycloalkyl, C3-C20
heterocycloalkyl, aryl, or heteroaryl; and R5 is C3-
C20 cycloalkyl, C3-C20 heterocycloalkyl, aryl,
heteroaryl, or C1-C1 alkyl substituted with C3-C20
cycloalkyl, C -C20 heterocycloalkyl, or N(R eRf) ; or
R5, together with X, is C3-C20 heterocycloalkyl; in
which each of R , Rb, Rc , R Re, a d Rf,
independently, is H, C1-Ci 0 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl, aryl, heteroaryl, or -C(O)R;
R being H, C1-C10 alkyl, C3-C20 cycloalkyl, C3-C20
heterocycloalkyl, aryl, or heteroaryl. Referring to
formula (I), a subset of the pyrrolidine compounds
described above are those in which X can be -N(R a)-,
each OfL 1 and L2, independently, can be C1-CiO
alkylene, -C(O)-, or deleted; and L3 can be -N(R b)-,
-0-, aryl, or C3-C20 cycloalkyl. As one example, in
certain pyrimidine compounds, L3 is -N(R b)-. In these
compounds, R5 can be C3-C20 cycloalkyl (e.g., Ci-C 10
alkyl substituted with C3-C20 cycloalkyl (e.g., or
C3-C20 heterocycloalkyl substituted with C1-C10 alkyl
(e.g., - \); Rb can be C1-C10 alkyl substituted with
N(R R"), in which each of R ' and R", independently,
is H, C1-Ci 0 alkyl, C3-C20 cycloalkyl, C3-C20
heterocycloalkyl, aryl, or heteroaryl; and Ri can b e
C3-C20 heterocycloalkyl (e.g., As another example, in
certain pyrimidine compounds, L3 can be aryl (e.g.,
phenylene). In these compounds, R5 can be Ci-Ci 0
alkyl substituted with C3-C 0 heterocycloalkyl (e.g.,
, or HCH2)3 O f-(CH2)3-NH-/ ) ) or C1-C10 alkyl
substituted with N(R Rf) (e.g., - , or R5, together
with X, isC3-C20 heterocycloalkyl (e.g., R3 can be H,
halo C1-Ci0 alkyl, OR , N Rd or C3-C2O
heterocycloalkyl optionally substituted with C1-C10
alkyl, C3-C20 cycloalkyl, C3-C20 heterocycloalkyl,
aryl, OR', C(O)R', COOR', C(0)N(R'R"), SO2R', C(S)N(R
R"), OSO3R', or P0(0R') 2, in which each of R' and R",
independently, isH, C1-C10 alkyl, C3-C O cycloalkyl,
C3-C2O heterocycloalkyl, aryl, or heteroaryl. For -N O
|-N > example, R3 can be H, Cl, CH3, OPh, - , -
optionally substituted with \-N NH OH, - optionally
substituted with Cj-C10 alkyl, C3-C2Ocycloalkyl, C
-C20 heterocycloalkyl, aryl, OH, C(O)R', COOR',
C(O)N(R R"), SO2R', C(S)N(R R"), OSO3R', PO(OR5)2, or
NH(R5) substituted with OH or NHC(O)R' ' . As another
example, in certain pyrimidine compounds, L3 can be
C3-C20 cycloalkyl (e.g., cyclohexylene). In these
compounds, R can be C1-C1O alkyl substituted with N(R
Rf) (e.g., and R3 can be C3-C2O heterocycloalkyl
substituted with C1-Ci0 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl, aryl, OR', C(O)R', COOR',
C(O)N(R R"), SO2R', or C(S)N(R R"), in which each of
R5 and R", independently, is H, C1-C10 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl, aryl, or
heteroaryl. The term "alkyl55 refers to a saturated or
unsaturated, linear or branched hydrocarbon moiety,
such as -CH3, -CH2-CH=CH2, or branched -C H7. The term
"alkylene55 refers to a divalent, saturated or
unsaturated, linear or branched hydrocarbon moiety,
such as -CH2- or -CH=CH-. The term "heteroalkylene 55
refers to an alkylene moiety having at least one
heteroatom (e.g., N, O, or S). The term "cycloalkyl"
refers to a saturated or unsaturated, non-aromatic,
cyclic hydrocarbon moiety, such as cyclohexyl or
cyclohexen-3-yl. The term "heterocycloalkyl" refers to
a saturated or unsaturated, non-aromatic, cyclic
moiety having at least one ring heteroatom (e.g., N,
O, or S), such as 4-tetrahydropyranyl or 4-pyranyl.
The term "aryl" refers to a hydrocarbon moiety having 



one or more aromatic rings. Examples of aryl moieties
include phenyl (Ph), phenylene, naphthyl, naphthylene,
pyrenyl, anthryl, and phenanthryl. The term
"heteroaryl55 refers to a moiety having one or more
aromatic rings that contain at least one heteroatom
(e.g., N,O, or S). Examples of heteroaryl moieties
include furyl, furylene, fluorenyl, pyrrolyl, thienyl,
oxazolyl, imidazolyl, thiazolyl, pyridyl, pyrimidinyl,
quinazolinyl, quinolyl, isoquinolyl and indolyl.
Alkyl, alkylene, heteroalkylene, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl mentioned
herein include both substituted and unsubstituted
moieties, unless specified otherwise. Possible
substituents on cycloalkyl, heterocycloalkyl, aryl,
and heteroaryl include, but are not limited to, C1-C10
alkyl, C2-C10 alkenyl, C2-C1Oalkynyl, C3-C2O
cycloalkyl, C3-C20 cycloalkenyl, C3-C20
heterocycloalkyl, C3-C20 heterocycloalkenyl, C1- C10
alkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy,
amino, C1-C1 alkylamino, C1-C2O dialkylamino,
arylamino, diarylamino, hydroxyl, halogen, thio,
Cj-Cio alkylthio, arylthio, C1-C10 alkylsulfonyl,
arylsulfonyl, acylamino, aminoacyl, aminothioacyl,
amidino, guanidine, ureido, cyano, nitro, acyl,
thioacyl, acyloxy, carboxyl, and carboxylic ester. On
the other hand, possible substituents on alkyl,
alkylene, or heteroalkylene include all of the
above-recited substituents except C1-C10 alkyl, C2-C10
alkenyl, and C -C10 alkynyl. Cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl can also be
fused with each other. In another aspect, this
invention features pyrimidine compounds of formula (I)
shown above in which X is -N(Ra)- or -O-; each OfL1
and L2, independently, is C1-C10 alkylene, C1-C10
heteroalkylene, -C(O)-, or deleted; L3 is -N(Rb)-,
C3-C20 cycloalkyl, aryl, heteroaryl, or deleted; R1 is
H, C1-C10 alkyl, C3-C20 cycloalkyl, aryl, heteroaryl,
halo, CN, ORc, COORc, OC(O)Rc, C(O)R0, C(O)NRcRd, or
NR Rd; each of R2 and R3, independently, is H, Ci-Ci 0
alkyl, C3-C2 cycloalkyl, C3-C20 heterocycloalkyl,
aryl, heteroaryl, halo, CN, ORs, COOR , OC(O)R ,
C(O)R6, C(O)NReRf, orNR eRf; and each OfR and R ,
independently, is H, C1-C10 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl, aryl, or heteroaryl; or R4
and R5 together are C1-C10 alkylene or C1-C10
heteroalkylene; in which each of Ra, Rb, R , Rd, Re
and Rf, independently, is H, C1-C10 alkyl, C3-C2
cycloalkyl, C3-C2Oheterocycloalkyl, aryl, or
heteroaryl; or a salt thereof. Referring to formula
(I), a subset of the just-described pyrimidine
compounds are those in which X is -N(Ra)-; each OfL1
and L2, independently, is C1-C10 alkylene; L3 is
deleted; R1 is NR Rd; each of R2 and R3,
independently, is H, C1-C10 alkyl, halo, or C3- C20
cycloalkyl; and each OfR4 and R5, independently, is H
or C3-C20 cycloalkyl; or R4 and R5 together are C1-Ci
0 alkylene or C1-C10 heteroalkylene. In these
compounds, Rcan be - / , or R4 and R5 together can be
-CH2CH2-; one OfR and R can be C1- C10 alkyl
substituted with N(RR') or aryl, in which each of R
and R', independently, is H, Ci-Cio alkyl, C -C20
cycloalkyl, C3-C20 heterocycloalkyl, aryl, or
heteroaryl (e.g., one of Rc and Rd being - N NH R3 can
be - substituted with Ci-C10 alkyl, which is in turn
substituted with C3-C20 heterocycloalkyl or OR, R
being H, C1-CiOalkyl, C3-C20 cycloalkyl, C3-C20
heterocycloalkyl, aryl, or heteroaryl. In still
another aspect, this invention features a method for
treating an inflammatory or immune disease, a
developmental or degenerative disease, or a tissue
injury. The method includes administering to a subject
in need thereof an effective amount of one or more
pyrimidine compounds of formula (I) shown above. The
term "treating" or "treatment" refers to administering
one or more pyrimidine compounds to a subject, who has
an above-described disease, a symptom of such a
disease, or a predisposition toward such a disease,
with the purpose to confer a therapeutic effect, e.g.,
to cure, relieve, alter, affect, ameliorate, or
prevent the abovedescribed disease, the symptom of it,
or the predisposition toward it. An inflammatory
disease is characterized by a local or systemic, acute
or chronic inflammation. Examples include retinopathy,
inflammatory dermatoses (e.g., dermatitis, 



eczema, atopic dermatitis, allergic contact
dermatitis, urticaria, necrotizing vasculitis,
cutaneous vasculitis, hypersensitivity vasculitis,
eosinophilic myositis, polymyositis, dermatomyositis,
and eosinophilic fasciitis), inflammatory bowel
diseases (e.g., Crohn's disease and ulcerative
colitis), hypersensitivity lung diseases (e.g.,
hypersensitivity pneumonitis, eosinophilic pneumonia,
delayed-type hypersensitivity, interstitial lung
disease or ILD, idiopathic pulmonary fibrosis, and ELD
associated with rheumatoid arthritis), asthma, and
allergic rhinitis. An immune disease is characterized
by a hyper- or hypo-reaction of the immune system.
Examples include autoimmune diseases (e.g., rheumatoid
arthritis, psoriatic arthritis, systemic lupus
erythematosus, myasthenia gravis, juvenile onset
diabetes,glomerulonephritis, autoimmune throiditis,
ankylosing spondylitis, systemic sclerosis, and
multiple sclerosis), acute and chronic inflammatory
diseases (e.g., systemic anaphylaxia or
hypersensitivity responses, drag allergies, insect
sting allergies, graft rejection, including allograft
rejection, and graft-versus-host disease), Sjogren's
syndrome, human immunodeficiency virus infection,
cancer (e.g., brain, breast, prostate, colon, kidney,
ovary, thyroid, lung, and haematopoietic cancer), and
tumor metastasis. Developmental diseases are growth or
differentiation related disorders that lead to
loss-of-function or gain-of-function. Degenerative
diseases generally refer to change of a tissue to a
lower or less functional form. Examples of a
developmental or degenerative disease include spinal
muscular atrophy, Duchenne muscular dystrophy,
Parkinson's disease, and Alzheimer's disease. Tissue
injuries can be caused by oxidative stress (e.g.,
ischemia-reperfusion in stroke or myocardial
infarction), complement activation, graft rejection,
chemicals (e.g., alcohol-induced liver damage or
mucosal tissue injuries in cancer therapy), viral
infection (e.g., glomerular injuries associated with
hepatitis C infection), and mechanical forces (e.g.,
sports injury). Examples of tissue injuries include
brain injury, heart injury, liver damage, skeletal
muscle injury, kidney damage, pancreatic injury, lung
injury, skin injury, and gastrointestinal tract
injury. A subject in need of treatment of an
above-described disease can also be concurrently
administered with a pyrimidine compound described
above and one or more other therapeutic agents.
Examples of such a therapeutic agent include a G-CSF
growth factor, a steroidal or a non-steroidal
anti-inflammatory drag, a COX2 inhibitor, a
leukotriene receptor inhibitor, a prostaglandin
modulator, a TNF modulator, and an immunosuppressive
agent (e.g., cyclosporine A). The term "concurrently
administered" refers to administering a pyrimidine
compound and one or more other therapeutic agents at
the same time or at different times during the period
of treatment. In still another aspect, this invention
features a method for enhancing migration of bone
marrow-derived cells to blood. The method includes
administering to a subject in need thereof an
effective amount of one or more pyrimidine compounds
of formula (I) shown above. The term "bone
marrow-derived cells" refers to cells originating from
bone marrow. Examples of bone marrow-derived cells
include, but are not limited to,CD34+ cells and CD133+
cells. Preferrably, bone marrow-derived cells are stem
cells or endothelial progenitor cells. In still
another aspect, this invention features a chemical
synthetic method. The R1 method includes reacting a
compound of the formula R3 N R with a compound of the
formula to give a compound of formula (II): R3,
independently, is H, C1-C1 alkyl, C3-C20 cycloalkyl,
C3-C2 heterocycloalkyl, aryl, heteroaryl, halo, CN, OR
, COOR , OC(O)R , C(O)R3, C(O)NR3Rb, OrNR3Rb; R is
halo; and R7 is a amino-protecting group (e.g.,
t-butoxycarbonyl, benzyloxycarbonyl, acetyl,
phenylcarbonyl, or trialkylsilyl); in which each of R3
and Rb, independently, is H, C1-C1 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl, aryl, heteroaryl,
or -C(O)R; R being H, C1-C10 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl, aryl, or heteroaryl. 



The method can further include deprotecting the
compound of formula (II) to give a compound of formula
(III): (III). In a subset of compounds of formula
(III), Ri is N(R3Rb), in which R and Rb,
independently, is H5 Ci-C 10 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl, aryl, or heteroaryl. hi
thesecompounds, one of Ra and Rb can be or - 'J . In ~
|-N NH another subset of compounds of formula (TS), R3
is - optionally substituted with C1-C10 alkyl, C3-C20
cycloalkyl, C3-C20 heterocycloalkyl, or aryl.
Referring to formula (II), when R3 is halo, a compound
of formula (H) can further HN Y react with a compound
of the formula - to give a compound of formula (IV):
(IV). In this formula, Y is -O-, -CH2-, or -ISf(R0)-,
in which R is H, C1-C10 alkyl, C3-C20 cycloalkyl,
C3-C20 heterocycloalkyl, aryl, heteroaryl, or halo.
The compound of formula (IV) can be deprotected to
give a compound of formula (V): (V). Referring to
formula (IV), when Y is NH, a compound of formula (IV)
can further react with a compound of the formula Rd to
give a compound of formula (VI): (VI), in which Z is
-CH2- or -C(O)-; Rd is C1-C10 alkyl, C3-C20
cycloalkyl, C3-C2O heterocycloalkyl, aryl, or
heteroaryl; and Re is halo. The compound of formula
(VI) can b e deprotected to give a compound offormula
(VII): (VII). As another example, when Y is NH, a
compound of formula (IV) can further react with a
compound of the formula e to give an imine compound,
followed by reducing the imine compound to give a
compound of formula (VI). In the formula , Z is
-C(O)-; Rd is C1-C10 alkyl, C3-C20 cycloalkyl, C3-C20
heterocycloalkyl, aryl, or heteroaryl; and Re is H. As
another example, when Y is NH, a compound of formula
(TV) can further react O with a compound of the
formula O R to give an ester compound, followed by
hydrolyzing the ester compound to give a compound of
formula (VIII): (VIII)3 in which R 1 is C1-C10 alkyl,
C3-C20 cycloalkyl, C3-C20 heterocycloalkyl, aryl, or
heteroaryl. The compound of formula (VIII) can be
deprotected to give a compound of formula (IX): (IX).
As a further example, when Y is NH, a compound of
formula (IV) can further react with a compound of the
formula 0Rd to give a compound of formula (X):(X), in
which R is C1-C10 alkyl, C3-C2 cycloalkyl, C3-C20
heterocycloalkyl, aryl, or heteroaryl. The compound of
formula (X) can be deprotected to give a deprotected
compound, followed by hydrolyzing the deprotected
compound to give a compound of formula (XI): Referring
to formula (II), when R3 is halo, a compound of
formula (II) can further react with a compound of the
formula RcOH to give a compound of formula (XII):
(XII), in which R is C1-C10 alkyl, C3-C20 cycloalkyl,
C -C2 heterocycloalkyl, aryl, or heteroaryl. The
compound of formula (XII) can be deprotected to give a
compound of formula (XIII): Referring to formula (II),
when R is CN, the compound of formula (II) can be
reduced to give a compound of formula (XIV):(XIV). The
compound of formula (XIV) can further react with a
compound of the formula R NH2 to give an imine
compound, followed by reducing the imine compound to
give a compound of formula (XV): (XV), in which R is
C1-C10 alkyl, C3- C2ocycloalkyl, Cs-C20
heterocycloalkyl, aryl, or heteroaryl. The compound of
formula (XV) can be deprotected to give a compound of
formula (XVI): 



In a further aspect, the invention features a chemical
synthetic method that includes reacting a compound of
the formula with a R6 compound of the formula to give
a compound of formula (XVII):(XVII). In formula
(XVII), each of R1 and R2, independently, is H, Ci-Ci
0 alkyl, C3-C2O cycloalkyl, C3-C20 heterocycloalkyl,
aryl, heteroaryl, halo, CN, OR , COORa, OC(O)R 8,
C(O)R3, C(O)NR Rb, or NR Rb; R3 is halo; and R6 is a
amino-protecting group; in which each of R and Rb,
independently, is H, Ci-Cio alkyl, C3-C20 cycloalkyl,
C3-C2 heterocycloalkyl, aryl, heteroaryl, or -C(O)R; R
being H, Cj-Cio alkyl, C3-C20 cycloalkyl, C3-C20
heterocycloalkyl, aryl, or heteroaryl. The method can
further include protecting the compound of formula
(XX), followed by reacting the protected compound of
formula (XVII) with a compound of the formula HN Y -
to give a compound of formula (XVIII): (XVIII). In
formula (XVIII) R7 is a amino-protecting group; and Y
is -0-, -CH2-, or -N(R )-, in which R0 is H, C1-C10
alkyl, Cs-C20 cycloalkyl, C3-C2 heterocycloalkyl,
aryl, heteroaryl, or halo. Referring to formula
(XVIII), when Y is NH, the method can further include:
(1) reacting the compound of formula (XVIII) with a
compound of the formula to give an ester compound; (2)
hydrolyzing the ester compound to give an acid
compound; and (3) deprotecting the acid compound to
give a compound of formulawhich R is C1-C10 alkyl,
C3-C20 cycloalkyl, C3-C20 heterocycloalkyl, aryl, or
heteroaryl; and Re is halo. In addition, this
invention encompasses a pharmaceutical composition
that contains an effective amount of at least one of
the above-mentioned pyrimidine compounds and a
pharmaceutically acceptable carrier. The pyrimidine
compounds described above include the compounds
themselves, as well as their salts, prodrugs, and
solvates, if applicable. A salt, for example, can be
formed between an anion and a positively charged group
(e.g., amino) on a pyrimidine compound. Suitable
anions include chloride, bromide, iodide, sulfate,
nitrate, phosphate, citrate, methanesulfonate,
trifluoroacetate, acetate, malate, tosylate, tartrate,
fumurate, glutamate, glucuronate, lactate, glutarate,
and maleate. Likewise, a salt can also be formed
between a cation and a negatively charged group (e.g.,
carboxylate) on a pyrimidine compound. Suitable
cations include sodium ion, potassium ion, magnesium
ion, calcium ion, and an ammonium cation such as
tetramethylammonium ion. The pyrimidine compounds also
include those salts containing quaternary nitrogen
atoms. Examples of prodrugs include esters and other
pharmaceutically acceptable derivatives, which, upon
administration to a subject, are capable of providing
active pyrimidine compounds. A solvate refers to a
complex formed between an active pyrimidine compound
and a pharmaceutically acceptable solvent. Examples of
pharmaceutically acceptable solvents include water,
ethanol, isopropanol, ethyl acetate, acetic acid, and
ethanolamine. Also within the scope of this invention
is a composition containing one or more of the
pyrimidine compounds described above for use in
treating an above-described disease, and the use of
such a composition for the manufacture of a medicament
for the just-mentioned treatment.The details of one or
more embodiments of the invention are set forth in the
description below. Other features, objects, and
advantages of the invention will be apparent from the
description and from the claims.DETAILED DESCRIPTION
Shown below are exemplary compounds, compounds 1-268,
of this invention: Compound 1 Compound 2 Compound 3
Compound 4 Compound 5 Compound 6 Compound 7 Compound 8
Compound 9 Compound 14 



Compound 16 Compound 17Compound 28 Compound 29
Compound 30 Compound 33 Compound 35SELECTIVE AROMATICS
ISOMERIZATION PROCESS BACKGROUND OF THE INVENTION
[0001] This invention relates to catalytic hydrocarbon
conversion, and more specifically to aromatics
isomerization. The xylene isomers are important
intermediates which find wide and varied application
in chemical syntheses. Para-xylene is a feedstock for
terephthalic acid which is used in the manufacture of
synthetic textile fibers and resins. Meta-xylene is
used in the manufacture of plasticizers, azo dyes,
wood preservers, etc. Ortho-xylene is feedstock for
phthalic anhydride production. [0002] The proportions
of xylene isomers obtained from catalytic reforming or
other sources generally do not match demand
proportions as chemical intermediates, and further
comprise ethylbenzene which is difficult to separate
or to convert. Para-xylene in particular is a major
chemical intermediate with rapidly growing demand, but
amounts to only 20-25% of a typical Cg-aromatics
stream. Adjustment of isomer ratio to demand can be
effected by combining xylene-isomer recovery, such as
adsorption for para-xylene recovery, with
isomerization to yield an additional quantity of the
desired isomer. Isomerization converts a
non-equilibrium mixture of the xylene isomers which is
lean in the desired xylene isomer to a mixture
approaching equilibrium concentrations. [0003] Various
catalysts and processes have been developed to effect
xylene isomerization, and these usually are
differentiated by the manner of processing
ethylbenzene associated with the xylene isomers.
Ethylbenzene is not easily isomerized to xylenes, but
it normally is converted in the isomerization unit
because separation from the xylenes by
superfractionation or adsorption is very expensive. A
widely used approach is to dealkylate ethylbenzene to
form principally benzene while isomerizing xylenes to
a near-equilibrium mixture. An alternative approach is
to react the ethylbenzene to form a xylene mixture via
conversion to and reconversion from naphthenes in the
presence of a solid acid catalyst with a
hydrogenation- dehydrogenation function. [0004]
Catalysts containing molecular sieves have become
prominent in these approaches to xylene isomerization
in the past few decades. US 3,377,400 teaches
liquid-phase isomerization and disproportionation of
alkylaromatic hydrocarbons using a crystalline
aluminosilicate catalyst. US 3,856,872 teaches xylene
isomerization and ethylbenzeneconversion with a
catalyst containing ZSM-5, -12, or -21 zeolite. US
4,957,891 discloses a catalyst for the isomerization
of a mixture of xylenes and ethylbenzene comprising a
platinum-group metal, gallium-substituted pentasil
zeolite and zirconia-alumina matrix. US 4,962,258
discloses a process for isomerization of a major
amount of xylenes and minor amount of ethylbenzene
over gallium-containing, crystalline silicate
molecular sieves as an improvement over
aluminosilicate zeolites ZSM-5, ZSM-12, and ZSM-21. US
6,872,866 discloses a liquid-phase process using two
catalysts comprising beta zeolite and low Si/Al2 MTW
for the isomerization of xylenes and ethylbenzene.
[0005] In contrast to the known art for isomerizing
xylenes with effective conversion of ethylbenzene, the
present invention features high retention of
ethylbenzene while isomerizing xylenes. This approach
enables effective further processing of the isomerized
product with selective conversion of ethylbenzene to
paraxylene. Alternatively, the product from the
present process could be separated to recover
ethylbenzene as well as para-xylene and/or other
xylene isomers. In yet other embodiments,
ethylaromatics can be preserved when isomerizing
alkylaromatic feed mixtures containing higher
alkylaromatics such as ethyltoluene. SUMMARY OF THE
INVENTION [0006] A principal object of the present
invention is to provide a novel process using a
combination of catalysts and systems tailored to
specific reactions for isomerization of Cgaromatic 



hydrocarbons to obtain improved yields of desired
xylene isomers with high retention of ethylbenzene and
concomitant preservation of C cyclics. [0007] The
invention is a process for the isomerization of a
non-equilibrium alkylaromatic feed mixture comprising
a substantial content of one or more ethylaromatic
hydrocarbons by contacting the feed mixture in liquid
phase with an isomerization catalyst comprising
gallium-substituted pentasil zeolite having the
substantial absence of a platinumgroup metal, at
isomerization conditions in the substantial absence of
hydrogen to obtain an isomerized product comprising a
higher concentration of at least one alkylaromatic
isomer with a conversion of the ethylaromatic
hydrocarbons of no more than 7%. The nonequilibrium
Cg-aromatic feed mixture may comprise a substantial
content of ethylbenzene as the ethylaromatic
hydrocarbon and the isomerization catalyst may
comprise a Ga-MFI zeolitehaving the substantial
absence of a platinum-group meta. The isomerization
product may comprise a higher concentration of at
least one xylene isomer with a conversion of
ethylbenzene of no more than 7%. DETAILED DESCRIPTION
OF THE INVENTION [0008] The non-equilibrium
alkylaromatic feed mixture to aromatics isomerization
comprises isomerizable alkylaromatic hydrocarbons of
the general formula C H n Rn where n is an integer
from 1 to 5 and R is CH3, C2H5, C3H7, or C4H9, in any
combination suitable for isomerization to obtain at
least one more valuable alkylaromatic isomer in an
isomerized product. The feed mixture comprises a
substantial content of one or more ethylaromatic
hydrocarbons containing at least one ethyl group,
i.e., at least one R of at least one of the
alkylaromatic hydrocarbons is C2H5. Suitable
components of the feed mixture generally include, for
example but without so limiting the invention,
ethylbenzene, metaxylene, ortho-xylene, para-xylene,
ethyl-toluenes, trimethylbenzenes, diethyl-benzenes,
triethylbenzenes, methylpropylbenzenes,
ethylpropylbenzenes, diisopropylbenzenes, and mixtures
thereof. [0009] Isomerization of a non-equilibrium C
-aromatic feed mixture comprising xylenes and
ethylbenzene is a particularly preferred application
of the present invention. By "nonequilibrium" is meant
that at least one Cg-aromatic isomer is present in a
concentration that differs substantially from the
equilibrium concentration at isomerization conditions.
Usually the non-equilibrium mixture is prepared by
removal of para-, ortho- and/or meta-xylene from a
fresh C aromatic mixture obtained from one or more
aromatics-production or aromaticsconversion processes.
The feed mixture generally has an ortho-xylene content
in the approximate range of 0 to 35 wt-%, a
meta-xylene content in the approximate range of 20 to
95 wt-% and a para-xylene content in the approximate
range of 0 to 30 wt-% with a substantial content of
ethylbenzene. [0010] Although the present process may
be used advantageously for the isomerization of an
ethylbenzene-free mixture of xylenes, the feed mixture
thus generally will have a substantial content of
ethylbenzene. The term "substantial content" generally
relates to an ethylbenzene content of at least from 1
to 60 wt-%, and more usually of from 5 to 35 wt-%.
Often the ethylbenzene content is at 10 wt-% or more,
and sometimes at least 15 wt-%.[0011] The
alkylaromatic feed mixture may be derived from any of
a variety of original sources, e.g., petroleum
refining, thermal or catalytic cracking of
hydrocarbons, coking of coal, or petrochemical
conversions. Preferably the feed mixture utilized in
the present invention is found in appropriate
fractions from various petroleum-refinery streams,
e.g., as individual components or as certain
boiling-range fractions obtained by the selective
fractionation and distillation of catalytically
cracked or reformed hydrocarbons. The isomerizable
aromatic hydrocarbons need not be concentrated; the
process of this invention allows the isomerization of
alkylaromatic-containing streams such as catalytic
reformate with or without subsequent aromatics
extraction to produce specified xylene isomers and
particularly to produce para-xylene. A Cg-aromatics
feed to the present process may contain nonaromatic
hydrocarbons, i.e., naphthenes and paraffins, in an
amount up to 30 wt-%. Preferably the isomerizable
hydrocarbons consist essentially of aromatics,
however, to 



ensure pure products from downstream recovery
processes. [0012] According to the process of the
present invention, an alkylaromatic hydrocarbon feed
mixture is contacted with a catalyst of the type
hereinafter described in liquid phase. Contacting may
be effected using the catalyst system in a fixed-bed
system, a moving-bed system, a fluidized-bed system,
slurry system or ebullated-bed system or in a
batch-type operation. In view of the danger of
attrition loss of valuable catalysts and of the
simpler operation, it is preferred to use a fixed-bed
system. [0013] In the preferred manner, the feed
mixture is preheated by suitable heating means as
known in the art to the desired reaction temperature
and passes in liquid phase in the substantial absence
of hydrogen into a reactor section containing a fixed
bed or beds of the isomerization catalyst. The term
"substantial absence of hydrogen" means that no free
hydrogen is added to the feed mixture and that any
dissolved hydrogen from prior processing is
substantially less than 0.05 moles/mole of feed,
frequently less than 0.01 moles/mole, and possibly not
detectable by usual analytical means. The reactor
section may comprise a single reactor or two or more
separate reactors with suitable means therebetween to
ensure that the desired isomerization temperature is
maintained at the entrance to each reactor. The
reactants may be contacted with the catalyst bed in
upward-, downward-, or radial-flow fashion to obtain
an isomerized product which contains alkylaromatic
isomers in a ratio which differs from that of the feed
mixture. In the preferred processing of Cg-aromatics,
the isomerizedproduct contains xylenes in proportions
closer to equilibrium than in the feed mixture plus
ethylbenzene in a proportion relating to that in the
feed mixture. [0014] The present process features high
retention of ethylaromatics, and specifically of
ethylbenzene, through the isomerization process.
Conversion of ethylaromatics and specifically of
ethylbenzene, relating the amount in the isomerized
product to the amount in the feed mixture, is usually
no more than 7%', preferably less than 5%, and often
less than 3%. [0015] The alkylaromatic feed mixture,
preferably a non-equilibrium mixture of C aromatics,
contacts the isomerization catalyst in liquid phase at
suitable isomerization conditions. Such conditions
comprise temperature ranging from 100 to 500C, and
preferably from 200 to 4000C. The pressure is
sufficient to maintain the feed mixture in liquid
phase, generally from 500 kPa to 5 MPa absolute. The
reactor section contains a sufficient volume of
catalyst to provide a liquid hourly space velocity
with respect to the feed mixture of from 0.5 to 50 hr
, and preferably 0.5 to 20 hr . [0016] The isomerized
product comprises a concentration of at least one
alkylaromatic isomer that is higher than the
equilibrium concentration at isomerization conditions.
The isomerized product preferably is a mixture of Cg
aromatics having a concentration of paraxylene that is
higher than that of the feed with high retention of
ethylbenzene. Preferably the concentration of
para-xylene is at least 22 wt-%, and often is 23 wt-%
or more. The Cgaromatic ring loss relative to the feed
mixture is usually less than 3 wt-% and often less
than 2 wt-%. [0017] The specific further processing of
the isomerized product is not deemed to be critical to
the instant invention. Typically, reactor effluent is
condensed and the liquid product then is fractionated
to remove light and/or heavy byproducts and obtain the
isomerized product. In some instances, certain product
species such as ortho-xylene may be recovered from the
isomerized product by selective fractionation. The
isomerized product from isomerization of Cg aromatics
usually is processed to selectively recover the
para-xylene isomer, optionally by crystallization.
Selective adsorption is preferred using crystalline
aluminosilicates according to US 3,201,491.
Improvements and alternatives within the preferred
adsorption recovery process are described in, for
example, US 3,626,020;US 3,696,107; US 4,039,599; US
4,184,943; US 4,381,419 and US 4,402,832, incorporated
herein by reference thereto. [0018] An advantageous
further processing step is the selective conversion of
ethylbenzene to para-xylene, exemplified in US
5,240,891 which discloses a MgAPSO 



molecular sieve having a narrow ratio of framework
magnesium and its use in xylene isomerization. This
processing step may be applied to the isomerized
product either without or after one or more of the
separation steps described above. The combination of
the present invention with selective ethylbenzene
conversion can yield a product having a
superequilibrium concentration of para-xylene. [0019]
The catalyst used in the processes of this invention
comprises a galliumsubstituted pentasil zeolite
utilized in the instant invention preferably has a
formula (expressed in terms of mole ratios of oxides)
as follows: M2 /n O:W2O3 :ySiO2 :zH2O wherein M is at
least one cation of valence n,W is gallium and/or
aluminum, y is at least 5, preferably at least 12, and
z is from 0 to 40. The zeolite preferably has an X-ray
diffraction characteristic of pentasil zeolites, which
includes ZSM-5, ZSM-8, ZSM-1 1, ZSM-12, ZSM-23, and
ZSM-35, with ZSM-5, often characterized as MFI, being
particularly preferred. "Pentasil" is a term used to
describe a class of shape-selective zeolites. This
novel class of zeolites is well known to the art and
is typically characterized by a silica/alumina mole
ratio of at least 12. Suitable descriptions of the
pentasils may be found in US 4,159,282; US 4,163,018;
and US 4,278,565, all of which are incorporated herein
by reference. The zeolite framework may contain only
gallium and silicon atoms or may contain a combination
of gallium, aluminum, and silicon atoms. The gallium
content, expressed as mole ratios of SiO2ZGa O , may
range from 20:1 to 400:1. The preferred
gallium-substituted pentasil zeolite has a ZSM-5 or
MFI structure with a gallium content ranging from 0.1
to 10 wt-% of the zeolite, more preferably ranging
from 0.5 to 5 wt-% and most preferably at least 1
wt-%. The gallium-substituted pentasil zeolite may be
prepared by crystallization from a reaction mixture
comprising a silica source, a source OfGa2O3 , a
source OfAl2O3 if desired, and optionally an organic
template compound. It is believed that the preparation
of zeolites is within the competence of one skilled in
the art and a particular preparation method is
notcritical to the instant invention. The preferred
zeolite component of the present catalyst,
gallium-substituted ZSM-5 or MFI, is referred to
herein as Ga-MFI. [0020] The Ga-MFI zeolite preferably
is composited with a binder for convenient formation
of catalyst particles. The proportion of zeolite in
the catalyst may range from 1 to 99 wt-%, and is often
5 to 90 wt-%, and preferably 20 to 80 wt-%, the
remainder principally being the binder component.
Refractory inorganic oxide binders are preferred and
the binder should be a porous, adsorptive support
having a surface area of 25 to 500 m /g. Suitable
binder materials include those which have
traditionally been used in hydrocarbon conversion
catalysts such as: (1) refractory inorganic oxides
such as aluminas, zirconia, titania, chromia, zinc
oxide, magnesia, thoria, boria, silica-alumina,
silica-magnesia, chromiaalumina, alumina-boria,
silica-zirconia, phosphorus-alumina, etc.; (2)
ceramics, porcelain, bauxite; (3) silicas or silica
gel, silicon carbide, clays and silicates including
those synthetically prepared and naturally occurring,
which may or may not be acid treated, for example,
attapulgite clay, diatomaceous earth, fuller's earth,
kaolin, kieselguhr, etc.; (4) crystalline zeolitic
aluminosilicates, either naturally occurring or
synthetically prepared such as FAU, MEL, MFI, MOR, MTW
(IUPAC Commission on Zeolite Nomenclature), in
hydrogen form or in a form which has been exchanged
with metal cations, (5) spinels such as MgAl2q 4,
FeAl2 q 4, Z11AI2O4, CaAl2q 4, and other like
compounds having the formula MO AI2O3 where M is a
metal having a valence of 2; and (6) combinations of
materials from one or more of these groups. [0021] A
zirconia-alumina matrix is particularly preferred.
This matrix is a composite of two porous refractory
inorganic oxides having basic chemical formulae of
ZK>2 and AI2O3, respectively. Suitable alumina
materials are the crystalline aluminas known as
gamma-, eta-, and theta-, with gamma- or eta-alumina
being the most preferred. It is preferred that the
matrix contains from 90 to 99 wt-% alumina. The
zirconia portion of the matrix preferably constitutes
from 1 to 10 wt-% of the matrix. Preferred physical
properties of the matrix 



include an apparent bulk density of 0.3 to 0.8 g/cc
and surface area characteristics such that the average
pore diameter is 20 to 300 angstroms, the pore volume
is 0.1 to 1 cc/g, and the surface area is 100 to 500 m
/g. [0022] Preparation of the matrix material may be
performed in any suitable manner known to the art. A
particularly preferred method of preparing the
zirconia-alumina matrix isbelieved to result in a
finished catalyst that exhibits superior performance
when utilized for the conversion of hydrocarbons. This
preferred method involves cogelation of zirconia and
alumina in an intimate admixture with the
gallium-substituted pentasil zeolite. The first step
in the preparation method involves the formation of an
alumina hydrosol. Any technique known to the art may
be utilized to prepare the alumina hydrosol, however,
a preferred method involves reacting aluminum metal
with hydrochloric acid. The gallium-substituted
pentasil zeolite is then added to the alumina hydrosol
to form a homogeneous mixture. To the alumina sol and
zeolite mixture is added a zirconia sol, for example,
zirconium oxychloride, and to the resultant mixture is
added a suitable gelling agent, such as,
hexamethylenetetramine. It is believed that the order
of combining the alumina sol, zirconia sol, zeolite,
and gelling agent is unimportant. Therefore, any
combination sequence of the ingredients should produce
the catalyst of the instant invention. Once gelled,
the composite may be formed into any desired shape
such as spheres, pills, cakes, extrudates, powders,
granules, tablets, etc. and utilized in any desired
size. In a preferred embodiment, the resultant mixture
is first shaped in the form of a sphere and then
gelled. [0023] A spherical catalyst suitably is
manufactured by the well-known oil drop method.
Preparation of the preferred spheres generally
involves continuously dropping a mixture of molecular
sieve, zirconia-alumina sol, and gelling agent into an
oil bath maintained at elevated temperatures.
Alternatively, gelation of an alumina sol or silica
hydrosol may be effected using the oil-drop method.
One method of gelling this mixture involves combining
a gelling agent with the mixture and then dispersing
the resultant combined mixture into an oil bath or
tower which has been heated to elevated temperatures
such that gelation occurs with the formation of
spheroidal particles. The gelling agents that may be
used in this process are hexamethylene tetraamine,
urea or mixtures thereof. The gelling agents release
ammonia at the elevated temperatures which sets or
converts the hydrosol spheres into hydrogel spheres.
The spheres are then continuously withdrawn from the
oil bath and typically subjected to specific aging
treatments in oil and an ammoniacal solution to
further improve their physical characteristics. [0024]
Another suitable shape for the catalyst composite is
an extrudate. The well-known extrusion method
initially involves mixing of the molecular sieve with
optionally the binder and a suitable peptizing agent
to form a homogeneous dough or thick paste having the
correctmoisture content to allow for the formation of
extrudates with acceptable integrity to withstand
direct calcination. Extrudability is determined from
an analysis of the moisture content of the dough, with
a moisture content in the range of from 30 to 50 wt-%
being preferred. The dough is then extruded through a
die pierced with multiple holes and the
spaghetti-shaped extrudate is cut to form particles in
accordance with techniques well known in the art. A
multitude of different extrudate shapes is possible,
including, but not limited to, cylinders, cloverleaf,
dumbbell and symmetrical and asymmetrical polylobates.
It is also within the scope of this invention that the
extrudates may be further shaped to any desired form,
such as spheres, by marumerization or any other means
known in the art. [0025] Preferably, the resulting
composite then is washed and dried at a relatively low
temperature of 50 to 200C and subjected to a
calcination procedure at a temperature of 450 to 700C
for a period of 1 to 20 hours. [0026] The catalyst
optionally is subjected to steaming to tailor its acid
activity. The steaming may be effected at any stage of
the zeolite treatment. Steaming conditions comprise a
water concentration of 5 to 100 vol-%, pressure of
from 100 IcPa to 2 MPa, and temperature of between 600
and 1200C; the steaming temperature preferably between
650 and 1000C, more preferably at least 750C and
optionally may be 775C or higher. In 



some cases, temperatures of 800 to 850C or more may be
employed. The steaming should be carried out for a
period of at least one hour, and periods of 6 to 48
hours are preferred. Alternatively or in addition to
the steaming, the composite may be washed with one or
more of a solution of ammonium nitrate, a mineral
acid, and/or water. The washing may be effected at any
stage of the preparation, and two or more stages of
washing may be employed. [0027] It is a feature of the
invention that the catalyst is free of an added metal
component, and particularly free of a costly
platinum-group metal. [0028] The catalysts of the
present invention may contain a halogen component,
comprising either fluorine, chlorine, bromine or
iodine or mixtures thereof, with chlorine being
preferred. Preferably, however, the catalyst contains
no added halogen other than that associated with other
catalyst components. [0029] The catalyst composite is
dried at a temperature of from 100 to 320C for a
period of from 2 to 24 or more hours and, usually,
calcined at a temperature of from 400 to 65O0C in an
air atmosphere for a period of from 0.1 to 10 hours
until the metalliccompounds present are converted
substantially to the oxide form. If desired, the
optional halogen component may be adjusted by
including a halogen or halogen-containing compound in
the air atmosphere. [0030] The following examples are
presented only to illustrate certain specific
embodiments of the invention, and should not be
construed to limit the scope of the invention as set
forth in the claims. There are many possible other
variations within the spirit of the invention, as
those of ordinary skill in the art will recognize.
EXAMPLE I [0031] A catalyst of the invention was
prepared in accordance with the teachings of US
4,957,891. A quantity of gallium-substituted pentasil
zeolite having an X-ray diffraction pattern equivalent
to that of MFI/ZSM-5 was prepared by adding a silica
source, Ludox HS-40, to an aqueous solution containing
an organic template, tetrapropylammonium bromide. The
weight ratio of silica to template was 4.9: 1. A
solution of sodium gallate was added to the silica and
template mixture in an amount to give 2 wt-% gallium
based on the finished zeolite. The resultant mixture
was autoclaved at 125C for approximately 72 hours. The
zeolite obtained was washed, filtered and dried to
yield a gallium-substituted pentasil zeolite (Ga-MFI)
containing approximately 3 wt-% gallium. [0032] A
portion of the zeolite described above was mixed with
alumina hydrosol, prepared by digesting metallic
aluminum in hydrochloric acid, to yield a zeolite
content in the finished catalyst equal to 50 wt-%. To
this mixture was added enough zirconium oxychloride
sol, containing approximately 20 wt-% Zrq 2, such that
the finished zeolite zirconia-alumina composite
contained approximately 5 wt-% Zrq 2 Finally, a
solution of hexamethylenetetramine was added as a
gelling agent. The final mixture was dispersed as
droplets into an oil bath at a temperature of 95C. The
droplets remained in the oil bath until they formed
hydrogel spheres. The spheres were removed from the
oil bath and washed with an aqueous solution
containing 0.5 wt-% ammonia. The spheres were then air
dried at 110C for 12 hours and then calcined in air at
a temperature of 650C. After calcination, the
composite was washed with 0.5% NH3/H2O solution at 95C
and then oven-dried at 1100C. No platinum or sulfur
was added to the catalyst which was designated
Catalyst A.EXAMPLE II [0033] Catalyst B was prepared
in the same manner as Catalyst A, except that the
content of gallium in the GaMFI zeolite was 2.5 wt-%
EXAMPLE III [0034] Catalyst C was prepared in the same
manner as Catalyst A, except that the content of
gallium in the GaMFI zeolite was 1.5 wt-%. EXAMPLE IV
[0035] Catalyst D was prepared in the same manner as
Catalyst A, except that the content of gallium in the
GaMFI zeolite was 0.7 wt-% EXAMPLEV 



[0036] Catalyst A was evaluated for xylene
isomerization and ethyl-benzene retention using a
pilot plant flow reactor processing a non-equilibrium
C aromatic feed having the following approximate
composition in wt-%: Toluene 1.2 C Non-aromatics 6.3
Ethylbenzene 13.9 Para-xylene 0.8 Meta-xylene 55.6
Ortho-xylene 22.2 EXAMPLE VI [0037] Pilot-plant test
conditions and results are as follows. The above feed
contacted the Catalyst at a pressure of 3.5 MPa in the
liquid phase. A range of process conditions (WHSV =
weight hourly space velocity) and the resulting
performance measures are shown below for Catalyst
A:Temperature 0C 280 280 300 300 WHSV, hr" 1 2.3 4.5
8.7 13.0 p-xylene/xylenes, wt-% 23.8 22.7 23.6 22.9 Cg
ring loss, wt-% 1.1 0.4 0.9 0.6 EB conversion, % 4.2
2.0 4.5 2.3 [0038] Note that the "Cg ring loss" is in
mol-% defined as "(1 - (Cg naphthenes and aromatics in
product ) / (Cg naphthenes and aromatics in feed))*
100", which represents material that has to be
circulated to another unit in an aromatics complex.
Such circulation is expensive and a low amount of Cg
ring loss is preferred. Ethylbenzene conversion, 2 to
4.5%, as well as ring loss was low in all
cases.CLAIMS: 1. A process for the isomerization of a
non-equilibrium alkylaromatic feed mixture comprising
a substantial content of one or more ethylaromatic
hydrocarbons by contacting the feed mixture in liquid
phase with an isomerization catalyst, comprising a
gallium-substituted pentasil zeolite and having the
substantial absence of a platinum-group metal, at
isomerization conditions in the substantial absence of
hydrogen to obtain an isomerized product comprising a
higher concentration of at least one alkylaromatic
isomer with a conversion of the ethylaromatic
hydrocarbons of less than 7%. 2. The process of claim
1 wherein the pentasil zeolite of the isomerization
catalyst is MFI. 3. The process of Claim 1 wherein the
isomerization catalyst further comprises a
zirconia-alumina matrix. 4. The process of claim 1
wherein the alkylaromatic feed mixture is a C8-
alkylaromatic feed mixture, the ethylaromatic
hydrocarbon is ethylbenzene, and the alkylaromatic
isomer is a xylene isomer. 5. The process of any of
claims 1-4 wherein the isomerization conditions
comprise a temperature of from 100 to 500C, a pressure
of from 500 kPa to 5 MPa and a liquid hourly space
velocity of from 0.5 to 50 hr . 6. The process of
claim 4 wherein the ethylbenzene content of the feed
mixture is from 5 to 35 wt-%. 7. The process of claim
4 wherein the ethylbenzene content of the feed mixture
is 10 wt-% or more. 8. The process of claim 4 wherein
the conversion of ethylbenzene is less than 5%. 9. The
process of claim 4 wherein the Cg-aromatic ring loss
relative to the feed mixture is less than 3 wt-%. 10.
The process of claim 4 wherein the Cg-aromatic ring
loss relative to the feed mixture is less than 2 wt-%.


