
IMIDAZO (1,2-A)PYRIDINE COMPOUNDS AS VEGF-R2
INHIBITORS BACKGROUND OF THE INVENTION Unwanted
angiogenesis is a hallmark of several diseases, such
as retinopathies, psoriasis, rheumatoid arthritis,
age-related macular degeneration (AMD), and cancer
(solid tumors). (Folkman, Nature Med., 1, 27-31
(1995)). Because tumors require a blood supply to
survive, angiogenesis is a critical component
contributing to the cancer disease process (E.
Ruoslahti, Nature Rev. Cancer, 2, 83-90 (2002). The
development of new agents for the inhibition of
angiogenesis therefore represents a promising approach
for cancer therapy (R. Kerbel and J . Folkman, Nature
Rev. Cancer, 2, 727-739 (2002). Another possible
benefit to inhibiting tumor angiogenesis is that this
approach may lack the toxic side effects or drug
resistance-inducing properties of conventional
chemotherapy (Judah Folkman, Endogenous Inhibitors of
Angiogenesis The Harvey Lectures, Series 92, pages
65-82, Wiley-Liss Inc., (1998)). One of the protein
kinases which has been shown to be involved in the
angiogenic process is a member of the growth factor
receptor tyrosine kinase family called VEGFR2
(vascular endothelial growth factor receptor 2, also
known as KDR (kinase insert domain receptor)).
VEGF-R2, which is expressed primarily on endothelial
cells, binds the potent angiogenic growth factor VEGF
and mediates the subsequent signal transduction
through activation of its intracellular kinase
activity. Thus, it is expected that direct inhibition
of the kinase activity of VEGF-R2 will result in the
reduction of angiogenesis even in the presence of
exogenous VEGF (see Strawn et al., Cancer Research,
56, 3540-3545 (1996)), as has been shown with mutants
of VEGF-R2 which fail to mediate signal transduction.
(Millauer et al., Cancer Research, 56, 1615-1620
(1996)). The importance of VEGF-R2 as a target for
cancer drug therapy was further indicated in recent
studies (S. Rafii et al., Nature Rev. Cancer, 2,
826-835 (2002) and Y. Shalced et al., Cancer Cell, 7,
101-111 (2004)) which demonstrated that VEGF-R2 is
expressed on bone marrow-derived circulating
endothelial precursor cells that can also contribute
to the angiogenesis and growth of tumors. Furthermore,
VEGF-R2 appears to have no function in the adult
beyond that of mediating the angiogenic activity of
VEGF. It has been proposed to treat angiogenesis by
the use of compounds inhibiting thekinase activity of
VEGF-R2. For example, WIPO International Publication
No. WO 97/34876 discloses certain cinnoline
derivatives that are inhibitors of VEGF-R2, which are
taught to be useful for the treatment of disease
states associated with abnormal angiogenesis and/or
increased vascular permeability including diabetes
(hyperglycemia), psoriasis, rheumatoid arthritis,
Kaposi's sarcoma, haemangioma, acute and chronic
nephropathies, atheroma, arterial restinosis,
autoimmune diseases, acute inflammation, ocular
diseases with retinal vessel proliferation, and
cancer. Further, WO 03/092595 provides certain
imidazo[l,2-a]pyridinyl compounds that inhibit,
regulate, and/or modulate tyrosine kinase signal
transduction. There is still a need, however, for
effective inhibitors of protein kinases. The present
invention provides novel imidazo[l,2-a]pyridinyl
compounds that inhibit VEGF-R2 and are therefore
useful in the treatment of VEGF-R2 mediated or
dependent diseases such as the treatment of various
forms of cancer. BRIEF SUMMARY OF THE INVENTION The
present invention provides compounds of Formula I : A
compound of Formula (I): (I) wherein: R1: is (a)
2-pyridonyl optionally substituted with-(CH
2)1-4NR2R3; or (b) phenyl, thienyl, thiazolyl,
imidazolyl, pyrazolyl, triazolyl, oxazolyl, pyridinyl,
N-oxo-pyridinyl, or pyrimidinyl, all of which are
optionally substituted with -(CH2)O-4NR2R3, C1-C6
alkyl optionally substituted with amino, pyrrolidinyl,
or morpholinyl, or 1-2 substituents independently
selected from the group consisting of C1- C4 alkoxy,
halo, (C1-C6 alkyl)sulfonyl, nitro,
-sulfonyl(CH2)0-4NR2R3, and -carbonyl(CH2)o-4NR2R3;R2
is hydrogen or C -C alkyl optionally substituted with
hydroxy; R3 is hydrogen or C1-C6 alkyl optionally
substituted with hydroxy, trifluoromethyl, or
pyrrolidinyl; or R2, R3,and the nitrogen to which they
are attached form piperidinyl, piperazinyl optionally
substituted with Cj-C6 alkyl, or morpholinyl; R4 is
thiazolyl, pyridinyl, or phenyl optionally substituted
with 1-3 substituents selected from the group
consisting of halo, amino, methyl, trifluoromethyl,
and nitro; R5 is C(O)NHR6, OC(O)NHR6, NHC(O)CH2R6,
NHC(O)NHR6 or C(S)NHR6; n is 0-4 for OC(O)NHR6,
NHC(O)CH2R6, NHC(O)NHR6 and n is 1-4 for C(O)NHR6 and
C(S)NHR6; and R6 is (a) unsubstituted
tetrahydrobenzothiazolyl; or (b) phenyl , pyridinyl,
pyrimidinyl, pyrazolyl, thiazolyl, isothiazolyl,
thiadiazolyl, isoxazolyl, all of which are optionally
substituted with 1-3 substituents independently
selected from the group consisting of C1-C6 alkyl
optionally substituted 



with hydroxy, dimethylamino, pyrrolidinyl,
piperidinyl, or morpholinyl, C2-C6 alkenyl optionally
substituted with dimethylaminocarbonyl, C1-C6 alkoxy,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
dimethylaminoethoxy, phenoxy, tolyl, halo,
methylsulfonyl, dimethylamino, diethylamino, cyano,
C3-C6 cycloalkyl optionally substituted with hydroxy,
methoxy, methoxyethoxy, or methyl,
3,4-dimethylisoxazol-5- yl-aminosulfonyl,
tetrahydropyranyl, tetrahydropyranylaminocarbonyl,
C2-C6 alkylcarbonyl, morpholinylcarbonyl, and
piperazinylcarbonyl; or pharmaceutically acceptable
salts thereof. The present invention further provides
a method of inhibiting VEGF-R2 in a mammal comprising
administering to a mammal in need of such treatment a
VEGF-R2 inhibiting amount of a compound of Formula I
or a pharmaceutically acceptable salt thereof. The
present invention further provides a method of
blocking angiogenesis comprising administering to a
mammal in need of such treatment a VEGF-R2 inhibiting
amount of a compound of Formula I or a
pharmaceutically acceptable salt thereof. The present
invention further provides a method of treating
susceptible neoplasms in a mammal comprising
administering to a mammal in need of such treatment a
VEGFR2 inhibiting amount of a compound of Formula I or
a pharmaceutically acceptable salt thereof. The
present invention also provides a method of treating a
number of disease states including hyperglycemia,
psoriasis rheumatoid arthritis, Kaposi's sarcoma,
haemangioma, acute and chronic nephropathies,
atheroma, arterial restinosis, autoimmune diseases,
acute inflammation, and ocular diseases with retinal
vessel proliferation in a mammal comprising
administering to a mammal in need of such treatment a
VEGF-R2 inhibiting amount of a compound of Formula I
or a pharmaceutically acceptable salt thereof. The
present invention also provides a pharmaceutical
formulation comprising a compound of Formula I or a
pharmaceutically acceptable salt thereof and one or
more pharmaceutically acceptable excipients. This
invention also provides the use of a compound of
Formula I or a pharmaceutically acceptable salt
thereof for the manufacture of a medicament for the
inhibition of VEGF-R2. The present invention also
provides the use of a compound of Formula I or a
pharmaceutically acceptable salt thereof for the
manufacture of a medicament to block angiogenesis. The
present invention also provides the use of a compound
of Formula I or a pharmaceutically acceptable salt
thereof for the manufacture of a medicament for the
treatment of susceptible neoplasms. The present
invention also provides the use of a compound of
Formula I or a pharmaceutically acceptable salt
thereof for the manufacture of a medicament for the
treatment of a number of disease states selected from
the group consisting of hyperglycemia, psoriasis,
rheumatoid arthritis, Kaposi's sarcoma, haemangioma,
acute and chronic nephropathies, atheroma, arterial
restinosis, autoimmune diseases, acute inflammation,
and ocular diseases with retinal vessel proliferation.
DETAILEDDESCRIPTION OF THE INVENTION The general
chemical terms used in the formulae above have their
usual meanings. For example, the term "C1-C alkyl"
includes straight chain and branchedalkyls and include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, isopentyl, and hexyl
moieties. The term "C2-C6 alkenyl" includes straight
chain and branched alkylene groups and include
ethylenyl, propylenyl, isopropylenyl, butylenyl,
isobutylenyl, sec-butylenyl, tert-butylenyl,
pentylenyl, isopentylenyl, and hexylenyl moieties. The
term "C3-C cycloalkyl" includes cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl moieties. The
term "C1-C6 alkoxy" includes methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, sec-butoxy,
tert-butoxy, pentoxy, isopentoxy, and hexoxy. The term
"halo" is taken to mean chloro, bromo, fluoro, or
iodo. The term "(C1-C6 alkyl)sulfonyl" is taken to
mean a sulfonyl group substituted with a C1-C6 alkyl
group. The term "mammal" is taken to mean any of
various warm-blooded vertebrate animals of the class
Mammalia, most preferably humans, characterized by a
covering of hair on the skin and, in the female,
milk-producing mammary glands for nourishing the
young. The term "susceptible neoplasm" is defined to
be a neoplasm that depends upon VEGF-R2 for its
survival, growth, or metastasis. While all of the
compounds of Formula I are useful inhibitors of
VEGF-R2, certain classes of compounds are preferred.
The following paragraphs describe such preferred
classes. a) R1 is pyridinyl; b) R1 is pyridin-2-yl; 



c) R1is pyridin-4-yl; d) R1 is substituted pyridinyl;
e) R1 is substituted pyridin-2-yl; f) R1 is
substituted pyridin-4-yl; g) R1 is pyridinyl
substituted with 2-morpholinylpropyl; h) R1 is
thienyl; i) R1 is thien-2-yl; j ) R1 is thien-3-yl; k)
R1 is phenyl; 1) R1 is methylsulfonylphenyl;m) R4 is
phenyl; n) R4 is substituted phenyl; o) R4 is
halophenyl; p) R4 is chlorophenyl; q) R4 is
2-chlorophenyl; r) R4 is fluorophenyl; s) R4 is
2-fluorophenyl; t) n is 0; u) n is 1; v) R5 is
NHC(O)NHR.6; w) R5 is C(O)NHR6; x) R6 is substituted
pyrazolyl; y) R6 is pyrazolyl substituted with C1-C
alkyl; z) R6 is 5-tert-butyl-pyrazol-3-yl; aa) R6 is
substituted phenyl; bb)R 6 is trifluoromethylphenyl;
cc) R is m-trifluoromethylphenyl; dd) R6 is
substituted thiadiazolyl; ee) R6 is thiadiazolyl
substituted with C1-C6 alkyl; ff) R6 is
5-tert-butyl-thiadiazol-2-yl; gg) R6 is substituted
isoxazolyl; hh) R6 is isoxazolyl substitued with C1-C6
alkyl; ii) R6 is 5-tert-butyl-isoxazol-3-yl; jj) R is
3-tert-butyl-isoxazol-5-yl; kk) R6 is substituted
thiazolyl; 11) R6 is thiazolyl substituted 1-2 times
with C1-C6 alkyl; mm) R6 is 5-tert-butyl-thiazol-2-yl;
nn) R6 is
5-tert-butyl-4-morpholin-4-ylmethyl-thiazol-2-yl; oo)
R6 is 4-methyl-5 i-propylthiazol-2-yl; pp) R6 is
4-dimethyIaminomethyl-5-(l-methylcyclopropyl)thiazol-2
-yl; qq)R 6 is substituted pyridinyl;rr) R6 is
4-tert-butyl-6-moipholinymethylpyridin-2-yl; ss) R6 is
4-trifluoromethylpyridin-2-yl; tt) R1 is pyridinyl, R4
is phenyl, n is 1, R5 is CONHR6, and R6 is 3-
trifluoromethylphenyl ; uu) R1 is pyridinyl, R4 is
fluorophenyl, n is 1, R5 is CONHR6, and R6 is
5-tertbutyl- thi adiazol-2-yl; W)R 1 is pyridinyl, R4
is fluorophenyl, n is 1, R5 is CONHR6, and R6 is
4-methyl- 5-isopropyl-thiazol-2-yl; ww) R1 is
pyridinyl, R4 is fluorophenyl, n is 1, R5 is CONHR6,
and R6 is 4-tertbutyl-
6-morpholinylmethylpyridin-2-yl; Xx)R1 is
2-(2-morpholinylpropyl)pyridin-4-yl, R4 is
fluorophenyl, n is 1, R5 is CONHR6, and R6 is
4-trifluoromethylpyridinyl; both enantiomers and
racemate; yy) R1 is pyridinyl, R4 is fluorophenyl, n
is 1, R5 is CONHR6, and R6 is 4-
dimethylamino-5-methylcyclopropylthiazol-2-yl; zz) R1
is pyridinyl, R4 is fluorophenyl, n is 1, R5 is
CONHR6, and R6 is 4-
morpholinylmethyl-5-t-butyl-thiazol-2-yl; aaa) A
compound of Formula I which is
2-[4-(7-pyridin-4-yl-imidazo[l,2-
"]pyridin-3-yl)-phenyl]-7V-(3-trifluoromethyl-phenyl)-
acetamide; bbb) A compound of Formula I which is
N-(5-tert-butyl-[l ,3,4]thiadiazol-2-yl)-
2-[2-fluoro-4-(7-pyridin-4-yl-imidazo[l,2-a]pyridin-3-
yl)-phenyl]-acetamide; ccc) A compound of Formula I
which is 2-[2-fluoro-4-(7-pyridin-4-ylimidazo[
l,2-a]pyridin-3-yl)-phenyl]-N-(5-isopropyl-4-methyl-th
iazol-2-yl)- acetamide; ddd) A compound of Formula I
which is N-(4-tert-butyl-6-morpholin-4-
ylmethyl-pyridin-2-yl)-2-[2-fluoro-4-(7-pyridin-4-yl-i
midazo[l,2-a]pyridin-3- yl)-phenyl]-acetamide; 



eee) A compound of Formula I which is
2-(2-fluoro-4-{7-[2-(2-morpholin-4-
yl-propyl)-pyridin-4-yl]-imidazo[l,2-a]pyridin-3-yl}-p
henyl)-N-(4- trifluoromethyl-pyridin-2-yl)-acetamide;
fff) A compound of Formula I which is
N-[4-dimethylaminomethyl-5-(l-methylcyclopropyl)-
thiazol-2-yl]-2-[2-fluoro-4-(7-pyridin-4-yl-imidazo[l,
2- a]pyridin-3-yl)-phenyl]-acetamide; ggg) A compound
of Formula I which is
2-[2-fluoro-4-(7-pyridin-4-ylimidazo[
l,2-a]pyridin-3-yl)-phenyl]-N-[5-tert-butyl-4-morpholi
n-4-ylmethylthiazol- 2-yl]-acetamide; hhh) A compound
of Claim 1 wherein R*is phenyl, thienyl, thiazolyl, or
pyridinyl all of which are optionally substituted with
-(CH 2V 4NR2R3, C1-C6 alkyl optionally substituted
with amino, pyrrolidinyl, or morpholinyl, or 1-2
substituents independently selected from the group
consisting of C1-C4 alkoxy, halo, (C1-C6
alkyl)sulfonyl, nitro, -sulfonyl (CH2V NR2R3, and -
carbonyl(CH 2)o-4NR2R3; iii) A compound of Claim 1
wherein R'is 4-pyridinyl which is optionally
substituted with -(CH 2V 4NR2R3, C1-C6 alkyl
optionally substituted with amino, pyrrolidinyl, or
morpholinyl, or 1-2 substituents independently
selected from the group consisting of C1-C4 alkoxy,
halo, (C1-C6 alkyl)sulfonyl, nitro, -sulfonyl(CH 2V
4NR2R3, and -carbonyl(CH 2V4NR2R3; and R6 is phenyl,
pyridinyl, pyrimidinyl, pyrazolyl, thiazolyl,
isothiazolyl, thiadiazolyl, isoxazolyl, all of which
are optionally substituted with 1-3 substituents
independently selected from the group consisting of
C1-C6 alkyl optionally substituted with hydroxy,
dimethylamino, pyrrolidinyl, piperidinyl, or
morpholinyl, C2-C6 alkenyl optionally substituted with
dimethylaminocarbonyl, C1-C6 alkoxy, trifluoromethyl,
difluoromethoxy, trifluoromethoxy,
dimethylaminoethoxy, phenoxy, tolyl, halo,
methylsulfonyl, dimethylamino, diethylamino, cyano,
C3-C6 cycloalkyl optionally substituted with hydroxy,
methoxy, methoxyethoxy, or methyl,
3,4-dimethylisoxazol-5-yl-aminosulfonyl,
tetrahydropyranyl, tetrahydropyranylaminocarbonyl,
C2-C alkylcarbonyl, morpholinylcarbonyl, and
piperazinylcarbonyl; jjj) A compound of Claim 1
wherein R1Is 2-pyridinyl which is optionally
substituted with -(CH 2V4NR2R3, C1-C6 alkyl optionally
substituted withamino, pyrrolidinyl, or morpholinyl,
or 1-2 substituents independently selected from the
group consisting of Ci-C alkoxy, halo, (C1-C
alkyl)sulfonyl, nitro, -sulfonyl(CH2)o-4NR2R3, and
-carbonyl(CH2)o-4NR2R3; and R6 is phenyl, pyridinyl,
thiazolyl, isothiazolyl, thiadiazolyl, or isoxazolyl,
all of which are optionally substituted with 1-3
substituents independently selected from the group
consisting of Ci-C 6 alkyl optionally substituted with
hydroxy, dimethylamino, pyrrolidinyl, piperidinyl, or
morpholinyl, C2-Cg alkenyl optionally substituted with
dimethylaminocarbonyl, Ci-C6 alkoxy, trifluoromethyl,
difluoromethoxy, trifluoromethoxy,
dimethylaminoethoxy, phenoxy, tolyl, halo,
methylsulfonyl, dimethylamino, diethylamino, cyano,
C3-Q cycloalkyl optionally substituted with hydroxy,
methoxy, methoxyethoxy, or methyl, 3,4-
dimethylisoxazol-5-yl-aminosulfonyl,
tetrahydropyranyl, tetrahydropyranylaminocarbonyl,
C2-C alkylcarbonyl, morpholinylcarbonyl, and
piperazinylcarbonyl. kkk) A compound of Claim 1
wherein R1 s phenyl which is optionally substituted
with -(CH 2)O-4NR2R3, C1-C6 alkyl optionally
substituted with amino, pyrrolidinyl, or morpholinyl,
or 1-2 substituents independently selected from the
group consisting of Ci-C4 alkoxy, halo, (Ci-C6
alkyl)sulfonyl, nitro, -sulfonyl(CH2)0-4NR2R3, and
-carbonyl(CH2)o- 4NR2R3; and R6 is phenyl, pyridinyl,
pyrazolyl, thiazolyl, isothiazolyl, thiadiazolyl, or
isoxazolyl, all of which are optionally substituted
with 1-3 substituents independently selected from the
group consisting of C -C6 alkyl optionally substituted
with hydroxy, dimethylamino, pyrrolidinyl,
piperidinyl, or morpholinyl, C2-C6 alkenyl optionally
substituted with dimethylaminocarbonyl, Ci-C6 alkoxy,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
dimethylaminoethoxy, phenoxy, tolyl, halo,
methylsulfonyl, dimethylamino, diethylamino, cyano, C
-C6 cycloalkyl optionally substituted with hydroxy,
methoxy, methoxyethoxy, or methyl,
3,4-dimethylisoxazol-5-yl-aminosulfonyl,
tetrahydropyranyl,tetrahydropyranylaminocarbonyl,
C2-C6 alkylcarbonyl, morpholinylcarbonyl, and
piperazinylcarbonyl; 111) A compound of Claim 1
wherein R 1 S thienyl or thiazolyl which i s
optionally substituted with -(CH 2)0.4NR2R3 , C 1-C6
alkyl optionally 



substituted with amino, pyrrolidinyl, or morpholinyl,
or 1-2 substituents independently selected from the
group consisting of C C4 alkoxy, halo, (C 1-C6
alkyl)sulfonyl, nitro, -sulfonyl(CH 2)0-4NR 2R3 , and
- carbonyl(CH 2)o-4NR2R3; and R6 is phenyl, pyrazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, or isoxazolyl,
all of which are optionally substituted with 1-3
substituents independently selected from the group
consisting of C 1-C6 alkyl optionally substituted with
hydroxy, dimethylamino, pyrrolidinyl, piperidinyl, or
morpholinyl, C2-C6 alkenyl optionally substituted with
dimethylaminocarbonyl, C 1-C alkoxy, trifluoromethyl,
difluoromethoxy, trifluoromethoxy,
dimethylaminoethoxy, phenoxy, tolyl, halo,
methylsulfonyl, dimethylamino, diethylamino, cyano,
C3-C6 cycloalkyl optionally substituted with hydroxy,
methoxy, methoxyethoxy, or methyl, 3,4-
dimethylisoxazol-5-yl-aminosulfonyl,
tetrahydropyranyl, tetrahydropyranylaminocarbonyl,
C2-C6 alkylcarbonyl, morpholinylcarbonyl, and
piperazinylcarbonyl; mmm) A compound of Claim 1
wherein R 1 s 3-pyridinyl which is optionally
substituted with -(CH 2)0.4NR2R3 , C 1-C6 alkyl
optionally substituted with amino, pyrrolidinyl, or
morpholinyl, or 1-2 substituents independently
selected from the group consisting of C 1-C4 alkoxy,
halo, (Ci-C alkyl)sulfonyl, nitro, -sulfonyl(CH
2)0-4NR 2R 3, and -carbonyl(CH 2)0- 4NR2R3 ; and R6 i
s phenyl, thiazolyl, isothiazolyl, thiadiazolyl, or
isoxazolyl, all of which are optionally substituted
with 1-3 substituents independently selected from the
group consisting of Ci-C 6 alkyl optionally
substituted with hydroxy, dimethylamino, pyrrolidinyl,
piperidinyl, or morpholinyl, C2-C alkenyl optionally
substituted with dimethylaminocarbonyl, Ci-C 6 alkoxy,
trifluoromethyl, difluoromethoxy,trifluoromethoxy,
dimethylaminoethoxy, phenoxy, tolyl, halo,
methylsulfonyl, dimethylamino, diethylamino, cyano,
C3-C6 cycloalkyl optionally substituted with hydroxy,
methoxy, methoxyethoxy, or methyl,
3,4-dimethylisoxazol-5-yl-aminosulfonyl,
tetrahydropyranyl, tetrahydropyranylaminocarbonyl,
C2-C alkylcarbonyl, morpholinylcarbonyl, and
piperazinylcarbonyl; nnn) A compound of Formula I
which is selected from the group consisting of HCl,
diHCL, succinate, L-tartrate, and HBr salts; ooo) A
compound of Formula I which is selected from the group
consisting of HCl and HBr salts; and ppp) A compound
of Formula I which is a succinate salt. It will be
understood that the above classes may be combined to
form additional preferred classes. Another preferred
class of the present invention is compounds of Formula
II: (H) wherein: R1: is (a) 2-pyridonyl optionally
substituted with-(CH 2)1 4NR2R3; or (b) phenyl,
thienyl, thiazolyl, imidazolyl, pyrazolyl, triazolyl,
oxazolyl, pyridinyl, N-oxo-pyridinyl, or pyrimidinyl,
all of which are optionally substituted with -
(CH2)o-4NR2R3, C1-Ce alkyl optionally substituted with
amino, pyrrolidinyl, or morpholinyl, or 1-2
substituents independently selected from the group
consisting of C1- C4 alkoxy, halo, (C1-C6
alkyl)sulfonyl, nitro, -sulfonyl(CH2)0-4NR2R3, and
-carbonyl(CH2)o.4NR2R3; R2 is hydrogen or C1-C6 alkyl
optionally substituted with hydroxy;R3 is hydrogen or
Ci-C6 alkyl optionally substituted with hydroxy,
trifluoromethyl, or pyrrolidinyl; or R2, R3 and the
nitrogen to which they are attached form piperidinyl,
piperazinyl optionally substituted with C1-C6 alkyl,
or morpholinyl; R4 is thiazolyl, pyridinyl, or phenyl
optionally substituted with 1-3 substituents selected
from the group consisting of halo, amino, methyl,
trifluoromethyl, and nitro; and R is (a) unsubstituted
tetrahydrobenzothiazolyl; or (b) phenyl , pyridinyl,
pyrimidinyl, pyrazolyl, thiazolyl, isothiazolyl,
thiadiazolyl, isoxazolyl, all of which are optionally
substituted with 1-3 substituents independently
selected from the group consisting of C -C alkyl
optionally substituted with hydroxy, dimethylamino,
pyrrolidinyl, piperidinyl, or morpholinyl, C2-C6
alkenyl optionally substituted with
dimethylaminocarbonyl, Ci-C6 alkoxy, trifluoromethyl,
difluoromethoxy, trifluoromethoxy,
dimethylaminoethoxy, phenoxy, tolyl, halo,
methylsulfonyl, dimethylamino, diethylamino, cyano,
C3-C6 cycloalkyl optionally substituted with hydroxy,
methoxy, methoxyethoxy, or methyl,
3,4-dimethyIisoxazol-5- yl-aminosulfonyl,
tetrahydropyranyl, tetrahydropyranylaminocarbonyl,
C2-C6 alkylcarbonyl, morpholinylcarbonyl, and
piperazinylcarbonyl; or pharmaceutically acceptable
salts thereof. 



Another preferred class of the present invention is
compounds of Formula III: wherein: R1: is (a)
2-pyridonyl optionally substituted with-(CH 2) 4NR2R3;
or (b) phenyl, thienyl, thiazolyl, imidazolyl,
pyrazolyl, triazolyl, oxazolyl, pyridinyl,
N-oxo-pyridinyl, or pyrimidinyl, all of which are
optionally substituted with - (CH2) O-4NR2R3, Ci-C6
alkyl optionally substituted with amino, pyrrolidinyl,
or morpholinyl, or 1-2 substituents independently
selected from the group consisting of C1- C4 alkoxy,
halo, (C1-C6 alkyl)sulfonyl, nitro, -sulfonyl(CH
2)0-4NR2R3, and-carbonyl(CH2)0-4NR2z r R>3 ;. R2 is
hydrogen or C1-C6 alkyl optionally substituted with
hydroxy; R3 is hydrogen or C1-C6 alkyl optionally
substituted with hydroxy, trifluoromethyl, or
pyrrolidinyl; or R2, R3,and the nitrogen to which they
are attached form piperidinyl, piperazinyl optionally
substituted with C1-C6 alkyl, or morpholinyl; R is
thiazolyl, pyridinyl, or phenyl optionally substituted
with 1-3 substituents selected from the group
consisting of halo, amino, methyl, trifluoromethyl,
and nitro; and R6 is (a) unsubstituted
tetrahydrobenzothiazolyl; or (b) phenyl , pyridinyl,
pyrimidinyl, pyrazolyl, thiazolyl, isothiazolyl,
thiadiazolyl, isoxazolyl, all of which are optionally
substituted with 1-3 substituents independently
selected from the group consisting of C1-C6 alkyl
optionally substituted with hydroxy, dimethylamino,
pyrrolidinyl, piperidinyl, or morpholinyl, C2-C6
alkenyl optionally substituted with
dimethylaminocarbonyl, C1-C6 alkoxy, trifluoromethyl,
difluoromethoxy, trifluoromethoxy,
dimethylaminoethoxy, phenoxy, tolyl, halo,
methylsulfonyl, dimethylamino, diethylamino, cyano, C
-C6 cycloalkyl optionally substituted with hydroxy,
methoxy, methoxyethoxy, or methyl,
3,4-dimethylisoxazol-5- yl-aminosulfonyl,
tetrahydropyranyl, tetrahydropyranylaminocarbonyl,
C2-C6 alkylcarbonyl, morpholinylcarbonyl, and
piperazinylcarbonyl; or pharmaceutically acceptable
salts thereof. Another embodiment of the present
invention is a compound of Formula (IV): (IV) wherein:
R1: is (a) 2-pyridonyl optionally substituted with
C1-C6 alkyl or -(CH 2)1-4NR2R3; or(b) phenyl, thienyl,
thiazolyl, thiadiazolyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
pyridinyl, or pyrimidinyl, all of which may be
optionally substituted with -(CH 2)O-4NR2R3 or 1-2
substituents independently selected from the group
consisting of C1-C6 alkyl, C1-C4 alkoxy, halo, and
(C1-C6 alkyl)sulfonyl, -sulfonyl(CH2)0-4NR2R3, or
-carbonyl(CH 2)0-4NR2R3; R2 is hydrogen or C1-C6
alkyl; R3 is hydrogen, Ci-C6 alkyl optionally
substituted with pyrrolidinyl, piperidinyl,
piperazinyl optionally substituted with Ci-C4 alkyl,
or morpholinyl; or R2 and R3 taken together with the
nitrogen to which they are attached form a
pyrrolidinyl, piperidinyl, piperazinyl optionally
substituted with C1-C4 alkyl, or morpholinyl; R4 is
thiazolyl, thienyl, pyridinyl, or phenyl optionally
substituted 1-2 times with halo; n is 0-4; R5 is
C(O)NHR6, OC(O)NHR 6, NHC(O)CH2R6, or NHC(O)NHR 6; R6
is phenyl optionally substituted with 1-3 substituents
independently selected from the group consisting of
halo, C1-C6 alkyl, Ci-C4 alkoxy, cyano, dimethylamino,
difluoromethoxy, trifluoromethyl, trifluoromethoxy,
methylsulfonyl, dimethylisoxazolylsulfonamide, and
-O-phenyl, pyridinyl optionally substituted with
trifluoromethyl, pyrazolyl optionally substituted with
1-2 substituents independently selected from the group
consisting of tolyl and C1-C6 alkyl that is optionally
substituted with hydroxy, piperidinyl, pyrrolidinyl,
or morpholinyl, (C1-C alkyl)isoxazolyl, (Ci-C
alkyl)thiazolyl, (C1-C6 alkyl)isothiazolyl, (Ci-C6
alkyl)thiadiazolyl; R7 is H, or Ci-C6 alkyl; or
pharmaceutically acceptable salts thereof. The
compounds of the present invention are inhibitors of
VEGF-R2, a protein ldnase which has been shown to be
involved in the angiogenic process. VEGF-R2, which is
expressed primarily on endothelial cells, binds the
potent angiogenic growth factor VEGF and mediates the
subsequent signal transduction through activation of
its intracellular kinase activity. Thus, one skilled
in the art would recognize that direct inhibition of
the ldnase activity of VEGF-R2 will result in the
reduction of angiogenesis and thus affect treatment of
conditions wherein abnormal angiogenesis and/or
increasedvascular permeability is a hallmark, for
example, diabetes(hyperglycemia), psoriasis,
rheumatoid arthritis, Kaposi's sarcoma, haemangioma,
acute and chronic nephropathies, atheroma, arterial
restinosis, autoimmune diseases, acute inflammation,
ocular diseases with retinal vessel proliferation, and
cancer. The utility of angiogenesis inhibitors in the 



treatment of cancer is known in the literature, see J
. Rak et al. Cancer Research, 55:4575- 4580, 1995 for
example. The role of angiogenesis in cancer has been
shown in numerous types of cancer and tissues: Breast
carcinoma (G. Gasparinin and A.L. Harris, J. Clin.
Oncol, 1995, 13:765-782; M. Toi et al. Japan. J.
Cancer Res., 1994, 85:1045-1049); bladder carcinomas
(AJ. Dickinson et al., Br. J. Urol, 1994, 74:762-766)
colon carcinomas (L.M. Ellis et al., Surgery, 1996,
120(5): 871-878); and oral cavity tumors (J.K.
Williams et al., Am J. Surg., 1994, 168:373-380).
Preferred neoplasms believed to be susceptible to
treatment by compounds of the present invention
include the following cancers: brain, genitourinary
tract, lymphatic system, stomach, larynx, lung
(including small cell and non-small cell), pancreas,
breast, prostate, histiocytic, lymphoma,
hepatocelllular, gynecologic (e.g. ovarian), Kaposi's
sarcoma, CNS tumors (including astrocytomas,
medulloblastomas, and meningiomas), colorectal, head
and neck cancer, melanoma, chronic lymphocytic
leukemia, multiple myeloma, acute myeloid leukemia
(AML), chronic myelogenous leukemia (CML), malignant
mesothelioma, myelodysplastic syndrome" (e.g.,
polycythemia vera, thrombocytemia), gastric cancer,
and renal cell carcinoma. The skilled artisan will
appreciate that the introduction of certain
substituents will create asymmetry in the compounds of
Formula I . The present invention contemplates all
enantiomers and mixtures of enantiomers and
stereoisomers, that is, both the stereomerically pure
form (e.g., geometrically pure, enantiomerically pure,
or diastereomerically pure) and enantiomeric and
stereoisomeric mixtures. Enantiomeric and
stereoisomeric mixtures can be resolved into their
component enantiomers or stereoisomers by well known
methods, such as, chiral-phase high performance liquid
chromatography or crystallizing the compound as a
chiral salt complex. Enantiomers and stereoisomers can
also be obtained from stereomerically- or
enantiomerically-pure intermediates, reagents, and
catalysts by well known asymmetric synthetic
methods.Pharmaceutically acceptable salts are
contemplated to be within the scope of the present
invention. The compounds of the present invention are
bases and salts of such compounds may be formed with
inorganic or organic acids, for example, HCl, diHCl,
succinate, L-tartrate, and HBr with HCl, diHCl and
succinate being preferred. The compounds of this
invention may be prepared by employing reactions as
shown in the following schemes, in addition to other
standard manipulations that are known in the
literature or exemplified in the experimental
procedures. These schemes, therefore, are not limited
by the compounds listed or by any particular
substituents employed for illustrative purposes. The
following schemes are used to prepare compounds of
Formula I where R5 is NHC(O)CH2R6 or NHC(O)NHR 6.
Unless otherwise indicated, all other variables are as
previously defined. Scheme I (AG) The urea (AE)
compounds of Formula I may be generally prepared by
reaction of an amine (AA) with a carbamate (AB), a
carbamoyl chloride (AC), or an aryl isocyanate (AD),
all of which are commercially available or directly
prepared by methods known tothose skilled in the art.
The amide (AG) compounds of Formula I may be generally
prepared by reaction of an amine (AA) with an acyl
chloride (AF). The requisite amine (AA) intermediate
may be prepared from known 7-chloroimidazo[
l,2-a]pyridine (AH) as in Scheme II. X is Cl, Br, or
I, and Y is a boronic acid, boronic ester, or trialkyl
stannane. Unless otherwise indicated, all other
variables are as previously defined. Scheme II R -Y,
Pd(O), S-Phos or Alternatively, An aryl group is
introduced at the 7-position of the
imidazo[l,2-a]pyridine group by Pd catalyzed
cross-coupling or through the intermediacy of a
boronic ester to give the biaryl compound (AI). This
intermediate (AI) is halogenated selectively with NIS
or NBS at the 3-position followed by a second
cross-coupling reaction at that position. An amino or
aminoalkyl group or a latent amino or aminoalkyl group
is a substituent of the aryl boronate coupling
partner. Alternatively, the couplings may be carried
out first at the 3-position and then at the 7-position
through the intermediacy of (AK) and (AL) as depicted
in Scheme II. It should also be noted that the
cross-coupling reaction used toinstall the aryl group
at the 7-position of the imidazo[l,2-a]pyridine can
take place at the end of the sequence, after formation
of the urea (not pictured). The amides of Formula I
may be prepared as shown in Scheme III. Unless
otherwise indicated, all variables are as previously
defined. Scheme III Y-R4-(CB,) n-CO2H + (AJ) or (AK)
H2N-R 6 oxalyl chloride, 



Alternatively bis(pinacolato)diboron, CDI, R N X-RMCH
2VCO 2H + H2N-R 6 X-RMCH )n-CONHR6 * P KOAc, Pd(O),
P(c-hex) 3 (AO) Pd(O), K2CO3, Y-RMCH 2VCONHR 6 + (AJ)
or (AK) (AN) dioxane H2O (AQ) A Pd(O) catalyzed
cross-coupling of (AJ) or (AK) with a phenyl boronic
acid that is appended with an alkyl tethered
carboxylic acid (or protected acid) provides (AM). The
carboxylate group is coupled to an amine using
standard methods well-known to those skilled in the
art resulting in (AN). Alternatively, the amide (AP)
can be prepared from a halophenyl acid (AO) using
standard methods before the aryl group is coupled
tothe imidazo[l,2-a]pyridine ring. In this case a
halide substituent on the aryl group (AP) is converted
to a boronic ester (AQ) for coupling to (AJ) or (AK)
as shown in Scheme III. In the cases where a halogen
occupies the 7-position of the imidazo[l,2-a]pyridine
ring in (AN), a second Pd(O) catalyzed coupling is
carried out to obtain the claimed compound as
previously described in Scheme I . The carbamates of
Formula I may be prepared as shown in Scheme IV.
Unless otherwise indicated, all variables are as
previously defined. Scheme IV The carbamates (AR) are
formed by combining an alcohol (AM ') with an
isocyanate. Synthesis of this starting material (AM ')
is by Pd(O) catalyzed crosscoupling at the 3-position
of the imidazo[l,2-a]pyridine (AK or AJ) with an
alcohol such as hydroxylmethylphenylboronic acid. The
aryl group at the 7-position of the
imidazo[l,2-a]pyridine can be introduced by a second
Pd(O) coupling at any point as shown for the ureas.
Compounds of Formula I where R1 is pyridonyl, methoxy
substituted pyridinyl, or di(substituted)aminopyridmyl
may be prepared as shown is Scheme V. Unless
otherwised indicated, all other variables are as
previously defined.Scheme V R5 A dialkylamino group
can be introduced by nucleophilic aromatic
substitution of a 2-fluoropyridyl group (AS) to yield
(AT) at the end of the synthesis. A similar strategy
using acidic methanolysis gives (AU), and methyl ether
cleavage with HBr provides the pyridonyl group (AV).
The aryl bromides of Scheme II, R1X, may be prepared
as described in Scheme VI. R7 is as previously
described. Scheme VI An alkyl- or dialkylaminomethyl
pyridyl group can be introduced as a substituent on
the aryl group at the 7-position of the
imidazo[l,2-a]pyridine via alkylation of 5-
bromo-2-bromomethyl-pyridine (AW) with a secondary
amine, as shown in Scheme VI. The aryl bromide (s) can
then participate directly is the reactions previously
described.Scheme VII Br-R 4- ester hydrolysis (Alvfi
Compounds from the amide class may also be prepared as
shown in Scheme VII via the Pd(O) catalyzed arylation
reaction of 3-H imidazo[l,2, ]pyridine intermediates
(AH) or (AI) with a protected (PG) bromophenyl acetic
acid ester (AX) to form the coupled acid (AY). The
tert-butyl group is a suitable ester protecting group
indicated as PG which is subsequently cleaved under
acidic conditions. The amide (AN) may then be formed
using either oxalyl chloride/DMF to form an acyl
chloride in situ or using the coupling reagents
DMTMM/NMM or HATU/diisopropylethyl amine. H2N-R 6
Br-RMCH2VCO 2H + H2N-R 6 Br-RMCH2X1-CONHR* (AZ) )
Pd(O) Br-RMCH2X1-CONHR6 + (AH) or (AI) (AN) (BB)
Alternately, The amides (BA) are prepared from
bromoarylacids (AZ) using the amide formation
procedures above, and the BA are coupled via the Pd(O)
catalyzed arylation reaction with (AH) or (AI). In the
cases where the Pd(O) catalyzed arylation reaction is
carried out with (AH), subsequent elaboration is
carried out at the Cl substituted position as
previously described. The skilled artisan will
appreciate that not all of the substituents in the
compounds of Formula I will tolerate certain reaction
conditions employed to synthesize thecompounds. These
moieties may be introduced at a convenient point in
the synthesis, or 



may be protected and then deprotected as necessary or
desired. The skilled artisan will appreciate that the
protecting groups may be removed at any convenient
point in the synthesis of the compounds of the present
invention. Methods for introducing and removing
nitrogen and oxygen protecting groups are well known
in the art; see, for example, Greene and Wuts,
Protective Groups in Organic Synthesis, 3rd Ed., John
Wiley and Sons, New York, Chapter 7 (1999).
Furthermore, the skilled artisan will appreciate that
in many circumstances, the order in which moieties are
introduced is not critical. The particular order of
steps required to produce the compounds of Formula I
can be dependent upon the particular compound being
synthesized, the starting compound, and the relative
lability of the substituted moieties. Abbreviations
AIBN - 2,2'-Azobis(2-methyl propionitrile); BINAP -
rac-2,2'-Bis(diphenyl-phosphino)- l,l'-binaphthyl;
9-BBN - 9-Borabicyclo[3.3.1]nonane; BoC2O -
Di-tert-butyl dicarbonate; TBDMSCl or TBDMSiCl -
tert-butyl-dimethylsilyl chloride; TBAF- tert-
Butylamine hydrofluoride; MS (ES) - Electrospray Mass
spectrum; THF - tetrahydrofuran; DMEA -
Dimethylethylamine; DMSO - Dimethylsulfoxide; DMF -
Dimethylformamide; DME - Dimethyl ethylene glycol; DCM
- dichloromethane; Dioxane - 1,4-dioxane; DMAP -
4-Dimethylaminopyridine; h - hour(s); LDA - Lawesson
Reagent- 2,4-Bis-(4-methoxy
phenyl)-l,3-dithia-2,4-diphosphetone-2,4- disulfide;
Lithium di-isopropylamine; NIS - N-iodosuccinimide;
min - minute(s); NBS- N-romosuccinimide; MeOH -
methanol; EtOH - 95% ethanol; RBF, RB - round bottom
flask; RBSN - round bottom single neck flask; SiO2 -
silica gel; EtOAc, AcOEt - ethylacetate; ESIMS -
electrospray ionization mass spectrometry; HPLC - high
pressure liquid chromatography; ISCO - ISCO brand high
pressure liquid chromatography; SPhos -
2-Dicyclohexyl-phosphino-2',6'-dimethoxy-l,r-biphenyl;
Pd(TPP)4 - tetrakis(triphenylphosphine)-palladium(0);
DMTMM - 4-(4,6-dimethoxy-[l ,3,5]triazin-2-
yl)-4-methyl-morpholin-4-ium; chloride; NMM -
N-Methylmorpholine; HATU - 0-(7-
Azabenzotriazole-l-yl)-N, N.N'N'-tetramethyluronium
hexafluorophosphate; NMP - 1- Methyl-2-pyrrolidinone;
PdCl2(dppf) CH2Cl2 -
l,r-Bis-(diphenylphosphino)ferrocenepalladium(II)
dichloride Dichloromethane complex; X-Phos -
2-Dicyclohexylphosphino-
2',4',6'-tri-i-propyl-l,r-biphenyl. NMP -
l-Methyl-2-pyrroIidinone; Pearlman's catalyst
-Palladium hydroxide, 20 wt% Pd on carbon; Preparation
1
5-tert-Butyl-2-[2-(tert-butyl-dimethyl-silanyloxy)-eth
yl] -2H-pyrazol-3-ylamine A.
2-(5-Amino-3-tert-butyl-pyrazol-l -yl)-ethanol To a
solution of 4,4-dimethyl-3-oxo-pentanenitrile (5.0 g,
0.04 mol) in absolute ethanol (50 mL), add
2-hydrazino-ethanol (3 mL, 1.1 equiv.) and
concentrated HCl (0.5 mL). Reflux the reaction for 4
hours then cool to room temperature and dilute with
water and ethyl acetate. Wash the organics with water
then saturated aqueous saturated sodium chloride then
dry with magnesium sulfate, filter and concentrate in
vacuo. Trituration from hexanes and dichloromethane
gives a white solid (4.8 g, 66%). MS (ES), m/z 184
(M+l). B.
5-tert-Butyl-2-[2-(tert-butyl-dimethyl-silanyloxy)-eth
yl]-2H-pyrazol-3-ylamine To
2-(5-amino-3-tert-butyl-pyrazol-l-yl)-ethanol (3.42 g,
0.019 mol), add TBDMSCl (3.38 g, 1.2 equiv.) and
imidazole (3.18 g, 2.5 equiv.) in DMF (7 mL) and stir
overnight at room temperature under N . Dilute the
reaction with ethyl acetate and water. Wash the
organic layer with water then saturated aqueous
saturated sodium chloride and then dry over magnesium
sulfate, filter, and concentrate in vacuo to give a
solid (5.5 g, 99%) which is used without further
purification. MS (ES), m/z 298 (M+l). Make the
following intermediates according to the general
procedure described in the PCT application WO200026202
May 11, 2000, filed Oct 27, 1999 (p.52):Preparation 6
2-[2-(tert-Butyl-dimethyl-silanyloxy)-ethyl]-(5-tert-b
utyl-2H-pyrazol-3-yl)-carbamic acid
2,2,2-trichloro-ethyl ester Dissolve
5-tert-butyl-2-[2-(tert-butyl-dimethyl-silanyloxy)-eth
yl]-2H-pyrazol-3-ylamine (5.5 g, 0.018 mol) in THF
(100 mL) under N2 and cool to 0 C. Add pyridine (1.6
mL, 1.1 equiv.) via syringe followed by dropwise
addition of 2,2,2-trichloroethyl chloroformate (2.7
mL, 1.1 equiv.). Stir the reaction at 0 0C for one
hour then remove the cooling bath and allow the
reaction to stir for a total of 5 hours. Dilute the
reaction with ethyl acetate and water. Wash the
organic layer with water then saturated aqueous
saturated sodium chloride and then dry over magnesium
sulfate, filter, and concentrate in vacuo to give a
residue (8.7 g, 100%) that is used without further
purification. MS (ES), m/z 474 (M+l). Using a
procedure similar to Preparation 6, prepare the
following intermediates from commercially available
starting materials or those described in Preparations
1-5:Preparation 22
3-Iodo-7-chloro-imidazo[l,2,a]pyridine To a solution
of 7-chloro-imidazo[l,2,a]pyridine (6.10 g, 40 mmol)
(Yamanaka, Motosuke et al., Chemical & Pharmaceutical
Bulletin (1991), 39(6), 1556-67) in dry 



acetonitrile (100 mL), add N-iodosuccinamide. Stir for
30 minutes. Filter off the precipitate and then wash
with acetonitrile. Recrystallize the precipitate from
acetonitrile to give a white solid. Concentrate the
filtrate, dilute with ethyl acetate, wash with 10%
sodium hydrogensulfite (NaHSO3), saturated aqueous
sodium bicarbonate, saturated aqueous NaCl, dry over
MgSO , filter and evaporate. Use the combined solid
without further purification (8.0 g, 73%). 1H NMR
(DMSO) d 8.33 (d, IH, J =7.3 Hz), 7.79 (d, IH, J =2.0
Hz), 7.72 (s, IH), 7.07 (dd, IH, J =7.3 and 2.0 Hz).
Preparation 23 4-(4,4,5,5-Tetramethyl- [1,3
,2]dioxaborolan-2-yl)-pyrazole- 1-sulfonic acid
dimethylamide A. Pyrazole-1-sulfonic acid
dimethylamide Dissolve 4-iodopyrazole 9.24 g, 48.0
mmol) in THF (100 mL) and add NaH (2.26 g, 63.6 mmol,
60% in oil) is portionwise and stir for 30 minutes at
0 0C. Add dimethyl sulfamoyl chloride (6.18 mL, 57.6
mmol) dropwise and stir 1 hour at 0 0C and 1 hour at
room temperature. Quench the reaction with saturated
NaHCO3 solution and extract with CH2Cl2, dry over
anhydrous MgSO , filter and concentrate. Chromatograph
the residue with hexanes/ethyl acetate 1:0 to 2:1 to
give a clear oil (11.8 g, 82% yield). MS (ES), m/z 176
(M+l).B.
4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-pyraz
ole-l-sulfonic acid dimethylamide Combine
pyrazole-1-sulfonic acid dimethylamide (7.0 g, 23.2
mmol), potassium acetate (6.3 g, 69.8 mmol),
bis(pinacolato)diboron (6.5 g, 25.5 mmol), and DMSO
(140 mL) and de-gas under a stream of nitrogen. Add
PdCl2(dppf)-CH2Cl2 (0.51 g, 0.70 mmol and heat the
reaction to 80 0C overnight. Dilute the reaction with
water and extract with ethyl acetate. Wash the
combined organics with water and dry over anhydrous
MgSO4, filter and concentrate. Use the title compound
contaminated by a 33% impurity of the bipyrazole as a
mixture. Preparation 24 4-Bromo-2-ethyl-pyridine
Prepare the title compound according to the general
procedure described in Journal Organic Chemistry, Vol.
50, No. 22, 1985, page 4410-441 1. Slurry 4-
bromopyridine hydrochloride (4.17 g, 0.021 mol) in THF
(100 mL) and cool to -78 0C under nitrogen. Add
ethylmagnesium bromide (15.7 mL of a 3.0 M solution in
diethyl ether, 2.2 equiv.) dropwise via syringe. Stir
the reaction at -78 0C for 10 minutes then remove the
ice bath and allow the reaction to warm to room
temperature. Quench reaction with 20% ammonium
chloride (aq) then dilute with diethyl ether. Wash
organics with water, 1N HCl (aq), then aqueous
saturated sodium chloride. Dry organics over magnesium
sulfate, filter and concentrate in vacuo. Redissolve
the residue in toluene (100 mL) and place under
nitrogen. Dissolve tetrachloro-l,2-benzoquinone (5.8
g, 1.1 equiv.) in acetic acid (50 mL) and add dropwise
to the reaction. Allow reaction to stir overnight at
room temperature. Make the mixture basic by adding 1N
NaOH (aq) then extract with ethyl acetate. Acidify
organic layer with 1N HCl (aq) and extract with ethyl
acetate. Set organics aside. Basify the aqueous layer
with 1N NaOH (aq) and extract with DCM. Wash this
organic layer with aqueous saturated sodium chloride
then dry over magnesium sulfate. Filter and
concentrate in vacuo to give a brown residue (2.64 g,
66%). LCMS (ES), m/z 188 (M+l, bromide
pattern).Prepare the following according to the same
procedure as Preparation 24. Preparation 26
l-(4-Chloro-pyridin-2-yl)-propan-2-one Make the title
compound with a procedure similar to Preparation 162 A
below using 4-chloro-2-methylpyridine. MS(ES), m/z 170
(M+l). Preparation 27
3-Iodo-7-pyridin-2-yl-imidazo[l,2-a]pyridine A.
7-Pyridin-2-yl-imidazo[l,2-a]pyridine To a round
bottomed flask add 7-chloro-imidazo[l,2-a]pyridine
(0.25 g, 1.6 mmol), tricyclohexylphosphine (55 mg,
0.12 equiv.), potassium acetate (0.24 g, 1.5 equiv.),
bis(pinacolato)diboron (0.46 g, 1.1 equiv.) and
dioxane (10 mL). Deoxygenate this mixture thoroughly
with N2 then add tris(dibenzylideneacetone)dipalladium
(0) (75 mg, 0.05 equiv.) and heat the reaction to 80 C
overnight under N2. Filter the reaction thru Celite(r)
and wash with DCM then concentrate to dryness. To this
residue, add 2- bromopyridine (0.14 mL, 1.5 mmol),
S-Phos (75 mg, 0.125 equiv.), potassium phosphate
(0.62 g, 2 equiv.), dioxane (10 mL), and water (5 mL).
Deoxygenate this mixture thoroughly with N2, add
palladium (II) acetate (16 mg, 0.05 equiv.), and
reflux the reaction overnight. Concentrate the
reaction to dryness and slurry in DCM. Filter this
slurry thru Celite(r) and wash with DCM. Concentrate
the filtrate then purify by silica column (EtOAc to 5%
MeOH :DCM) to give a residue (0.325 g, >100 %). MS
(ES), m/z 196 (M+l).B.
3-Iodo-7-ryridin-2-yl-imidazo[l,2-a]pyridine Dissolve
7-pyridin-2-yl-imidazo[l,2-a]pyridine (0.3 g, 1.5
mmol) in absolute 



ethanol (10 mL) and add NIS (0.35 g, 1 equiv.). Heat
the reaction to 50 0C for 30 minutes under N2 then
dilute with ethyl acetate. Wash the organic layer with
1N NaOH followed by sat NaCl. Dry the organic layer
over magnesium sulfate, filter and concentrate to give
a light tan solid (0.4 g, 82%). MS (ES), m/z 322
(M+l). Prepare the following according to procedures
similar to Preparation 27: Preparation 38
4-(3-Bromo-imidazo[l,2-a]pyridin-7-yl)-l-(3-piperidin-
l-yl- rropyl)-lH-pyridin-2-one A. 4-Imidazo
[1,2-a]pyridin-7-yl-lH-pyridin-2-one Prepare this
intermediate by methods similar to Preparation 27
except using 4- bromo-2-fluoro pyridine as a coupling
partner MS(ES), m/z 214 (M+l). Heat theintermediate
2-fluoropyridine in a round bottom flask with 5N HCl
under N2 atmosphere to 80 0C for 2 hours. Cool, add 50
mL 2 M NH3 in MeOH and DCM transfer to separatory
funnel and extract with DCM (10 x). Filter aqueous
layer and combine with DCM extracts strip off DCM
under reduced pressure to give 1.26 g (26% overall)
MS(ES), m/z 212 (M+l). B.
4-Imidazo[l,2-a]pyridin-7-yl-l-(3-piperidin-l-yl-propy
l)-lH-pyridin-2-one In a RBF under nitrogen, charge
(850 mg, 4.0 mmols), l-(3- chlororpropyOpiperine HCl
(1.18 g, 6 mmol), DMF (40 mL), and Cs2CO3 (2.8 g, 8.8
mmol), NaI (450 mg, 3 mmol) and heat to 78 0C for 24
hours. Filter the reaction and rinse the solids with
DCM. Combine DCM and filtrate and strip off under
reduced pressure then purify by passing through Varian
SCX(r) (10 g) column that is pre-washed with water and
methanol, the product being eluted with (20%) 2 N NH3
in methanol/ (80%) DCM. Evaporate solvent from the
product containing fractions under reduced pressure.
Chromatograph using (40 g ISCO(r)) SiO2 eluting with a
gradient of 0% to 10% 2 M NH3 in MeOH with the balance
DCM Evaporate solvents to afford ivory solid 410 mg
(30%) MS(ES), m/z 337 (M+l). C.
4-(3-Bromo-imidazo[l,2-a]pyridin-7-yl)-l-(3-piperidin-
l-yl-propyl)-lH-pyridin- 2-one Prepare the title
compound in a similar fashion as in Preparation 78 B
with the exception that EtOH and acetonitrile are used
as solvents. MS(ES), m/z 415, 417 Br isotopes (M+l).
Preparation 39
7-[2-(3,3-Diethoxy-propyl)-pyridin-4-yl]-imidazo[l,2-a
]pyridine In a round bottomed flask, add 9-BBN (0.5 M
in THF, 42.2 mL, 2 equiv.) under nitrogen. Add
acrolein diethyl acetal (3.4 mL, 2.1 equiv.) via
syringe and stir at room temperature overnight. In a
separate flask on the second day, combine
7-(2-chIoropyridin- 4-yl)-imidazo[l,2-a]pyridine (2.42
g, 11 mmol), potassium phosphate (4.47 g, 2 equiv.),
S-Phos (0.54 g, 12.5 mol %), dioxane (90 mL), and
water (45 mL). De-gas with nitrogen then add palladium
(II) acetate (0.118 g, 5 mol %) under nitrogen. To
thissolution add the material from the first flask via
canula. Heat the reaction at 80 0C for 5.5 hours.
Concentrate to dryness. Slurry in DCM then filter to
remove insoluble material. Wash with DCM. Concentrate
filtrate and purify by silica plug (1:1 Hexanes :
Ethyl Acetate - Ethyl Acetate - 5% Methanol :DCM - 10%
Methanol : DCM) to give a residue (4.15 g, >100 %)
which is used as is for the next step. MS (ES), m/z
326 (M+l). Preparation 40
7-[2-(2-Morpholin-4-yl-propyl)-pyridin-4-yl]-imidazo[l
,2-a]pyridine Dissolve
l-(4-imidazo[l,2-a]pyridin-7-yl-pyridin-2-yl)-propan-2
-one (3.9 g, 15.5 mmol) in methanol (400 mL) under
nitrogen. Add morpholine hydrochloride (38.4 g, 20
equiv.) followed by 3 A Sieves (7.8 g, powdered and
dried in a vacuum oven at 100 0C overnight). Stir five
minutes then add sodium cyanoborohydride (1.0 M in
THF, 28 mL, 1.8 equiv.) via syringe and stir at room
temperature for 5 days. Filter to remove insoluble
material, washing with methanol. Concentrate to
dryness then make basic with 20% NaOH (aq) and extract
with ethyl acetate. Wash organics with aqueous
saturated sodium chloride then dry over MgSO4. Filter
and concentrate then purify by silica gel (Ethyl
Acetate - 5% Methanol : DCM - 10 % Methanol :DCM - 5%
2M NH3 in methanol : DCM - 10 % 2M NH3 in Methanol :
DCM) to give product as a tan solid (3.7 g, 74%). MS
(ES), m/z 323 (M+l). Prepare the following using
procedures similar to Preparation 40: Preparation 42
[2-(4-Imidazo[l,2-a]pyridin-7-yl-pyridin-2-yl)-l-methy
l-ethyl]-carbamic acid tert-butyl ester Dissolve
2-(4-imidazo[l,2-a]pyridm-7-yl-pyridin-2-yl)-l-methyl-
ethylamine (0.1 g, 0.4 mmol) in a mixture of THF (10
mL) and DCM (10 mL) under nitrogen. Add
ditert-butyl-dicarbonate (0.095 g, 1.1 equiv.). Stir
45 minutes at room temperature then dilute with ethyl
acetate. Extract organics with water, 1N NaOH (aq),
then aqeuous sodium chloride. Dry organics over MgSO ,
then filter and concentrate. Purify by silica gel (10
% Methanol : DCM) to give product (0.125 g, 89 %). MS
(ES), m/z 353.2 (M+l). Preparation 42A
3-Iodo-7-(4-methanesulfonyl-phenyl)-imidazo[l,2-a]pyri
dine 



A. 7-(4-Methanesulfonyl~rhenyl)-imidazo[
1,2-a]pyridine Heat a mixture of
7-chloro-imidazo[l,2-a] pyridine (100 g, 152.5 mmol, 1
eq), 4- methylsulfonylphenyl boronic acid (157.3 g,
786.8 mmol, 1.2 eq), Pd(PPh3)4 (19 g, 16.3 mmol, 0.025
eq) and cesium carbonate (472.4 g, 1.44 mol, 2.2 eq)
in a mixture of anhydrous DME (2000 mL) and EtOH (1000
mL) at 80 0C under N2 atmosphere for 24 hours. Cool
the mixture to room temperature and filter through
Celite(r) to remove Pd catalyst. Add water (5000 mL)
and extract this solution with CH2Cl2 (3x2000 mL). Dry
the organic phase over MgSO4 and evaporate. Add to the
crude 2000 mL of CH2Cl2 and heat to reflux. Remove
insoluble materials by filtration and evaporate the
solvent to afford a yellow solid. Wash the solid with
ethyl ether to give 150 g of the desired compound as a
light yellow solid. (Yield: 85%). MS (ES), m/z 213
(M+l). B.
3-Iodo-7-(4-methanesulfonyl-phenyl)-imidazo[l,2-a]pyri
dine Treat a solution of
7-(4-methanesulfonyl-phenyl)-imidazo[l,2-a]pyridine
(101 g, 371.3 mmol, 1 eq) in 2000 mL of CH3CN at O0C
with NIS (83.5 g, 371.3 mmol, 1 eq). Allow the mixture
to stir at room temperature for 1 hour. Remove the
solvent and the dissolve the residue in 5000 mL of
CH2Cl2 , wash with 10% NaOH solution, NaHSO sat.,
water and aqueous saturated sodium chloride. Dry over
MgSO4 and evaporate. Triturate the solid obtained with
hexanes, filter and dry in vacuo to afford 110 g of
the title compound as a yellow solid. (Yield: 75%). MS
(ES), m/z 399 (M+l). Preparation 43
4-(3-Iodo-imidazo[l,2-a] ryridin-7-yl)-benzoic acid
methylPrepare the title compound using a similar
procedure as the one for the preparation of
3-iodo-7-(4-methanesulfonyl-phenyl)-imidazo[l,2-a]pyri
dine. MS(ES), m/z 379 (M+l). Preparation 44
4-[7-(4-Methanesulfonyl-phenyl)-imidazo[l,2-a]pyridin-
3-yl]- Combine
3-iodo-7-(4-methanesulfonyl-phenyl)-imidazo[l,2-a]pyri
dine (2.50 g, 6.28 mmol), (4-aminomethylphenyl)boronic
acid, HCl (1.29 g, 6.91 mmol) and K2CO3 (3.47 g, 25.11
mmol) in 1,4-dioxane (30 mL) and water (15 mL). Bubble
nitrogen through the mixture for five minutes. Add
dichlorobis(triphenylphosphine) palladium (II) (0.132
g, 0.188 mmol). Attach a reflux condenser, and heat
the mixture to 110 C. Stir overnight (15 hours), and
cool to room temperature. Concentrate the mixture to
dryness in vacuo. Slurry the resulting solid into
dichloromethane/methanol and filter through Celite (r)
521. Concentrate the solution in vacuo to a yellow
solid. Purify by column chromatography (ethyl acetate
-> 5% methanol in dichloromethane - 10% methanol in
dichloromethane - 10% 2 M NH3 in methanol in
dichloromethane) to afford product (1.57 g, 66%).
MS(ES), m/z 378 (M+l). Prepare the following according
to Preparation 44:Preparation 55
4-(7-Pyridin-3-yl-imidazo[l,2-a]pyridin-3-yl)-phenylam
ine A.
4-(7-Chloro-imidazo[l,2-a]pyridin-3-yl)-phenylamine To
a round bottomed flask add
7-chloro-3-iodo-imidazo[l,2-a]pyridine (3.0 g, 0.011
mol), add
4-(4,4,5,5-tetramethyl-l,3,2-dioxaborolan-2-yl)aniline
(2.6 g, 1.1 equiv.), potassium carbonate (4.5 g, 3
equiv.), dioxane (40 mL), and water (20 mL).
Deoxygenate this mixture thoroughly with N2 then add
dichlorobis(triphenylphosphine)palladium (II) (0.23 g,
0.03 equiv.) and reflux the reaction overnight under
N2. Concentrate the reaction to dryness and slurry in
DCM. Filter this slurry thru Celite(r) and wash with
DCM. Concentrate the filtrate then purify by silica
plug (EtOAc to 5% MeOH :DCM to 10 %MeOH : DCM) to give
a pale grey solid (2.6 g, 100%). MS (ES), m/z 244
(M+l). B.
4-(7-Pyridin-3-yl-imidazo[l,2-a]pyridin-3-yl)-phenylam
ine To a round bottomed flask add
4-(7-chloro-imidazo[l,2-a]pyridin-3-yl)- phenylamine
(0.5 g, 2.1 mmol), pyridine-3-boronic acid (0.38 g,
1.5 equiv.), potassium phosphate (0.87 g, 2 equiv.),
2-dicyclohexylphosphino-2',6'-dimethoxy-l,l'-biphenyl
(also called S-Phos, 0.105 g, 0.125 equiv.),
1,4-dioxane (10 mL), and water (5 mL). Deoxygenate
this mixture thoroughly with N2 then add palladium
(II) acetate (23 mg, 0.05 equiv.) and reflux the
reaction overnight. Concentrate the reaction to
dryness and slurry in DCM. Filter this slurry thru
Celite(r) and wash with DCM. Concentrate the filtrate
then purify by silica plug (EtOAc to 5% MeOH :DCM to
10 %MeOH : DCM) to give a yellow solid (0.39 g, 66%).
MS (ES), m/z 287 (M+l).Prepare the following according
to procedures similar to Preparation 55: Preparation
62
4-(7-Thien-3-yl-imidazo[l,2-a]pyridin-3-yl)-benzylamin
e Dissolve
4-(7-thien-3-yl-imidazo[l,2-a]pyridin-3-yl)-benzonitri
le (0.087 g, 0.29 mmol) in THF (8 mL). To the solution
add a BH3-Me2S solution (2 M, 1.0 mL, 2.0 mmol) at
room temperature. Stir the solution for 15 minutes and
then heat at 50 0C for 3.5 hours. Cool the mixture at
0 0C and acidify to pH = 1 slowly and stir for 30
minutes. Make the reaction mixture basic with solid
NaOH to pH = 12-14, followed by extraction with ethyl
acetate. Wash the extracts with saturated aqueous
saturated sodium chloride, 



dry over MgSO4, filter and evaporate to afford 0.070
g. MS(ES), m/z 306 (M+l). Prepare the following
according to procedures similar to Preparation 62:
Preparation 64
4-(7-Pyridin-4-yl-imidazo[l,2-a]pyridin-3-yl)-phenylam
ine A. 7-Pyridin-4-yl-imidazo[l,2-a]pyridine Method
A:Charge a 250 niL round bottom flask equipped with a
magnetic stirrer, temperature controlled heating
mantle, under N2 atmosphere, condenser, with
7-chloroimidazo[ l,2-a]pyridine (4.0 g, 26.2 mmol),
4-pyridyl boronic acid (3.54 g, 28.8 mmol 1.1 Eq),
2-dicyclohexylphosphino-2',6'-dimethoxy-l,l'-biphenyl
(600 mg) [X-Phos can be used as an alternate ligand in
this reaction], Pd(OAc)2 (145 mg), K3PO4 (11.1 g, 52.6
mmol), and dioxane: H O 2:1 (170 mL). Warm the
reaction while purging with a N2 needle, then heat to
65 0C for 18 hours. Cool the reaction to room
temperature and transfer to a separatory funnel and
siphon off the bottom layer (25 mL). Add EtOAc and
evaporate the solvents under reduced pressure off.
Take the solids up into EtOAc again, and evaporate
under reduced pressure to azeotrope off traces of
water. Dissolve the brown solid into CH2Cl2 and 5%
MeOH and then chromatograph using SiO2 eluting with a
slow gradient of 0% to 10% of 2 M NH3 in MeOH with the
balance CH2Cl2 . Evaporate the product fractions under
reduced pressure to give a light yellow/tan solid 4.5
g (89%). MS (ES), m/z 196 (M+l). A.
7-Pyridin-4-yl-imidazo[l,2-a]pyridine Method B: 1) To
a 250 mL round-bottom flask under nitrogen, charge
7-chloro-imidazo[l,2- ]pyridine (5.07 g, 33.2 mmol, 1
eq), bis(pinacolato)diboron (10.18 g, 40.1 mmol, 1.2
eq), potassium carbonate (6.86 g, 49.6 mmol, 1.5 eq),
Pd(OAc)2 (370 mg, 1.6 mmol, 0.05 eq),
tricyclohexylphosphine (914 mg, 3.3 mmol, 0.10 eq),
diglyme (50 mL), and water (68 mL). Heat the reaction
mixture to 100 C for 24 hours, then stir over the
weekend at room temperature. Filter the mixture and
rinse with 2 x 10 mL diglyme. Slurry the solids in 50
mL water for 1 hour, then filter and rinse 2 x 10 mL
water. Dry the wet cake (-10 g) in vacuo at 60 C
overnight to give the title compound as a gray solid
(6.54 g, 26.8 mmol, 81% yield) with a purity of 99.3%
by HPLC. 2) To a 100 mL round-bottom flask with stir
bar and condenser, under nitrogen, charge
4-bromopyridine hydrochloride (3.98 g, 20.5 mmol, 1
eq), 7-(4,4,5,5-tetramethyl-
[l,3,2]dioxaborolan-2-yl)-imidazo[l,2- ]pyridine (5.47
g, 22.4 mmol, 1.1 eq), Pd(OAc)2 (90 mg, 401 mmol, 0.02
eq), triphenylphosphine (217 mg, 827 mmol, 0.04 eq),
K3PO4 (8.6 g, 40.5 mmol, 2 eq), 1-propanol (36 mL),
and water (12 mL). Heat this reactionmixture to reflux
(90 0C) overnight and then cool to room temperature.
Separate the layers and add 40 mL MTBE and 40 mL 1M
HCl to the PrOH layer. Wash the aqueous layer with 40
mL MTBE and rinse twice with 6 mL 1-propanol. Add
methanol (4 mL) to the aqueous layer, which is heated
to 45 0C before adding 9 mL of 5 M NaOH. Cool the
reaction mixture, and seed at 25 0C. Filter the
reaction mixture after 1.5 hours and rinse with 2 x 4
mL water with 10% MeOH, then with 8 mL MTBE (to help
get the water out of the cake and ease drying). Dry
the solids in vacuo at 60 C. Isolate the title as a
yellow solid (2.90 g) in 73% yield with 98% purity by
HPLC (at 215 nm). B.
3-Iodo-7-pyridin-4-yl-imidazo[l,2-a]pyridine Charge a
250 mL round bottom flask equipped with: a magnetic
stirrer, temperature controlled heating mantle, N2
atmosphere, with 7-pyridin-4-yl-imidazo[l,2-
a]pyridine (3.35 g, 17.2 mmol), NIS (3.8 g, 16.8
mmol), EtOH (3A). Heat the reaction to 65 0C for 1
hour. This can be followed by SiO2 TLC (100% EtOAc).
Add more NIS (3.8 g, 16.8 mmol) and heat the reaction
to 65 0C for 1 hour. Mix the reaction while cooling in
an ice bath for 30 minutes then filter and rinse the
solids with MeOH. Air dry the solids and vacuum oven
dry at 40 0C to afford 4.59 g (83%). Additional
product can be obtained from the filtrate. MS (ES),
m/z 322 (M+l). C.
4-(7-Pyridin-4-yl-imidazo[l,2-a]pyridin-3-yl)-phenylam
ine. Charge a 250 mL round bottom flask equipped with
a magnetic stirrer, temperature controlled heating
mantle, under a N2 atmosphere, condenser, with
3-iodo-7- pyridin-4-yl-imidazo[l,2-a]pyridine (4.95g,
15.4 mmol), 4-amino phenyl boronic acid (1.07 g),
4-(4,4,5,5-tetramethyl-l,3,2-dioxanborolan-2-yl)anilin
e (2.69 g) [these combined give (18.5 mmols 1.2
equivalents) total of boronic acid], dimethoxy ethane
(140 mL), 2 M K2CO3 (40 mL, 28.8 mmol, 1.1 eq), and
Pd(PPh 3)4 (836 mg). Warm the reaction while purging
with N2, then heat to 65 0C for 18 hours. Cool the
reaction to room temperature and transfer to a
separatory funnel and siphon off the bottom layer (25-
30 mL). Evaporate the DME under reduced pressure off
and take the residue up into MeOH (1 L), and 2 M NH3
in MeOH (10 mL). Filter the solution to remove Pd(O)
and evaporate under reduced pressure to coat onto SiO2
gel. Vacuum dry the SiO2 andchromatograph using SiO2
eluting with a gradient of 0% to 10% of 2 M NH in MeOH
with the balance CH2Cl . Evaporate the solvents under
reduced pressure affording a bright yellow solid 2.6 g
(60%). MS (ES), m/z 286 (M+l). Prepare the following
according to Preparation 64: Preparation 7 1
l-(5-Bromo-pyridin-2-yl)-3-(5-tert-butyl-isoxazol-3-yl
)-urea 



Dissolve (5-tert-butyl-isoxazol-3-yl)-carbamic acid
2,2,2-trichloro-ethyl ester (0.480 g, 1.52 mmol, 1.0
eq.) and 5-bromo-pyridin-2-yl amine (0.263 g, 1.52
mmol, 1.0 eq.) in DMSO (2.0 mL). Add triethyl amine
(0.22 mL, 1.52 mmol, 1.0 eq.). Stir the reaction
mixture at 80 C for about 16 hours, cool, then dilute
with diethyl ether (100 mL), wash with saturated
aqueous saturated sodium chloride (2x20 mL), water
(2x20 mL), dry, filter, and concentrate to produce a
brown oil. Purify the oil by silica gel flash
chromatography employing a 0-10% gradient of ethyl
acetate in dichloromethane to furnish 0.302 g (58%) of
the title compound as a brown solid. MS (ES), m/z 339,
341 (M+l).Prepare the following according to
procedures similar to Preparation 71: The following
intermediates are prepared using essentially the same
procedure as for Example 64 below: Preparation 75
{4-[7-(6-Fluoro-pyridin-3-yl)-imidazo[l,2-a]pyridin-3-
yl]-benzyl}-carbamic acid tertbutyl ester A.
[4-(7-Chloro-imidazo[l,2-a]pyridin-3-yl)-benzyl]-carba
mic acid tert-butyl ester Add to a suspension of
3-iodo-7-chloro-imidazo[l,2-a]pyridine (4.80 g, 17.2
mmol, 1.0 eq) in dioxane (90 niL) 2 M Na2CO3 (30 mL)
and (4-aminomethylphenyl)- boronic acid (3.88 g, 20.7
mmol, 1.2 eq.). Deoxygenate the mixture and fill with
nitrogen. Add tetrakis (triphenylphosphine) palladium
(0.50 g, 0.43 mmol, 0.025 eq). Deoxygenate the
reaction mixture and fill with nitrogen. Stir the
reaction mixture at 85 0C for three days. Add (Boc)2O
(4.51g, 20.7 mmol, 1.2 eq.) and stir the mixture at 60
0C for 20 minutes. Concentrate the mixture to dryness
in vacuo. Slurry the resulting solid into
dichloromethane/methanol and filter through CeIite (r)
521. Concentrate the solution in vacuo to a yellow
solid (5.60 g). Employ silica gel flash
chromatographyusing a 0-4% MeOH/DCM gradient to afford
4.50 g (12.6 mmol, 73%) of the title compound as a
slightly yellow solid as product. MS(ES), m/z 358
(M+l). B.
{4-[7-(6-FluoiO-pyridin-3-yl)-imidazo[l,2-a]pyridin-3-
yl]-benzyl}-carbamic acid tertbutyl ester Suspend
[4-(7-chloro-imidazo[l,2-a]pyridin-3-yl)-benzyl]-carba
mic acid tertbutyl ester (1.90 g, 5.30 mmol, 1.0 eq.)
in dioxane/water (2:1, 36 mL). Add 2-fluoro-5-
pyridine boronic acid (0.75 g, 5.30 mmol, 1.0 eq.),
K3PO4 (2.25 g, 10.6 mmol, 2.0 eq.), and S-phos ( 0.272
g, 0.66 mmol, 0.125 eq.). Deoxygenate the mixture and
fill with nitrogen. Add Pd(OAc)2 ( 0.059 g, .265 mmol,
0.05 eq.). Deoxygenate the reaction mixture and fill
with nitrogen. Stir the reaction at 80 0C under
nitrogen for 16 hours. A white solid is formed after
the solution is cooled down. Filter off the white
solid, wash with water (3x15 mL), EtOAc (3x15 mL).
Collect the solid (1.50 g). Purify the filtrate by
silica gel flash chromatography with a 0-5% MeOH/DCM
gradient to afford the title compound (0.52 g) as a
slightly yellow solid. Combine the chromatography
product and the filtered solids to give slightly
yellow solid. (2.02 g, 4.83 mmol) MS(ES), m/z 419
(M+l). Prepare the following according to procedures
similar to Preparation 75: Preparation 78
4-(7-Thiazol-2-yl-imidazo[l,2-a]pyridin-3-yl)-phenylam
ine A. 7-thiazol-2-yl-imidazo[l ,2- ]pyridine In a 500
mL round bottom flask, stir a suspension of
7-chloro-imidazo[l,2- ]pyridine (7.5 g, 49.2 mmol) in
250 mL 1,4-dioxane with bis(pinacolato)diboron
(13.74g, 54.1 mmol, 1.1 eq), potassium acetate (7.24
g, 73.8 mmol, 1.5 eq) and tricyclohexylphosphine (1.66
g. 5.9 mmol, 0.12 eq). Deoxygenate the resulting
slurry with two cycles of evacuation and bubbling
nitrogen through the slurry for 10 minutes each. Fit
the flask with a reflux condenser and add
tris(dibenzylidineacetone)dipalladium (0) (2.25 g,
2.45 mmol, 0.05 eq) and stir the mixture under
nitrogen at 80 0C overnight. Filter the hot mixture
over a ~ 1 cm pad of celite, wash with 50 mL
1,4-dioxane, then concentrate the combined filtrate
and wash to give a brown pasty solid. Suspend a
portion of the solid (32.8 mmol) in 80 mL of dioxane,
combine with 41.25 mL of 2 M aqueous sodium carbonate
(82.5 mmol, 2.5 eq) and 2-bromothiazole (4.38 mL, 8.07
g, 49.2 mmol, 1.5 eq), then deoxygenate twice via
evacuation and bubbling nitrogen through the
suspension. Add tetrakis (triphenylphosphine)
palladium (1.89 g, 1.64 mmol, 0.05 eq), fit the flask
with a reflux condenser and stir the mixture under
nitrogen at 100 0C overnight. Filter the dark
brown-black hot mixture through a 1 cm pad of
Celite(r), wash with 50 mL dioxane, then apply the
combined filtrate and wash equally to three 25 g SCX
Mega Bond-Eluttm SCX cartridges (Varian) each
pre-washed with 200 mL 1:1 CH Cl2MeOH. After loading
with vacuum assist, wash each cartridge with 300 mL
1:1 CH2Cl2MeOH, then elute with 160 mL 1:1 CH2C 12:2 M
NH3-MeOH. Concentrate the combined eluates in vacuo
and purify through a 330 g silica gel cartridge using
a 0 to 5% methanol gradient in dichloromethane.
Concentrate the pooled clean fractions and dry to
yield 3 g (45%) of 7-thiazol-2-yl-imidazo[l,2-
a]pyridine as a tan solid. MS (ES) m/z 202, (M+l). B.
3-Bromo-7-miazol-2-yl-imidazo[l,2- a]pyridine 



Dissolve 7-thiazol-2-yl-imidazo[l,2- ]pyridine (1.14
g, 5.66 mmol) in 25 mL absolute ethanol, then add NBS
(1.0 g, 5.66 mmol), stir the mixture at room
temperature for 15 minutes, dilute with 35 mL
dichloromethane and apply to a 10 g SCX Mega
Bond-Elut(tm) cartridge (Varian) pre-washed with 150
mL 1:1 CH2Cl2MeOH. Wash the SCX cartridge with 300 mL
1:1 CH2Cl2MeOH, elute with 150 mL CH2C 12:2 M NH3-
MeOH, and concentrate the eluates and dry to provide
1.07 g (67%) of the title compound as a tan solid. MS
(ES) 280, 282.C.
4-(7-Thiazol-2-yl-imidazo[l,2-a]pyridin-3-yl)
rhenylamine Take up 3-bromo-7-miazol-2-yl-imidazo[l,2-
]pyridine (1.07 g, 3.82 mmol) and 4-aminophenylboronic
acid hydrochloride (793 mg, 4.58 mmol, 1.2 eq) in 15
mL of dioxane and 7 mL of 2 N aqueous sodium
carbonate, then deoxygenate with vacuum/nitrogen
bubbling as described above. Add tetrakis
(triphenylphosphine) palladium (0) (221 mg, 0.19 1
mmol, 0.05 eq), fit the reaction flask with a reflux
condenser and heat the mixture to 95 0C with stirring
under nitrogen for approximately 16 hours. Cool the
dark brown reaction mixture, dilute with ethyl acetate
(-40 mL) and partition the layers in a separatory
funnel. Dry the organic layer over solid magnesium
sulfate, filter, then apply to a 10 g SCX Mega
Bond-Elut(tm) cartridge (Varian) prewashed with 100 mL
1:1 CH2Cl2MeOH. After loading, wash the cartridge with
another 200-250 mL of the CH2Cl2MeOH solution, then
elute the product with 100 mL of CH2C12:2 M NH3-MeOH,
concentrate to a brown-orange oil, and purify via
flash chromatography with a gradient of 0 to 5%
methanol in dichloromethane. Pool the clean fractions
and concentrate to provide 750 mg (67%) of the title
compound as a yellow-brown solid after drying. MS (ES)
m/z 293 (M+l). Preparation 79
2-Chloro-4-(7-pyridin-4-yl-imidazo[l,2-a]pyridin-3-yl)
-phenylamine A.
2-Chloro-4-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-
yl)-phenylamine Dissolve 4-bromo-2-chloro-phenylamine
(4.2 g, 20 mmol) in dioxane (80 mL) in a RBF under
nitrogen. Add triethylamine (10 mL, 3.6 equiv.) then
sparge with nitrogen to de-gas. Add 4,4,5,
5-tetramethyl-[l,3,2]dioxaborolane (8.5 mL, 2.9
equiv.) dropwise via syringe over approximately 5
minutes. Sparge an additional 5 minutes with nitrogen
then add [l,r-Bis(diphenyl-phosphino)ferrocene]
dichloropalladium(II) (0.603 g, 3.7 mol %, 1:1 complex
with dichloromethane). Place under nitrogen and heat
at 80 0C overnight. After the reaction cools, filter
via Celite(r) washing with hexanes. Concentrate
filtrate to dryness and use crude. B.
2-Chloro-4-(7-pyridin-4-yl-imidazo[l,2-a]pyridin-3-yl)
-phenylamineCombine
3-iodo-7-pyridin-4-yl-imidazo[l,2-a]pyridine (2.18 g,
6.8 mmol), 2- chloro-4-(4,4,5,5-tetramethyl-[l
,3,2]dioxaborolan-2-yl)-phenylamine (crude material
from previous step, excess), potassium carbonate (2.8
g, 3 equiv.), dioxane (30 mL), and water (15 mL).
De-gas thouroughly with nitrogen then add dichlorobis(
triphenylphosphine) palladium (II) (0.143 g, 3 mol %).
Heat reaction at 80 0C overnight. Concentrate to
dryness then slurry in DCM and filter via Celite(r),
washing with DCM. Concentrate filtrate then purify by
silica plug (Hexanes - 1:1 Hexanes : Ethyl Acetate ->
2.5 %Methanol :DCM - 5% Methanol : DCM) to give an
orangeyellow solid (1.42 g, 46%). MS (ES), m/z 321.1
(M+l). Prepare the following according to procedures
similar to the above: Preparation 82
3-{4-[7-(4-Methanesulfonyl-phenyl)-imidazo[l,2-a]pyrid
in-3-yl]-phenyl}-propionic Combine
3-iodo-7-(4-methanesulfonyl-phenyl)-imidazo[l,2-a]pyri
dine (125.0 mg, 0.314 mmol, 1.0 equiv) with
[4-(2-carboxyethyl)phenylboronic acid (122 mg, 0.628
mmol, 2.0 equiv) in the presence of
tetrakis(triphenylphoshine)palladium (0) (36.3 mg,
0.031 mmol, 0.10 equiv), and sodium carbonate (99.8
mg, 0.942 mmol, 3.0 equiv) in DME and water mixture
(1:1) (4 mL) in a 2-5 mL reaction volume microwave
vessel. Seal the reaction vessel with a septum then
place in the microwave cavity. Stir the mixture for 20
seconds then use microwave irradiation to raise the
temperature from room temperature to 100 0C. Once
desired temperature is reached, hold the reaction
mixture at this temperature for 3 hours. Allow the
reaction vessel to cool to room temperature before
opening. Apply the reaction mixture to SCX resin,
which is eluted with dichloromethane, methanol, then
2.0 M ammonia in methanol. Concentrate the methanolic
ammonia fraction to dryness under reduced pressure
using a rotaryevaporator. Carry forward the residue
(139.0 mg) without additional purification. MS (ES)
m/z 421 (M+l) Prepare the following according to
procedures similar to Preparation 82: Preparation 84
2-[4-(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-ph
enyl]-N-(3-trifluoromethylphenyl)- acetamide A.
2-(4-Bromo-phenyl)-
-(3-trifluoromethyl-phenyl)-acetamide Dissolve
4-bromophenyl acetic acid (10.00 g, 46.50 mmol),
diisopropylethylamine (12.02 g, 16.20 mL, 93.00 mmol)
and l,l'-carbonyldiimidazole (8.29g, 51.15 mmol) in
tetrahydrofuran (200 mL) at room temperature. Stir the
contents under nitrogen for one 



hour. Add m-trifluoromethylaniline (15.00 g, 93.00
mmol) and stir the reaction overnight at room
temperature. Concentrate the reaction to near dryness,
dissolve in dichloromethane (250 mL) and extract with
2 N NaOH (200 mL), water (100 mL) and 1 N HCl (2 X 200
mL). Wash the organic layer with saturated aqueous
saturated sodium chloride (100 mL), dry over MgSO4,
filter and concentrate. Dry load the material onto
silica (100 g) and chromatograph on silica using
dichloromethane as eluent to yield the product (13.00
g, 78.1%). MS(ES), m/z 356/358 (M+l). B.
2-[4-(4,4,5,5-Tetramethyl-[l
,3,2]dioxaborolan-2-yl)-phenyl]-N-(3-trifluoromethylph
enyl)- acetamide Dissolve 2-(4-bromo-phenyl)-
-(3-trifluoromethyl-phenyl)-acetamide (3.00, 8.38
mmol), bis(pinacolato)diboron (2.65 g, 10.48 mmol),
potassium acetate (1.23 g, 12.57 mmol), and
tricyclohexyl-phosphine (295 mg, 1.05 mmol) in
anhydrous dioxane (95 mL). Deoxygenate the reaction
contents with nitrogen for 10 minutes at room
temperature. Add palladium acetate (II) (95 mg, 0.42
mmol) to the reaction. Fit a reflux condenser and heat
the reaction mixture to 80 0C for 15 hours. Cool the
reaction anddilute with ethyl acetate (200 mL).
Extract/wash the ethyl acetate solution with water (3
X 100 mL), dry over MgSO4, filter and concentrate to
dryness. Dissolve the crude solid in warm
dichloromethane, and slowly add hexane. Upon cooling,
crystals form; add additional hexanes to the organics
and after sitting for two hours, filter the suspension
to yield the product (3.00 g, 88.5%). Wash with
hexanes. MS(ES), m/z 404 (M-I). Prepare the following
according to procedures similar to Preparation 49:
Preparation 92
N-(4-Chloro-3-trifluoromethyl-phenyl)-2-[4-(4,4,5,5-te
tramethyl-[l,3,2]dioxaborolan-2- yl)-phenyl]
-acetamide A.
2-(4-Bromo-phenyl)-N-(4-chloro-3-trifluoromethyl-pheny
l)-acetamide Dissolve 4-bromophenylacetic acid (25.39;
118.07 mmol) in ether (200 mL). Add anhydrous pyridine
( 1 mL) and cool the reaction to 0 C, then add oxalyl
chloride (18.44 g, 12.86 mL, 145.32 mmol). After 15
minutes, allow the reaction to come to ambient
temperature. At 1.5 hours, add DMF (0.4 mL) and stir
for an additional hour.Concentrate to a thick amber
oil. Dilute with dichloromethane (118 mL) to provide a
1 N stock solution of (4-bromo-phenyl)-acetyl chloride
(118 mmol). Dissolve 4-chloro-3-trifluoromethylaniline
(4.13 g, 21.1 mmol) in anhydrous dichloromethane (21
mL) with N,N-diisopropylethylamine (13.57 g, 18.29 mL,
105 mmol) and cool to 0 0C. Add to the aniline in the
ice cold solution the stock acid chloride solution in
dichloromethane (21.1 mL) dropwise. Stir overnight at
ambient temperature. Dilute further with
dichloromethane (100 mL) and wash with 1N HCl (I X 50
mL), water (1 X 50 mL), 1N NaOH (2 X 50 mL), and
aqueous saturated sodium chloride (50 mL). Dry
organics over MgSO4, filter and then concentrated to
provide crude amide. Chromatograph on silica using 1:1
of (15% ethyl acetate in dichloromethane)/hexanes.
Recrystallize from dichloromethane/ hexanes. (2.78 g,
7.08 mmol, 42.2 %). MS(ES), m/z 390/392 (M+l). B.
N-(4-Chloro-3-trifluoromethyl-phenyl)-2-[4-(4,4,5,5-te
tramethyl-[l,3,2]dioxaborolan- 2-yl)-phenyl]
-acetamide Use a procedure similar to that for
Preparation 84. MS(ES), m/z 438 (M-I). Prepare the
following according to procedures similar to
Preparation 92: Preparation 97
4-[4-(7-Chloro-imidazo[l,2-
]pyridin-3-yl)-phenyl]-N-(3-trifluoromethyl-phenyl)-
butyramideSuspend
4-[4-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-2-yl)-ph
enyl]- -(3- trifluoromethyl-phenyl)-butyramide (0.47
g, 1.15 mmol), 7-chloro-3-iodo-imidazo[l,2- a]pyridine
(0.29 g, 1.05 mmol) and solid potassium carbonate
(0.48 g, 3.45 mmol) in dioxane (4 mL) and water (2
niL). Deoxygenate the reaction contents with nitrogen
for 10 minutes at room temperature. Add
trans-dichlorobis(triphenylphosphine)palladium (II)
(22 mg, 0.03 mmol) to the reaction. Fit a reflux
condenser and heat the reaction to 105 0C over the
weekend. Cool the reaction, dilute with
dichloromethane and filter through Celite(r).
Concentrate the filtrate and then chromatograph on
silica, using 0-3 % methanol/ethyl acetate, to yield
the product (301 mg, 57%). MS(ES), mfz 458 (M+l).
Prepare the following according to procedures similar
to Preparation 97: Preparation 99
C-{4-[7-(4-Methanesulfonyl-phenyl)-imidazo[l,2-a]pyrid
in-3-yl]-thiazol-2-yl}- methylamine A.
[4-(7-Chloro-imidazo[l,2-
]pyridin-3-yl)-thiazol-2-ylmethyl]-carbamic acid
tert-butyl ester To a solution of
(4-trimethylstannyl-thiazol-2-ylmethyl)-carbamic acid
tert-butyl ester (0.480 g, 1.27 mmol, 1.0 eq.)
[prepared as in the PCT application WO2004046101, June
3, 2004, filed November 10, 2003] in anhydrous dioxane
(4 mL), add 7-chloro-3- iodo-imidazo[l,2- ]pyridine
(0.354 g, 1.27 mmol, 1.0 eq.) and LiCl (0.162 g, 3.0
eq.). Add Pd(PPh3)4 (0.102 g, 0.07 eq.). Deoxygenate
the reaction mixture and fill with nitrogen. Stir at
90 0C over night, cool, then dilute with 5% MeOH/DCM
(100 mL), 



wash with saturated aqueous saturated sodium chloride
(2x20 mL), water (2x20 mL), dry, filter, and
concentrate. Chromatograph on silica gel first with a
50%-100% EtOAc/DCMgradient then a 5% MeOH/DCM gradient
to afford 0.18O g of the title compound, which is used
in the next step without further purification: MS(ES),
m/z 365 (M+l).
B.{4-[7-(4-Methanesulfonyl-phenyl)-imidazo[l,2-
a]pyridin-3-yl]-thiazol-2-ylmethyl}- carbamic acid
tert-butyl ester To a suspension of
[4-(7-chloro-imidazo[l,2-
]pyridin-3-yl)-thiazol-2-ylmethyl]- carbamic acid
tert-butyl ester (0.180 g, 0.49 mmol, 1.0 eq.) in
dioxane/water (2:1, 6 mL), add
4-(methylsulphonyl)-benzeneboronic acid (0.108 g, 1.1
eq.), K3PO4 (0.208 g, 2.0 eq.), S-phos (0.025 g, 12.5%
eq.) and Pd(OAc) 2 (0.006 g, 0.05 eq.). Deoxygenate
the reaction mixture and fill with nitrogen and stir
at 100 C for 4 hours. Cool the mixture to room
temperature and dilute with 5:95 MeOH/DCM (100 mL).
Wash the mixture with saturated aqueous saturated
sodium chloride (2x20 mL), water (2x20 mL), dry,
filter, and concentrate. Purify the residue on silica
gel with a 0-80% EtOAc/Hexane gradient, then with 5:95
MeOH/DCM to give 0.160 g of the title compound as a
slightly yellow solid. C.
{4-[7-(4-Methanesulfonyl-phenyl)-imidazo[l,2-a]pyridin
-3-yl]-thiazol-2-yl}- methylamine To a solution of
{4-[7-(4-methanesulfonyl-phenyl)-imidazo[l,2-
]pyridin-3-yl]- thiazol-2-ylmethyl}-carbamic acid
tert-butyl ester (0.160 g, 0.33 mmol, 1.0 eq.) in 1:1
MeOH/DCM (20 mL), add HCl (4 M in dioxane, 6 mL). Stir
the reaction mixture at room temperature for 3 hours,
then at 60 0C for 2 hours. Evaporate the reaction
mixture under vacuum and use without further
purification. Preparation 100
2-[4-(7-Chloro-imidazo[l,2-a]pyridin-3-yl)-phenyl]-N-(
3-trifluoromethyl-phenyl)- acetamide Couple
3-iodo-7-chloro-imidazo[l,2,a]pyridine (655 mg, 2.35
mmol) and 2-[4-
(4,4,5,5-Tetramethyl-[l,3,2]dioxaborolan-2-yl)-phenyl]
-N-(3-trifluoromethyl-phenyl)- acetamide (1.00 g, 2.47
mmol) using a procedure similar to Preparation 99B.
MS(ES), m/z 430 (M+l).Prepare the following according
to procedures similar to Preparation 100: Preparation
102 7-Iodo-imidazo[l,2-a]pyridine Combine
4-iodo-pyridin-2-ylamine (4.00 g, 18.18 mmol) and
chloroacetaldehyde (2.77 mL, 21.82 mmol) in ethanol
(40 mL). Attach a reflux condenser, and heat the
mixture to 83 C, stir overnight (15 hours), and cool
to room temperature. Filter the resulting solution to
yield the product as a tan solid (1.40 g, 32%).
MS(ES), m/z 245 (M+l) Preparation 103
7-Ethynyl-imidazo [1,2-a]pyridine
A.7-[(Triisopropylsilanyl)-ethynyl]-imidazo[l,2-a]pyri
dine Combine 7-iodo-imidazo[l,2-a]pyridine (2.64 g,
10.82 mmol), ethynyltriisopropyl- silane (3.61 mL,
16.23 mmol), copper (I) iodide (0.103 g, 0.541 mmol)
and triethylamine (7.54 mL, 54.09 mmol) in 1,4-dioxane
(50 mL). Bubble nitrogen through the mixture for five
minutes. Add [l,l'-Bis(diphenyl-phosphino)ferrocene]
dichloropalladium(II) (0.442 g, 0.541 mmol, 1:1
complex with dichloromethane). Attach a reflux
condenser, and heat the mixture to 85 0C, stir
overnight (15 hours), and cool to room temperature.
Filter the mixture through CeIite (r) 521. Concentrate
the solution in vacuo to a dark brown oil and use as
is. MS(ES), m/z 299 (M+l). B.
7-Ethynyl-imidazo[l,2-a]pyridine Combine
7-[(Triisopropylsilanyl)-ethynyl]-imidazo[l,2-a]pyridi
ne (3.23 g, 10.82 mmol) and tetrabutylammonium
fluoride (1.19 mL, 1.19 mmol, 1.0 M in THF) in THF (5
mL). Stir the mixture at room temperature for 40
minutes, then concentrate in vacuo to ablack oil.
Purify by column chromatography (ethyl acetate) to
afford product (1.10 g, 71%). MS(ES), m/z 143.1 (M+l).
Preparation 104
7-(lH-[l,2,3]Triazol-4-yl)-imidazo[l,2-a]pyridine
Combine 7-ethynyl-imidazo[l,2-a]pyridine (1.10 g, 7.74
mmol), copper (I) iodide (0.074 g, 0.387 mmol), and
trimethylsilyl azide (1.53 mL, 11.61 mmol) in a 9:1
mixture of DMF:methanol (13.8 mL) in a pressure flask.
Seal the flask with a Teflon screw cap and heat the
reaction mixture to 100 0C, stir overnight (15 hours),
and cool to room temperature. Concentrate the mixture
to dryness in vacuo. Slurry the resulting solid into
dichloromethane and filter through Celite (D 521.
Concentrate the solution in vacuo to an orange solid.
Purify by column chromatography (ethyl acetate - 5%
methanol in dichloromethane - 8% methanol in
dichloromethane) to afford product (0.82 g, 57%).
MS(ES), m/z 186 (M+l). Preparation 105
3-Iodo-7-(lH-[l,2,3]triazol-4-yl)-imidazo[l,2-a]pyridi
ne Use a procedure similar to Preparation 27B with
7-(lH-[l,2,3]triazol-4-yl)- imidazo[l,2-a]pyridine to
give the title compound MS(ES), m/z 312 (M+l). 



Preparation 106 7-(2,6-Dimethyl-pyridin-4-yl)-imidazo[
1,2-a]pyridine Prepare from
7-iodo-imidazo[l,2,a]pyridine and 4-bromo-2,6-dimethyl
pyridine (Acta. Chemica. Scandinavica. B42, (1988)
pages 373-377) using a procedure similar to
Preparation 27A. MS(ES), m/z 224 (M+l). Preparation
107
5-(l-Methyl-cyclopropyl)-[l,3,4]thiadiazol-2-ylamine
Combine 1-methylcyclopropane-l-carboxylic acid (10.00
g, 99.88 mmol), and thiosemicarbazide (9.10 g, 99.88
mmol) in dioxane (110 mL). Heat the mixture to 90 C
under N2, then add phosphorus(III) oxychloride (9.14
mL, 99.88 mmol) dropwise over 25minutes. The reaction
mixture is stirred for 6 hours at 90 0C, then 8 hours
at room temperature. Decant onto 200 g ice and add
ammonium hydroxide to make basic. Filter to remove
solids; the filtrate is extracted with ethyl acetate.
The organic layer is washed with water. Dry the
resulting organics over magnesium sulfate, filter, and
concentrate to give product (2.54 g, 16%). MS (ES),
m/z 156 (M+l). Preparation 108
4-Dimethylaminomethyl-5-(l-methyl-cyclopropyl)-thiazol
-2-ylamine dihydrochloride A.
2-Amino-5-(l-methyl-cyclopropyl)-thiazole-4-carboxylic
acid methyl ester Combine
(l-Methyl-cyclopropyl)-methanol (5.00 g, 58.05 mmol),
4- methylmorpholine N-oxide (10.20 g, 87.08 mmol) and
4 angstrom sieves (5.6 g) in CH2Cl2 (200 mL). Stir the
reaction mixture for 20 minutes at room temperature
under N2. Add tetrapropylammonium perruthenate (1.02
g, 2.90 mmol) and stir for 5 hours. Purify on a plug
of silica gel; elute with CH2Cl2. Combine fractions
containing product and concentrate in vacuo; some
CH2Cl2 remains. Carry this material on directly to the
next reaction step. Combine
1-Methyl-cyclopropanecarbaldehyde (4.88 g, 58.01 mmol)
and methyldichloroacetate (5.46 mL, 52.74 mmol) in
diethyl ether (20 mL); cool to 0 0C. Add dropwise a
solution of sodium (1.21 g, 52.74 mmol) in methanol
(20 mL). Stir the reaction mixture for 4 hours at 0 0C
under N2. Extract the mixture with diethyl ether
versus water. Dry the resulting organics over
magnesium sulfate, filter, and concentrate to a clear
liquid. Combine the liquid with thiourea (4.42 g,
58.01 mmol) in methanol (25 mL). Heat the reaction
mixture for 14 hours at 60 0C under N2. Concentrate in
vacuo and purify on a plug of silica gel, eluting with
hexanes - 3% methanol in dichloromethane - 5% methanol
in dichloromethane to afford product (5.10 g, 46% over
two steps). MS (ES), m/z 213 (M+l). B.
2-tert-Butoxycarbonylamino-5-(l-methyl-cyclopropyl)-th
iazole-4-carboxylic acid Combine
2-Amino-5-(l-methyl-cyclopropyl)-thiazole-4-carboxylic
acid methyl ester (5.10 g, 24.03 mmol) and
di-tert-buty\ dicarbonate (5.24 g, 24.03 mmol) in
pyridine (15 mL). Stir the reaction mixture for 1
hour, then add a solution of
potassiumtrimethylsilanolate (17.12 g, 120.13 mmol) in
THF (100 mL). Stir the reaction mixture for 14 hours
under N2. Extract the mixture with ethyl acetate
versus 1N HCI. The organic layer is washed with
aqueous saturated sodium chloride. The resulting
organics are dried over magnesium sulfate, filtered,
and concentrated. Purify on a plug of silica gel,
eluting with hexanes - 5% methanol in dichloromethane
to afford product (4.55 g, 64%). MS (ES), m/z 243
(M+l, product - tert-butyl). C.
[4-Hydroxymethyl-5-(l-methyl-cyclopro
ryl)-thiazol-2-yl]-carbamic acid tert-butyl ester
Dissolve
2-tert-butoxycarbonylamino-5-(l-methyl-cyclopropyl)-th
iazole-4- carboxylic acid (2 g, 6.7 mmol) in THF (100
mL) and cool to 0 0C under nitrogen. Add triethylamine
(0.93 mL, 1 equiv.) followed by the dropwise addition
of isobutyl chloroformate (0.87 mL, 1 equiv.). Stir 30
minutes at 0 0C then filter, washing with THF. Cool
filtrate back to 0 0C then add sodium borohydride
(0.76 g, 3 equiv.) in one sum followed by the dropwise
addition of methanol (4.1 mL, 15 equiv.). After 45
minutes at 0 0C remove cooling bath and let warm to
room temperature for 15 minutes. Quench reaction
(cautiously) with 1 N HCl (aq), approximately 50 mL.
Extract with DCM. Wash organics with aqueous saturated
sodium chloride. Dry organics over MgSO4 then filter
and concentrate. Purify on silica gel ( 2 : 1 Hexanes
: Ethyl Acetate -> 1 : 1 Hexanes : Ethyl Acetate) to
give a white solid (1.11 g, 58%). LCMS (ES), m/z 229
(M+l, product - 1Butyl). D.
[4-Dimethylaminomethyl-5-(l-methyl-cyclopropyl)-thiazo
l-2-yl]-carbamic acid tertbutyl ester Dissolve
[4-hydroxymethyl-5-(l-methyl-cyclo
rropyl)-thiazol-2-yl]-carbamic acid tert-butyl ester
(1.11 g, 3.9 mmol) in DCM (50 mL) under nitrogen. Add
triphenylphosphine (2.05 g, 2 equiv.) followed by
carbon tetrabromide (2.6 g, 2 equiv.). Let stir at
room temperature for 15 minutes then concentrate and
purify on silica gel (Hexanes - 9:1 Hexanes : Ethyl
acetate) to give the bromide (1.02 g, 75%). Redissolve
this material in THF (40 mL) and add dimethylamine
(7.3 mL of a 2 M solution in THF, 5 equiv.) and stir
at room temperature for 4 hours. Filter the reaction,
washing with THF.Concentrate filtrate to give product
(0.9 g, 99%). 1H NMR (400 MHz, DMSO-d6) d 11.2 



(bs, IH), 3.34 (s, 2H), 2.15 (s, 6H), 1.43 (s, 9H),
1.28 (s, 3H), 0.80 (m, 2H), 0.73 (m, 2H). E.
4-Dimethylaminomethyl-5-(l-methyl-cyclopropyl)-thiazol
-2-ylamine dihydrochloride Dissolve
[4-dimethylaminomethyl-5-(l-methyl-cyclopropyl)-thiazo
l-2-yl]- carbamic acid tert-butyl (0.9 g, 2.9 mmol) in
dioxane (40 mL) under nitrogen then add 4M HCl in
dioxane (7.2 mL, 10 equiv.) and stir at room
temperature overnight. LCMS shows mostly starting
material. Heat the reaction at 40 0C overnight. LCMS
shows partial conversion to product. Raise temperature
to 60 C and heat overnight. LCMS shows reaction
complete. A white precipitate is present; filter to
isolate solid. Solid appears hygroscopic. Redissolve
solid in methanol and concentrate to give a white
solid (0.784 g, 95%). MS (ES), m/z 212 (M+l).
Preparation 109
5-tert-Butyl-4-dimethylaminomethyl-thiazol-2-ylamine
Prepare using procedures similar to Preparation 108.
Isolate the product using a SCX cartridge (10 g VARIAN
bond elut), eluting with 1:1 methanol:dichloromethane,
then 1:1 2 M NH3 in methanol:dichloromethane.
Concentrate the latter to afford the title compound
(0.190 g, l>100%). MS (ES), m/z 169 (M+l, product -
NMe2) . Prepare the following according to procedures
similar to Preparations 108/109: Preparation 110
2-(2-Amino-thiazol-5-yl)-propan-2-ol Add n-Butyl
lithium (1.6 M solution in hexane, 24 mL, 38 mmol, 2.0
eq.) in a dropwise manner at -78 0C under nitrogen to
the solution of 2-amino thiazole (1.90 g, 18.97 mmol,
1.0 eq.) in anhydrous THF (80 mL). Add chlorotrimethyl
silane (4.8 mL, 38mmol, 2.0 eq.) to the mixture slowly
at -78 0C. Let the reaction mixture warm up to 0 0C
slowly and stir the mixture at 0 0C for 10 minutes.
Cool the solution to -78 0C and add n- Butyl lithium
(1.6 M solution in hexane, 12 mL, 19 mmol, 1.0 eq.) in
a dropwise manner. Add acetone (1.4 mL, 19 mmol, 1.0
eq.) last. Stir the reaction mixture at -78 0C for 10
minutes, then at room temperature for 30 minutes.
Quench with ammonium chloride (sat. 10 mL) at -78 0C.
Then warm up to room temperature. Add ethyl acetate
(200 mL). Wash the organic layer with aqueous
saturated sodium chloride (3x30 mL), water (2x30 mL).
Dry the organic phase over MgSO4 and filter the drying
reagent off. Concentrate in vacuo. Purify by column
chromatography (0% 5% methanol in dichloromethane ->
10% methanol in dichloromethane) to afford product
(1.38 g, 46%). MS(ES), m/z 159 (M+l). Prepare the
following according to procedures similar to
Preparation 110: Preparation 113
5-Cyclobutyl-thiazol-2-ylamine Hydrogenate
l-(2-amino-thiazol-5-yl)-cyclobutanol (0.94 g, 5.52
mmol, 1.0 eq.) in trifluroacetic acid (16 mL) in the
presence of Pearlman's catalyst (0.16 g) under H2 (52
psi) for over night. Filter off the catalyst. Wash
with methanol. Concentrate in vacuo. Add
dichloromethane (100 mL) to the residue. Wash the
organic layer with sodium bicarbonate (sat. 2x30 mL),
aqueous saturated sodium chloride (2x20 mL) and water
(2x30 mL). Dry the organic phase over MgSO4 and filter
the drying reagent off. Concentrate in vacuo. Purify
by column chromatography (0%-> 5% methanol in
dichloromethane) to afford product (0.508 g, 60%).
MS(ES), m/z 155 (M+l). Preparation 114
5-Isopropyl-4-pyrrolidin-l-ylmethyl-thiazol-2-ylamineA
. 4-Methyl- 1-pyrrolidin- 1-yl-pentane- 1,2-dione Add
oxalychloride (5.3 niL, 60.24 mmol, 1.6 eq.) slowly to
the solution of Amethyl- 2-oxovaleric acid (4.90 g,
37.65 mmol, 1.0 eq.) in dichloromethane (50 mL) at 0
0C under nitrogen. Add Dimethylforamide (2 drops)
last. Stir the reaction mixture overnight. Concentrate
in vacuo. Add dichloromethane (100 mL). Add this
solution to the solution of pyrrolidine (6.90 g, 97.02
mmol, 2.6 eq.) in dichloromethane (50 mL) at 00C
slowly under nitrogen. Stir the reaction mixture for 1
hour at room temperature after addition. Wash with HCl
(1 N) until the aqueous layer is acidic, then with
aqueous saturated sodium chloride (2x20 mL) and water
(2x30 mL). Dry the organic phase over MgSO4 and filter
the drying reagent off. Concentrate in vacuo. Purify
by column chromatography (0%- 5% ethyl acetae in
dichloromethane) to afford product (4.60 g, 66%). B.
3- Bromo-4-methy 1-1 -pyrrolidin- 1-yl-pentane-
1,2-dione Add 4-methyl-l -pyrrolidin- 1-yl-pentane-
1,2-dione (4.50 g, 24.56 mmol, 1.0 eq.) in chloroform
(120 mL) to the solution of copper (II) bromide (16.45
g, 73.67 mmol, 3.0 eq.) in ethyl acetate (200 mL) at
680C. Stir the reaction mixture overnight. Filter
through a pad of celica, wash with dichloromethane.
Concentrate in vacuo. Use the 6.12 g brown oil (23.3
mmol, 95%) for the next step without further
purification. C.
(2-Amino-5-isopropyl-thiazol-4-yl)-pyrrolidin-l-yl-met
hanone Add 3-
bromo-4-methyl-l-pyrrolidin-l-yl-pentane-l,2-dione
(3.0 g, 11.44 mmol, 1.0 eq.) to the solution of
thiourea (1.31 mmol, 1.5 eq.) in ethanol (40 mL). Stir
the reaction mixture at reflux for overnight.
Concentrate in vacuo. Add dichloromethane 



(200 mL). Wash the organic layer with sodium
bicarbonate (sat. 2x30 mL), aqueous saturated sodium
chloride (2x20 mL) and water (2x30 mL). Dry the
organic phase over MgSO4 and filter the drying reagent
off. Concentrate in vacuo. Purify by column
chromatography (0% 5% ethyl acetae in dichloromethane)
to afford product (4.60 g, 66%). MS(ES), m/z 240
(M+l). D.
5-Isopropyl-4-pyrrolidin-l-ylmethyl-thiazol-2-ylamineP
repare according to procedures similar to preparation
of 3-morpholin-4- ylmethyl-5-trifluoromethyl-
rhenylamine. MS(ES), m/z 226 (M+l). Preparation 115
5-tert-Butyl-4-(2-dimethylamino-ethoxy)-2-memyl-phenyl
amine Heat a mixture of
4-amino-2-tert-butyl-5-methyl-phenol (600 mg, 3.2
mmol), N,N-dimethylamine ethyl bromide HBr salt (820
mg, 3.4 mmol), and potassium hydroxide (750 mg, 13.4
mmol) in 1,2-dimethoxyethane in a microwave vessel
with irradiation of < 10 Watts at a temperature of
150-170 0C for 5 minutes. After the reaction cools,
filter via Celite(r) and wash with dichloromethane.
Concentrate the filtrate and purify by silica gel
column chromatography, with a gradient from 100% DCM
to 5% MeOH in DCM to 5% (2N ammonia in MeOH) in DCM to
yield the title compound as a red brown oil (26 %
yield). LCMS (ES), m/z 251 (M+l). Preparation 116
3-tert-Butyl-5-morpholin-4-ylmethyl-phenylamine A.
4-(3-tert-Butyl-5-iodo-benzyl)-morpholine Dissolve
l-tert-butyl-3-iodo-5-methyl -benzene ( 1 g, 3.6 mmol,
prepared according to Chem. Soc. Perkin Trans. 1,
1987, page 859-866) in carbon tetrachloride (20 mL)
under nitrogen. Add NBS (0.71 g, 1.1 equiv.) followed
by AIBN (0.06 g, 0.1 equiv.) and heat overnight at 70
0C. Filter in the morning, washing with hexanes.
Concentrate filtrate and use crude. Dissolve this
residue in THF (10 mL) under nitrogen and cool to 0
0C. Add morpholine (0.64 mL, 2 equiv.) dropwise via
syringe and stir 5 minutes with cooling. Remove ice
bath and let warm to room temperature. After one hour
concentrate to dryness and purify the residue on
silica gel (Hexanes - 4:1 Hexanes Ethyl Acetate) to
give product (0.785 g, 60% over 2 steps). MS (ES), m/z
360.1 (M+l). B
3-tert-Butyl-5-morpholin-4-ylmethyl-phenylamine
Combine 4-(3-tert-butyl-5-iodo-benzyl)-morpholine
(0.785 g, 2.2 mmol), benzophenone imine (0.44 mL, 1.2
equiv.), sodium tert-butoxide (0.29 g, 1.4 equiv.),
racemic BESfAP (0.061 g, 4.5 mol %), and THF (10 mL).
De-gas with nitrogen then addbis(dibenzylideneacetone)
palladium (0.037 g, 3 mol%) and heat reaction at 50 0C
overnight under nitrogen. In the morning add
approximately 4 mL of 5 N HCl (aq) and heat for one
hour at 50 0C. Let cool to room temperature then
dilute with ethyl acetate and make basic with 1 N NaOH
(aq). Wash organics with water then aqueous saturated
sodium chloride. Dry organics with MgSO4, filter and
concentrate in vacuo. Purify on silica gel (4:1
Hexanes : Ethyl Acetate - 10% Methanol : DCM) to give
product (0.449 g, 83%). MS (ES), m/z 249.3 (M+l).
Prepare the following according to procedures similar
to Preparation 116: Preparation 118
l-(3-Amino-phenyl)-2,2-dimethyl-propan-l-one A.
l-(3-Iodo-phenyl)-2,2-dimethyl-propan-l-one Combine
NaOtBu (3.6 g, 4 equiv.), THF (10 mL), and NMP (10 mL)
in a round bottomed flask. Place under nitrogen and
cool to 0 0C. Dissolve l-(3-iodo-phenyl)- propan-1-one
(2 g, 9.4 mmol) in THF (10 mL) and add dropwise to the
reaction. Immediately following, add methyl iodide
(2.3 mL, 4 equiv.) via syringe. Stir at 0 C for 5
hours. Quench reaction with water then dilute with
ethyl acetate. Wash organics with water then aqueous
saturated sodium chloride. Dry over magnesium sulfate,
filter and concentrate in vacuo. Purify by silica
chromatography (Hex -> 5% EtOAc : Hexanes) to give 2.0
g clear liquid. 1H NMR (400 MHz, DMSO-d6) d 7.70 (m, 2
H), 7.66 (m, 1 H), 7.40 (m, 1 H), 1.23 (s, 9 H). B.
l-(3-Amino-phenyl)-2,2-dimethyl-propan-l-one Combine
l-(3-iodo-phenyl)-2,2-dimethyl-propan-l-one (2.0 g,
8.3 mmol), benzophenone imine (1.7 mL, 1.2 equiv.),
racemic BINAP (0.23 g, 4.5 mol %), NaOtBu (1.1 g, 1.4
equiv.), and THF (30 mL). De-gas thouroughly with
nitrogen then add bis(dibenzylideneacetone) palladium
(0.14 g, 3 mol %) and place under nitrogen. Heatthe
reaction at 50 0C overnight. The next morning add
approximately 8 mL 5 N HCl (aq) and heat for ana
additional hour at 50 0C. Let cool to room temperature
then dilute with ethyl acetate and make basic with 1N
NaOH (aq). Wash organics with aqueous saturated sodium
chloride. Dry over magnesium sulfate, filter and
concentrate in vacuo. Purify by silica chromatography
(Hex - 9:1 Hex : EtOAc -> 4:1 Hex : EtOAc) to give a
yellow residue (1.2 g, 82%). MS (ES), m/z 178 (M+l).
Preparation 119
3-(6-Amino-4-tert-butyl-pyridin-3-yl)-N,N-dimethyl-acr
ylamide A. 5-Bromo-4-tert-butyl-pyridin-2-ylamine
Dissolve 4-tert-butyl-pyridin-2-ylamine (3 g, 20 mmol)
in anhydrous acetonitrile 



(25 mL). Add N-bromosuccinimide (3.56 g, 20 mmol).
Stir the reaction in the dark for overnight at room
temperature. Dilute with EtOAc and wash with 1N NaOH
(aq.) and saturated aqueous sodium bicarbonate.
Extract the organic layer. Wash the aqueous layer
further with DCM. Dry the combined organic layers
(MgSO4), and purify by silica gel column
chromatography (EtOAc / hexane) to yield 2 g of the
title compound (44 %). LCMS (ES), m/z 231 (M+l). B.
3-(6-Amino-4-tert-butyl-pyridin-3-yl)-N,N-dimethyl-acr
ylamide De-gas a mixture of
5-bromo-4-tert-butyl-pyridin-2-ylamine (330 mg, 1.4
mol), N,N-dimethylacrylamide (0.22 mL, 2.1 mmol),
triethylamine (0.4 mL, 2.1 mmol) in toluene (4 mL)
while purging with nitrogen for 3 minutes. Add
palladium(II)acetate (60 mg, 0.28 mmol) and
tetrakis(triphenylphosphine)palladium(0) (690 mg, 0.6
mmol) under nitrogen. Heat the reaction overnight in
sealed vessel at 120 0C. Cool the mixture to room
temperature, filter through Celite(r) and concentrate.
Purification by silica gel column chromatography (100%
DCM to 3% MeOH in DCM) to yield the title compound (81
% yield). LCMS (ES), m/z 248 (M+l). Prepare the
following according to procedures similar to
Preparation 119:Preparation 121
2-(4-Bromo-2-fluoro-phenyl)-N-[3-(morpholine-4-carbony
l)-5-trifluoromethyl-phenyl]- acetamide A.
Morpholin-4-yl-(3-nitro-5-trifluoromethyl-phenyl)-meth
anone Dissolve 3-nitro-5-trifluoromethyl-benzoic acid
(2.9 g, 12.6 mmol) and 1- hydroxy-7-azabenzotriazole
(25 niL of 0.5 M solution in DMF) in THF. Add 1,3-
dicyclohexylcarbodiimide (2.6 g, 12.6 mmol) and
morpholine (1 g, 11 mmol). Stir the mixture for 48-72
hours at room temperature. Dilute the resulting
suspension with DCM and quench with saturated aqueous
ammonium chloride. Wash the organic layer further by
aqueous saturated sodium chloride and water, dry
(MgSO4) and concentrate to a yellow-white residue.
Purify by silica gel column chromatography, with a
gradient from 100% hexane to 50% hexane in ethyl
acetate, yielding the title compound as 2.5 g white
solid (75 % yield). LCMS (ES), m/z 305 (M+l). B.
(3-Amino-5-trifluoromethyl-phenyl)-morpholin-4-yl-meth
anone Dissolve the
morpholin-4-yl-(3-nitro-5-trifluoromethyl-phenyl)-meth
anone (830 mg, 2.7 mmol) in MeOH (40 niL) at room
temperature. Add ammonium chloride (3 g, 56 mmol) and
stir at for 10 minutes before adding Zn powder (5 g,
76 mmol) with stirring for another 5-10 minutes. F
ilter and wash with MeOH. Concentrate to a white solid
of 2 g material, containing excess ammonium chloride.
LCMS (ES), m/z 275 (M+l). Use in the next step without
further purification. C.
2-(4-Bromo-2-fluoro-phenyl)-N- [3-(morpholine-4-c
arbonyl)-5-trifluoromethylphenyl]- acetamide Dissolve
(4-bromo-2-fluoro-phenyl)-acetic acid (692 mg, 3.0
mmol) in THF (24 mL) and add
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (618 mg, 3.2 mmol), stir for 10 minutes.
Dissolve (3-amino-5-trifluoromethyl-phenyl)-morpholin-
4-yl-methanone (740 mg, excluding excess ammonium
chloride) from previous step in DCM (24 mL) with Et3N
(3.3 mL, 23 mmol). Add the activated acid to the amine
mixture and stir at room temperature for overnight.
Dilute the resulting suspension withEtOAc and wash
with saturated NaHCO3 and aqueous saturated sodium
chloride successively. Dry the organic layer (MgSO4) ,
concentrate and purify by silica gel column
chromatography (EtOAc/Hexane gradient) to obtain the
title compound (15 % yield). LCMS (ES), m/z 491 (M+l).
Prepare the following according to procedures similar
to Preparation 121: Preparation 123
3-Morpholin-4-ylmethyl-5-trifluoromethyl-phenylamine
Dissolve (3-amino-5-trifluoromethyl-phenyl)-mo f
holin-4-yl-methanone (1.2 g, 4.3 mmol) in THF and
dropwise and add BH3-Me2S solution (6.5 mL, 13.1 mmol,
2M in THF). Stir at room temperature for 3 hours. Add
another portion of BH3-Me2S solution (2.2 mL, 4.3
mmol, 2M in THF) and heat at 65 0C for 1.5 hours under
nitrogen. Cool to room temperature and quench
carefully with dropwise addition of 1N HCl: water 1:1
(8mL), stir for 30-60 minutes. Extract by EtOAc and
wash with saturated aqueous NaHCO and aqueous
saturated sodium chloride. Purification by silica gel
column chromatography with gradient from 100 %DCM to
6% MeOH in DCM to 5% (2N NH3 in MeOH)/ in DCM,
yielding the title compound (600 mg, 54 % yield). LCMS
(ES), m/z 261 (M+l). Preparation 124
4-Dimethylaminomethyl-pyridin-2-ylamine A.
2-Amino-N,N-dimethyl-isonicotinamide To LDA (7.3 mL,
13 mmol, 1.8M in ether/heptane) at 0 0C, add dropwise
dimethylamine (13 mL, 26 mmol, 2M in THF) under
nitrogen. Stir for 30 minutes and add
2-amino-4-pyridine carboxylic acid methyl ester (2 g,
13 mmol, in 3 mL of anhydrous THF and 2 mL of
anhydrous ether). Seal and heat at 85 0C overnight.
Cool 



the mixture to room temperature and quench with water.
Dilute with EtOAc and isolatethe top organic layer.
Extract the aqueous layer further with saturated
sodium bicarbonate and ether, then DCM. Pool all the
oraganic layers, dry (MgSO4) and concentrate. Purify
by strong cation exchange (SCX) column to obtain the
crude product and use in the next step without further
purification. LCMS (ES), m/z 166 (M+l). B.
4-Dimethylaminomethyl-pyridin-2-ylamine Use the same
procedure that was described for the preparation of
3-morpholin-4- ylmethyl-5-trifluoromethyl-phenylamine
to obtain the desired compound. Use in the next step
without chromatography purification. Preparation 125
4-Cyclopropyl-pyridin-2-ylamine A.
4-Cyclopropyl-pyridine In a 3-neck round bottom flask
of anhydrous THF (60 mL), add pyridine (6.1 mL, 75
mmol) and cool to -20 0C. Add CuI (463 mg, 2.5 mmol),
and then dropwise add ethyl chloroformate (4.8 mL, 50
mmol) via a syringe and stir. At the same temperature,
add cyclopropylmagnesium bromide solution (100 mL, 0.5
M in ether, 50 mmol) dropwise via a syringe over 10-15
minutes. Stir for 15 minutes at -20 0C, and then at
room temperature for 2 hours. Dilute the reaction with
ether (20OmL) and quench at room temperature by NH4Cl
(20% aq.). Wash the organic layer by 30-50 mL portions
of 20% NH4CI/NHUOH (1:1) buffer, water, 10% HCl, water
and aqueous saturated sodium chloride subsequently.
Dry the organic layer over MgSO4 and concentrate to a
crude orange-brown/yellow oil. Purification by silica
gel/column chromatography with a gradient of hexane to
50% hexane/ether to afford the dihydropyridine
intermediate. Heat the crude dihydropyridine
intermediate (3.3 g, approximately 17 mmol) with
sulfur (neat, 656 mg, 20 mmol) at 190-200 0C for 100
minutes while distillation of ethanol proceeds. After
removal of ethanol is completed, vacuum distill the
remaining residue to afford the title compound in 30 %
yield (2 steps). LCMS (ES), m/z 120 (M+l).B.
4-Cyclopropyl-pyridin-2-ylamine Reflux
4-cyclopropyl-pyridine (600 mg, 5 mmol),
N,N-dimethylaniline (1.4 mL, 11 mmol) and NaNH2 (50%
in toluene, 468 mg, 6 mmol) at 150-160 0C under
nitrogen in toluene for overnight. Cool the mixture
and dilute with water and ethyl acetate. Extract the
organic layer by minimal amount of water. Dry the
organic layer (combination of anhydrous MgSO ,Na2SO4
and K2CO ), concentrate and purify by silica gel
column chromatography to obtain the title compound in
12% yield. LCMS (ES), m/z 135 (M+l). Pre are the
followin accordin to rocedures similar to Pre aration
125: Preparation 128
2-(4-Bromo-2-fluoro-phenyl)-N-[5-(l-methyl-cyclopropyl
)-[l,3,4]thiadiazol-2- yl]-acetamide Combine
(4-bromo-2-fluoro-phenyl)-acetic acid (3.81 g, 16.35
mmol) and 5-(l-
Methyl-cyclopropyl)-[l,3,4]thiadiazol-2-ylamine (2.54
g, 16.35 mmol) in THF (45 mL). Under N2, add
4-methyl-morpholine (2.16 mL, 19.62 mmol), then
4-(4,6-dimethoxy-
[l,3,5]triazin-2-yl)-4-methyl-morpholin-4-ium;
chloride (5.43 g, 19.62 mmol). Stir the reaction
mixture for 14 hours under N2. Extract with ethyl
acetate versus water. Wash with aqueous saturated
sodium chloride, dry over magnesium sulfate, filter,
and concentrate. Triturate the resulting solid from
ethyl acetate/hexanes, filter, and dry to give fluffy
white solid as the title compound (2.86 g, 47%). MS
(ES), m/z 370, 372 (M+l). Preparation 129
4-(3-Amino-5-trifluoromethyl-benzoyl)-piperazine-l-car
boxylic acid tert-butyl ester A.
4-(3-Nitro-5-trifluoromethyl-benzoyl)-piperazine-l-car
boxylic acid tert-butyl esterPrepare the title
compound according to the same procedure as
Preparation 128. MS (ES), m/z 402 (M-I). B.
4-(3-Amino-5-trifluoromethyl-benzoyl)-piperazine-l-car
boxylic acid tert-butyl ester Hydrogentate
4-(3-nitro-5-trifluoromethyl-benzoyl)-piperazine-l-car
boxylic acid ter -butyl ester (4.8 g, 11.9 mmol) in
MeOH (120 mL) with 10% Pd on activated carbon (400 mg)
at room temperature for 3 hours. Filter and
concentrate into a white solid as the title compound
(3.94 g, 10.55 mmol, 89%). MS (ES), m/z 372 (M-I). Use
in the next step without purification. Prepare the
following according to procedures similar to
Preparation 128:Preparation 153
4-[7-(2-Diethylaminomethyl-pyridin-4-yl)-imidazo[l,2-a
]pyridin-3-yl]-2-fluorophenylamine Combine
diethyl-(4-imidazo[l
,2-a]pyridin-7-yl-pyridin-2-ylmethyl)-amine (1.00 g,
3.57 mmol), 4-bromo-2-fluoro-phenylamine (1.36 g, 7.13
mmol) and potassium acetate (0.700 g, 7.13 mmol) in
DMSO (4 niL). De-gas the mixture for 10 minutes with
N2. Add dichlorobis(triphenylphosphine) palladium (II)
(0.250 g, 0.357 mmol); stir the reaction mixture for
14 hours under N2 at 100 C. Purify using an SCX
cartridge (10 g VARIAN bond elut), eluting with 1:1
methanol :dichloromethane, then 1:1 2 M NH3 in
methanoLdichloromethane. Purify via reverse phase
chromatography using a 25 cm by 50.8 mm (i.d.) column
w/10 micron particles (MeCN/0.03%HCl H2O (5:95) to
100% MeCN; 30 min). Compound obtained is partitioned
between ethyl acetate andl N NaOH. 



Wash the organic layer with aqueous saturated sodium
chloride, dry over magnesiumsulfate, filter, and
concentrate to afford the title compound (0.286 g,
21%). MS(ES), m/z 390 (M+l). Preparation 154
4-[4-(3-{4-[3-(5-tert-Butyl-isoxazol-3-yl)-ureido]-3-f
luoro-phenyl}-imidazo[l,2-
a]pyridin-7-yl)-benzoyl]-piperazine-l-carboxylic acid
tert-butyl ester Combine
4-(3-{4-[3-(5-tert-Butyl-isoxazol-3-yl)-ureido]-3-fluo
ro-phenyl}- imidazo[l,2-a]pyridin-7-yl)-benzoic acid
(2.00 g, 3.89 mmol), piperazine-1-carboxylic acid
tert-butyl ester (1.09 g, 5.84 mmol),
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (0.821 g, 4.28 mmol), triethylamine
(1.63 mL, 11.68 mmol), and 1- hydroxybenzotriazole
(0.579 g, 4.28 mmol) in DMF (50 mL). Stir at room
temperature for 14 hours. Partition between ethyl
acetate and 1N NaOH, wash with aqueous saturated
sodium chloride, dry over magnesium sulfate, filter,
and concentrate. Triturate the resulting solid from
CH2Cl2/hexanes, filter, and dry to give off-white
solid as product (1.53 g, 58%). MS (ES), m/z 683
(M+l). Prepare the following according to procedures
similar to the one above: Preparation 157
(4-{7-[4-(4-Methyl-piperazine-l-carbonyl)-phenyl]-imid
azo[l,2-a]pyridin-3-yl}-benzyl)- carbamic acid
tert-butyl ester Combine [4-(7-boronic
acid-imidazo[l,2-a]pyridin-3-yl)-benzyl]-carbamic acid
tert-butyl ester (1.86 g, 5.07 mmol),
(4-bromo-phenyl)-(4-methyl-piperazin-l-yl)- methanone
(1.6 g, 5.65 mmol), sodium carbonate (1.08 g, 10.14
mmol) in 1,4-dioxane (50 mL) and water (5 mL). Bubble
nitrogen through the mixture for five minutes. Add
tetrakis-(triphenylphosphine-palladium[0] (0.29 g,
0.25mmol). Attach a reflux condenser, and heat the
mixture to 80 C, stir overnight (15 hours), and cool
to roomtemperature. Add ethylacetate/water (300 mL/100
mL). Extract the aqueous phase 2X with ethylacetate
(100 mL). Extract the combined organic phase with
aqueous saturated sodium chloride (50 mL) and then dry
the organic phase over anhydrous magnesium sulfate.
Filter the organic phase and concentrate the filtrate
to a residue. Purify by chromatography (hexanes-^ 50%
ethyl acetate/hexanes - 5% methanol in dichloromethane
- 10% methanol in dichloromethane-M0% 2N ammonia
methanol in dichloromethane) to afford the title
product (0.87g, 33%). MS(ES), m/z 526 (M+l).
Preparation 158
{4-[3-(4-Ammomethyl-phenyl)-imidazo[l,2-a]pyridin-7-yl
]-pyridin-2-ylmethyl}-diethylamine tri-hydrochloride
A. 4-Iodo-2-methyl-pyridine Dissolve
4-chloro-2-methyl-pyridine (1.2 g, 9.4 mmol) in THF
(10 mL) under nitrogen. Add 4 M HCl in dioxane (2.4
mL, 1.0 equiv.) dropwise to the reaction to give a
white precipitate. Stir five minutes then concentrate
to dryness. Add sodium iodide (4.8 g, 3.4 equiv.) and
acetonitrile (40 mL) to the solid and reflux overnight
under nitrogen. Dilute with DCM then wash with a
solution of K2CO3 and NaHSO3 (approximately 10% and 5%
respectively). Dry the organics over MgSO4 then filter
and concentrate. Purify by silica gel (Hexanes - 9:1
Hexanes : Ethyl Acetate - 4:1 Hexanes : Ethyl Acetate)
to give a clear oil (1.1 g, 53 %). MS (ES), m/z 220.0
(M+l). B. Diethyl-(4-iodo-pyridin-2-ylmethyl)-amine
Combine 4-iodo-2-methyl-pyridine (1.1 g, 5 mmol), NBS
(0.98 g, 1.1 equiv.) and carbon tetrachloride (50 mL)
in a round bottomed flask under nitrogen. Add AIBN (82
mg, 0.1 equiv.) and heat reaction overnight at reflux.
Filter the reaction, washing with hexanes. Concentrate
filtrate to approximately 10-20 mL volume. Redissolve
in THF (20 mL) and cool to 0 0C under nitrogen. Add
diethylamine (1.04 mL, 2 equiv.) dropwise via syringe
and stir one hour at 0 0C. Remove cooling bath and let
warm to room temperature. After 6 hours total,
concentrate to dryness and purify by silica gel (1:1
Hexanes : Ethyl Acetate - Ethyl Acetate) to give a tan
liquid (0.51 g, 35% over 2 steps). MS (ES), m/z 291.0
(M+l).C.
{4-[7-(2-Diethylaminomethyl-pyridin-4-yl)-imidazo[l,2-
a]pyridin-3-yl]-benzyl}- carbamic acid tert-butyl
ester Combine {4-[7-(boronic
acid)-imidazo[l,2-a]pyridin-3-yl]-benzyl}-carbamic
acid tert-butyl ester (0.46 g, 1.3 mmol),
diethyl-(4-iodo-pyridin-2-ylmethyl)-amine (0.51 g, 1.4
equiv.), Na2CO3 (0.265 g in 1.25 mL H2O), and DME (20
rnL). De-gas with nitrogen then add tetrakis
(triphenylphosphine) palladium (72 mg, 5 mol %) and
heat overnight at 80 0C under nitrogen. Load directly
onto a Varian MegaElut(r) SCX cartridge (10 gram
cartridge prewashed with methanol), decanting from
Na2CO3 as much as possible. Rinse with methanol to
remove impurities then elute crude product with 2 M
NH3 in methanol. Concentrate this solution in vacuo
then purify by silica gel chromatography (Ethyl
Acetate - 5% Methanol :DCM - 10 % Methanol :DCM) to
give a yellow residue (0.246 g, 40 %). MS (ES), m/z
486.2 (M+l). D.
{4-[3-(4-Aminomethyl-phenyl)-imidazo[l,2-a]pyridin-7-y
l]-pyridin-2-ylmethyl}- diethyl-amine
tri-hydrochloride Dissolve
{4-[7-(2-diethylaminomethyl-pyridin-4-yl)-imidazo[l,2-
a]pyridin-3-yl]- 



benzylj-carbamic acid tert-butyl ester (0.24 g, 0.49
mmol) in dioxane (10 mL) under nitrogen. Add 4 M HCl
in dioxane (5 mL) to the reaction and stir for 2
hours. Concentrate to dryness and use crude as the
tri-HCl salt (0.321 g, crude). MS (ES), m/z 386.2
(M+l). Prepare the following according to procedures
similar to Preparation 158:Preparation 162
7-[6-(2-Morpholin-4-yl-propyl)-pyridin-2-yl]-imidazo[l
,2-a]pyridine A.
l-(6-Chloro~pyridin-2-yl)-propan-2-one Charge into a
well stirred N flushed RBF 2-chloro-6-methyl pyridine
(15 g, 177 mmol), THF (120 mL), and cool to -78 0C in
Dewar containing dry ice/ acetone. Add slowly over 15
minutes. 1.6 M n-BuLi in hexane (80 mL, 128 mmol) via
addition funnel. Mix reaction for 30 minutes at -78 0C
then add dimethyl acetamide (15.3 g, 16.3 mL, 175
mmol) over 10 minutes. Quench by adding MeOH slowly.
Concentrate by stripping off solvent under reduced
pressure. Mix residue with (1:1) hexane:EtOAc and
filter. Chromatograph filtrate in 2 portions on (12Og
ISCO(r)) SiO2 eluting with a gradient of 20% to 50%
EtOAc with the balance hexane . Strip off solvents
under reduced pressure to give gold oil 6.97 g (35.2%)
also 5.6 g of 2-chloro-6-methyl pyridine can be
recovered MS(ES), m/z 170 (M+l). B.
l-(6-Imidazo[l,2-a]pyridin-7-yl-pyridin-2-yl)-propan-2
-one Prepare from
l-(6-chloro-pyridin-2-yl)-propan-2-one and
7-(4,4,5,5-Tetramethyl-
[l,3,2]dioxaborolan-2-yl)-imidazo[l,2-a]pyridine using
conditions similar to Preparation 2 1 step A. MS(ES),
m/z 170 (M+l). C.
7-[6-(2-Morpholin-4-yl-propyl)-pyridin-2-yl]-imidazo[l
,2-a]ryridine In a well mixed round bottomed flask
under N charge l-(6-Imidazo[l,2-
a]pyridin-7-yl-pyridin-2-yl)-propan-2-one (1.8 g, 7.2
mmol), morpholine mono HCl salt (16 g, 129 mmol), 3 A
molecular sieves (powdered, vacuum oven dried 110 0C
for 24 hours., 3.6 g), methanol (200 mL), and 1M
NaCNBH 3 solution in THF (12.9 mL, 12.9 mmol). Stir
for 24 hours at room temp. Filter through Celite(r)
strip off solvents under reduced pressure. Take up
into DCM and adjust pH to 10 with 5N NaOH and extract
with DCM (5 X). Concentrate DCM under reduced pressure
and chromatograph on (12Og ISCO(r)) SiO2 eluting with
a slow gradient of 0% to 10% 2 M NH3 in MeOH with the
balance DCM. Strip off solvents under reduced pressure
to give clear oil 1.67 g (72%) MS(ES), m/z 323
(M+l).Preparation 163
7-[6-(2-Morpholm-4-yl-propyl)-pyridin-3-yl]-imidazo[l,
2-a]pyridine Prepare in a similar way as
7-[6-(2-morpholin-4-yl-propyl)-pyridin-2-yl]-
imidazo[l,2-a]pyridine. In the first step LDA is used
with starting material 5-bromo-2- methylpyridine. MS
(ES) tn/z 323 (M+l). Preparation 164
4-Bromo-2-fluoro-phenylacetic acid, tert-hwtyl ester
Combine 4-bromo-2-fluoro-phenyl acetic acid (15 g,
0.064 mol), dichloromethane (30 mL) and concentrated
sulfuric acid (1.1 mL) in a 2 L stainless steel
Parr(r) vessel. Cool the vessel and contents in a dry
ice-acetone bath. Freshly distill isobutene (60 mL)
with dry ice-acetone condenser and add the isobutene
to the cooled Parr(r) vessel. Seal and pressurize the
vessel with nitrogen (20 psig), agitate while allowing
the reaction to warm to room temperature and continue
agitation at room temperature for 18 hours. Cool the
vessel to 10-15 C with dry ice, vent, and carefully
add 150 mL of ice-cold saturated sodium carbonate
solution and mix. Decant vessel contents, rinse vessel
with dichloromethane (100 mL), agitate mixture and
separate the phases. Extract aqueous phase twice with
100 mL portions of dichloromethane, combine organic
layers and wash with aqueous saturated sodium
chloride, dry over MgSO4 and concentrate to produce
18.61 g (90%) of the title compound as a light orange
oil. MS (ES) m/z 288/290, (M+l). Preparation 165
4-tert-Butyl-6-morpholin-4-ylmethyl-pyridin-2-ylamine
A. (4-ter^Butyl-pyridin-2-yl)-morpholin-4-yl-methanone
Suspend 4-tert-butyl-pyridine-2-carboxylic acid
hydrochloride ( 11.14 g, 51.8 mmol) in 50 mL
dichloromethane, add 4-methylmorpholine (10.48 g, 11.4
mL, 104 mmol), stir, add 100 mL THF and stir the
suspension a few minutes. Add N5N'-
carbonyldiimidazole (8.4 g, 51.8 mmol) to the stirring
suspension, note moderate gas evolution and stir the
light suspension at room temperature for 30 to 90
minutes. Add morpholine (13.54 g, 13.61 mL, 155 mmol)
via pipet, stir overnight at room temperature. Dilute
the suspension with 400 mL dichloromethane, wash with
400 mL saturatedaqueous sodium bicarbonate solution
and back-extract the aqueous phase with 100 mL
dichloromethane. Combine organic layers and wash with
300 mL portions of saturated sodium bicarbonate (once)
and dilute aqueous saturated sodium chloride (three
times). Dry the organic layers over MgSO4 concentrate
to an oil and purify on a 400 g silica cartridge with
a gradient of 0-> 10% acetone in EtOAc over 20
minutes. Pool, concentrate, and dry fractions to
provide 10.24 grams of a viscous colorless oil. LCMS
(ES) m/z 249 (M+l). 



B. (4-tert-Butyl-
1-oxy-pyridin-2-yl)-morpholin-4-yl-methanone Dissolve
(4-tert-butyl-pyridin-2-yl)-morpholin-4-yl-methanone
(10.24 g, 41.2 mmol) in dichloromethane (21 mL), add
methyltrioxorhenium (VII) (MTO, 620 mg, 2.48 mmol,
0.06 eq) and stir to give a pale olive green solution.
Jacket flask with room temperature water bath, add 8.5
mL aqueous hydrogen peroxide via pipet to produce a
canary yellow emulsion that evolves gas. Stir the
emulsion overnight at room temperature, then add a
suspension of MnO2 (25 mg) in 5 mL water to quench
excess peroxide. Stir 45-60 minutes until gas
evolution subsides, filter the mixture through filter
paper, then remove volatiles by evaporation under
vacuum to provide a viscous yellow oil. Purify oil on
a 400 g silica cartridge with a gradient of 0-^20%
MeOH in acetone over 20 minutes. Pool, concentrate and
dry appropriate fractions to provide 9.49 g (87%) of
the title compound as a tacky foam. LCMS (ES) m/z 265
(M+l). C.
(6-Amino-4-tert-butyl-pyridin-2-yl)-morpholin-4-yl-met
hanone Dissolve
(4-tert-butyl-l-oxy-pyridin-2-yl)-morpholin-4-yl-metha
none (9.8 g, 37 mmol) in anhydrous pyridine (29.33 g,
30 mL, 370 mmol) and add p-toluenesulfonyl chloride
(10.58 g, 55.5 mmol, 1.5 eq), fit flask with reflux
condenser and warm the clear brown-red solution to 45
C overnight under nitrogen atmosphere. Remove
volatiles in vacuo at 50C bath temperature to yield a
viscous brown-red oil. Dissolve the oil in
ethanolamine (55 mL) with thorough agitation to
provide a deep brown-red solution. Cool the flask with
water to keep the reaction at about room temperature
and stir for SO- 60 minutes. Dilute the mixture with
400 mL cool water and 50 mL 1 N NaOH, stir and a few
chunks of ice. Stir the slurry and filter off the
tan-yellow solid with a fritted funnel.Dissolve the
filter cake in dichloromethane (150 mL), dry over
MgSO4, filter and concentrate to provide an
orange-white solid. Purify this solid on a 400 g
silica cartridge employing a gradient of 0- 5% MeOH in
dichloromethane over 30 minutes. Concentrate fractions
and dry under high vacuum to give 6.02 g of an off
white solid. Extract additional material from the
filtrate (above) by extracting it three times with 200
mL portions of dichloromethane. Combine organic
layers, dry over MgSO4, concentrate to a brown-orange
oil. Dissolve the oil in 15 mL dichloromethane and
apply to a 400 g silica cartridge and elute the
product with neat acetone. Concentrate and dry clean
fractions to provide 2.0 g of product. Net recovery
8.02 g (82%) of the title compound. LCMS (ES) m/z 264
(M+l). D. 4- r
-Butyl-6-morpholin-4-ylmethyl-pyridin-2-ylamine
Suspend
(6-amino-4-tert-butyl-pyridin-2-yl)-morpholin-4-yl-met
hanone (6.02 g, 22.86 mmol) in 40 mL anhydrous THF.
Add 2 M solution of BH3-Me2S complex in THF (34.3 mL,
68.6 mmol, 3 eq) dropwise at room temperature. On
BH3-Me2S/THF solution addition, the suspension turns
clear and bright yellow after complete addition. Stir
overnight at room temperature under nitrogen
atmosphere. Carefully quench reaction with slow
addition of MeOH (24 mL), stir 3 hours at 60 C and
concentrate in vacuo. Purify the residue on 300 g
silica cartridge with a gradient of 0 2%MeOH in
dichloromethane over 2 minutes, followed by 2- 10%
MeOH in dichloromethane over 40 minutes. Concentrate
and dry clean fractions to give 2.0 g (35%) of the
title compound as a white solid. LCMS (ES) m/z 250
(M+l). Preparation 166 N-(4-Cyano-3-trifluoromethyl-
rhenyl)-2-[4-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan-
2- yl)-phenylj-acetamide A.
2-(4-Bromo-phenyl)-N-(4-cyano-3-trifluoromethyl-phenyl
)-acetamide Dissolve 4-bromo-phenyl acetic acid (5 g,
23.3 mmol) in 125 mL dichloromethane. Add 1mL DMF,
stir to give a clear solution, then add oxalyl
chloride (3.25 g, 2.23 mL, 25.5 mmol) portionwise via
syringe and stir at room temperature for15-30 minutes
until gas evolution ceases. Remove volatiles on
rotovap to yield a clear yellow oil. Dissolve the oil
in 100 mL amylene-stabilized chloroform, chill on ice
and fit flask with a dropping funnel. Fill the
dropping funnel with a solution of 4-amino-2-
trifluoromethyl-benzonitrile (4.65 g, 25 mmol) and
pyridine (6.05 g, 6.19 mL, 76.5 mmol) in 20OmL
amylene-stabilized chloroform. Add the benzonitrile
solution to the cold acid chloride solution with
stirring over 30 minutes, remove the ice bath and stir
overnight at room temperature. Dilute the reaction
mixture with 200 mL dichloromethane, wash twice with
250 mL portions of 1N NaHSO4, once with aqueous
saturated sodium chloride, then dry over MgSO4 and
concentrate to a brown solid. Purify on Biotage 75L(r)
silica cartridge in 4.5:4.5:1 CH2Cl2:hexanes:diethyl
ether to yield 4.33g (48%) of the title compound as a
pale yellow-ivory solid. LCMS (ES) m/z 381,383 (MI)-
B.
N-(4-Cyano-3-trifluoromethyl-phenyl)-2-[4-(4,4,5,5-tet
ramethyl-[l,3,2]dioxaborolan- 2-yl)-phenyl]-acetamide
Dissolve
2-(4-bromo-phenyl)-N-(4-cyano-3-trifluoromethyl-phenyl
)-acetamide (4.23 g, 11 mmol) in 125 mL dioxane, add
bis(pinacolato)diboron (3.5 g, 13.8 mmol),
tricyclohexylphosphine (386 mg, 1.38 mmol), and
anhydrous potassium acetate (1.62 g, 16.5 mmol).
Bubble nitrogen through the mixture for at least 15
minutes to deoxygenate, then add palladium (II)
acetate (123 mg, 0.55 mmol), fit flask with a reflux
condenser and 



heat at 80 C under nitrogen atmosphere for 4 hours.
Cool reaction mixture and pass through a 50 g silica
cartridge with 400 mL EtOAc. Concentrate the clear
brown eluate to a tan-gray solid and recrystallize
from dichloromethane-hexanes to give 3.7g (78%) of the
title compound as tan-gray crystals. LCMS (ES) m/z 429
(M-I). Preparation 167
2-(4-Bromo-phenyl)-N-(6-methyl-4-trifluoromethyl-pyrid
in-2-yl)-acetamide Dissolve 4-bromo-phenylacetic acid
(660 mg, 3.07 mmol) and 6-methyl-4-
trifluoromethyl-pyridin-2-ylamine (500 mg, 2.84 mmol)
in 10 mL dry THF. Add 4- methyl morpholine (345 mg,
0.375 mL, 3.4 mmol), stir a few minutes under nitrogen
atmosphere, then add DMTMM (865 mg, 3.12 mmol) and
stir the pale yellow slurryovep aight. Dilute slurry
with 90 mL EtOAc, wash twice each with saturated
aqueous NaHCO3 and aqueous saturated sodium chloride,
then dry the organic layer over MgSO4 and concentrate
to give an ivory crystalline solid. Purify this solid
on a 120 g silica cartridge with 0->5% EtOAc in
dichloromethane to give 660 mg (62%) of the title
compound as a white crystalline solid. LCMS (ES) m/z
373/375 (M+1). Preparation 168
4-tert-Butyl-6-methyl-pyridin-2-ylamine A.
2-Methyl-4-tert-butyl-pyridine Cool a solution of
methyl lithium in ether (200 mL, 1.6 M, 320.00 mmol)
in an ice bath and add 4-tert-butyl-pyridine (20.28 g,
150.00 mmol) drop wise. Once the substrate is added,
warm the reaction to ambient temperature for 3 hours.
Concentrate the reaction to near dryness to remove the
ether and then add anhydrous toluene (200 mL) and heat
to reflux for 20-21 hours. Cool in an ice bath while
slowly and cautiously adding ice to quench the
reaction. Add water (200 mL) and then extract the
aqueous with ethyl acetate (3 X 250 mL) and separate
the layers. Pool, desiccate, filter and concentrate
the organic extracts to an oil. Chromatograph the oil
on silica using a gradient of 0->50 % ethyl acetate
hexanes over 25 minutes to yield the title compound
(16.60 g, 111.23 mmol). MS(ESI), m/z 150 (M+l). B.
4-tert-Butyl-2-methyl -pyridine 1-oxide. Dissolve
2-methyl-4-tert-butyl-pyridine (16.60 g, 111.23 mmol)
in dichloromethane (80 mL) and add methyltrioxorhenium
(VII) (0.139 g, 0.56 mmol) with vigorous stirring. At
ambient temperature, add 30% hydrogen peroxide (40 mL)
and stir vigorously for 18 hours. Quench the reaction
by adding drop wise aqueous manganese dioxide (100 mg
in 20 mL). After the off-gassing ceases, the aqueous
turns a cloudy gray, the layers are separated and the
aqueous is re-extracted with dichloromethane (3 X 100
mL). The organics are pooled, desiccated, filtered and
concentrated to yield the title compound analytically
pure (16.60 g, 100.61 mmol). MS(ESI), m/z 166 (M+l).
C. 2-Chloro-6-methyl-4-tert-butyl-pyridme.Add
phosphorus oxychloride (15 mL) to
4-tert-butyl-2-methyl-pyridine 1-oxide (2.00 g, 12.10
mmol) and heat to 100 C for 36 hours. Evaporate off
the excess phosphorus oxychloride. Treat the oil
cautiously with ice and water with stirring and make
basic by treatment with aqueous bicarbonate solution.
Extract with dichloromethane (3 X 75 mL) and pool,
desiccate, filter, and concentrated. Chromatograph the
crude product on silica using a gradient of (0 5- 8 %)
ethyl acetate in dichloromethane to afford the title
compound (0.82 g, 4.46 mmol). MS(ESI), m/z 184 (M+l).
D. 4-tert-Butyl-6-methyl-pyridin-2-ylamine. Combine
2-chloro-6-methyl-4-tert-butyl-pyridine (0.18 g, 1.00
mmol), benzophenone imine (0.22 g, 1.2 mmol), sodium
tert-butoxide (0.14 g, 1.4 mmol), BINAP (0.09, 0.02
mmol) in a round bottom flask and suspended in
toluene. Bubble nitrogen through the suspension for 5
minutes, then add Pd2(dba)3 (0.03 g, 0.03 mmol) and
heat to 90 C for 18 hours. Load the crude reaction
onto silica and elute with a (0->3%) methanol in
dichloromethane to afford the imine intermediate,
which is then taken up in tetrahydrofuran (6 mL) and
5N HCl (6 mL) and stirred at 60 C for 2.5 hours.
Concentrate the reaction to dryness, then re-dissolve
in methanol and SCX to afford the title compound (0.07
g, 0.43 mmol). MS(ESI), m/z 165 (M+l). Preparation 169
4-tert-Butyl-6-dimethylaminomethyl-pyridin-2-ylamine
A. 2-Bromomethyl-4-tert-butyl-6-chloro-pyridine
Dissolve 2-chloro-6-methyl-4-tert-butyl-pyridine (3.00
g, 16.33 mmol), Nbromosuccinimide (3.20 g, 17.97 mmol)
and AIBN (0.03 g, 0.16 mmol) in carbon tetrachloride
(60 mL) and heat to reflux. After heating for 6 hours,
stir the contents overnight at ambient temperature.
The contents are then concentrated to dryness and dry
loaded onto a silica plug and eluted with
dichloromethane to obtain the title compound (1.90 g,
7.23 mmol). MS(ES), m/z 263 (M+l).B.
(4-tert-Butyl-6-chloro-pyridin-2-ylmethyl)-dimethylami
ne. Stir a solution of 2N dimethylamine (9.00 mL,
18.08 mmol) in tetrahydrofuran,
N,N-diisopropylethylamine (2.80 g, 3.80 mL, 21.69
mmol) while adding a solution of 2-
bromomethyl-4-tert-butyl-6-chloro-pyridine (1.90 g,
7.23 mmol) in tetrahydrofuran (20 



mL). Stir for 2.5 hours at ambient temperature, dilute
the reaction with aqueous sodium bicarbonate (80 mL)
and extract the aqueous layer with ethyl acetate (3 X
75 mL). Pool, desiccate, filter and concentrate the
organics to yield the title compound (99%) (1.64 g,
7.23 mmol). MS(ES), m/z 227 (M+l). C)
Benzyl-(4-tert-butyl-6-dimethylaminomethyl-pyridin-2-y
l)-amine In method similar to that for Preparation 168
D, treat 4-tert-butyl-6-chloropyridin-
2-ylmethyl)-dimethylamine (1.64 g, 7.23 mmol) with
benzylamine rather than benzophenone imine to provide
after chromatography (0.88 g, 2.96 mmol). D)
4-tert-Butyl-6-dimethylaminomethyl-pyridin-2-ylamine
Add concentrated sulfuric acid (20 mL) to
benzyl-(4-tert-butyl-6-
dimethylaminomethyl-pyridin-2-yl)-amine (0.88 g, 2.96
mmol) at ambient temperature and stir for 1.5 hours.
Adjust the pH of the aqueous solution carefully with
saturated sodium bicarbonate solution. Extract the
aqueous phase with ethyl acetate (3 X 75 mL) and pool,
desiccate, filter and concentrate to a residue.
Dissolve the residue in methanol and subject the
material to SCX chromatography. Concentrate the
methanolic ammonia eluent and plug chromatograph the
amine to provide the title compound (0.56 g, 2.7
mmol). MS(ES), m/z 208 (M+l). Prepare the following
intermediates using a procedure similar to Preparation
169:Prepare the following according to procedures
similar to Preparation 128: Preparation 174
N-(4-tert-Butyl-6-methyl-pyridin-2-yl)-2-[2-fluoro-4-(
7-pyridin-4-yl-imidazo[l,2-
a]pyridin-3-yl)-phenyl]-acetamide A.
[2-Fluoro-4-(7-pyridin-4-yl-imidazo[l,2-a]pyridin-3-yl
)-phenyl]-acetic acid tert-butyl ester Couple
4-bromo-2-fluoro-phenylacetic acid, tert-butyl ester
(3.65 g, 18.68 mmol) with
7-pyridin-4-yl-imidazo[l,2-a]pyridine (5.40 g, 18.68
mmol) as described in Preparation 153. MS(ES), m/z 404
(M+l). B.
[2-Fluoro-4-(7-pyridin-4-yl-imidazo[l,2-a]pyridin-3-yl
)-phenyl]-acetic acid dihydrochloride. Suspend
[2-fluoro-4-(7-pyridin-4-yl-imidazo[l,2-a]pyridin-3-yl
)-phenyl]-acetic acid tert-butyl ester (1.36 g, 3.369
mmol) in water (8 mL) and 4N hydrochloric acid in
dioxane (40 mL) and stir at ambient temperature for 3
hours. Concentration under vacuum quantitatively
provides the title compound (1.42 g, 3.69 mmol).
MS(ES), m/z 348 (M+l). C.
N-(4-tert-Butyl-6-methyl-pyridin-2-yl)-2-[2-fluoro-4-(
7-pyridin-4-yl-imidazo[l,2-
a]pyridin-3-yl)-phenyl]-acetamide Combine
[2-fluoro-4-(7-pyridin-4-yl-imidazo[l,2-a]pyridin-3-yl
)-phenyl] -acetic acid dihydrochloride (0.66 g, 1.57
mmol), 4-tert-butyl-6-methyl-pyridin-2-yl-amine (0.26
g, 1.57 mmol), HATU (0.72 g, 1.57 mmol),
diisopropylethylamine (8.12 g, 11.2 mL, 6.28 mmol) in
DMF (10 mL) and stir at ambient temperature for 3
hours. Pour the reaction contents onto a pre-washed
(with methanol) Varian SCX column (25 g) and wash the
column with portions (30 mL) of dichloromethane (2X)
and methanol (3X). Elute theproduct with 2N methanolic
ammonia (75 mL) and concentrate the solution to
dryness. Chromatograph the crude product on silica
using (0-5%) methanol in dichloromethane.
Recrystallization from dichloromethane/ether/hexanes
provides N-(4-tert-Butyl-6-
methyl-pyridin-2-yl)-2-[2-fluoro-4-(7-pyridin-4-yl-imi
dazo[l,2-a]pyridin-3-yl)-phenyl]- acetamide (0.17 g).
MS(ES), m/z 494(M+1). Preparation 175
{4-[3-(4-Ammomethyl-phenyl)-imidazo[l,2-a]pyridin-7-yl
]- rhenyl}-(4-methylpiperazin- l-yl)-methanone, bis
hydrochloride Combine (4- {7-[4-(4-methyl-piperazine-
1-carbon yl)-phenyl]-imidazo [1,2-
a]pyridin-3-yl}-benzyl)-carbamic acid tert-butyl ester
(0.87 g, 1.65 mmol), 4N HCl in 1,4-dioxane (15 mL, 60
mmol) in 1,4-dioxane (35 mL) and stir overnight (16
hours). Concentrate slurry to a residue. Dissolve
residue in methanol (50 mL) and concentrate to afford
the title compound (0.9Og, 100%). MS(ES), m/z 426 (M+l
for free base). Preparation 176
2-(4-Bromo-2-fluoro-phenyl)- -(5-tert-butyl
-[l,3,4]thiadiazol-2-yl)-acetamide Dissolve
4-bromo-2-fluoro-phenyl)-acetic acid (1.10 g, 4.72
mmol) and N-(5-tert-butyl-[l,3,4]thiaziazol-2-yl)amine
(0.89 g, 5.67 mmol) in anhydrous tetrahydrofuran (10
mL). Add N-methyl morpholine (0.62 mL, 5.67 mmol) and
DMTMM (1.57 g, 5.67 mmol). Stir the reaction mixture
for 2 hours at room temperature. Concentrate to solid.
Add water (40 mL) and stir vigorously for 10 minutes.
Filter off the white solid and recrystallize from
ethyl acetate and hexane to provide 1.13 g of the
product as a white solid. Concentrate the filtrate and
purify via flash silica gel chromatography (0-20%
Ethyl acetate/hexane) to yield a further 0.51 g,
giving a combined yield of 1.64 g (4.39 mmol, 93%). MS
(ES), m/z 312131 (M+l). Example 1
l-(5-tert-Butyl-2-p-tolyl-2H-pyrazol-3-yl)-3-[4-(7-thi
ophen-3-yl-imidazo[l,2- 



a]pyridin-3-yl)-benzyl]-ureaDissolve
4-(7-thien-3-yl-imidazo[l,2-a]pyridin-3-yl)-benzylamin
e (0.058 g, 0.19 mmol),
(5-tert-butyl-2-p-tolyl-2H-pyrazol-3-yl)-carbamic acid
2,2,2-trichloro-ethyl ester (0.093 g, 0.23 mmol) and
diisopropylethylamine (0.071 g, 0.55 mmol) in DMSO
(3.6 mL). Heat the mixture at 62 0C for 8 hours. After
evaporation of solvent, dilute the reaction with water
and ethyl acetate. Extract the water phase with ethyl
acetate and wash the combined organic layers with
saturated aqueous saturated sodium chloride and
evaporate to dryness. Purify the residue by silica gel
column chromatography (dichlromethane/ethyl acetate
gradient) to give 0.023 g (21 % yield) of desired
compound: MS(ES), m/z 561 (M+l). Prepare the following
according to procedures similar to Example
1:MPI05-005P1RNWOM PGD2 RECEPTOR ANTAGONISTS FOR THE
TREATMENT OF INFLAMMATORY DISEASES PRIORITY
INFORMATION [0001] The present application claims
priority under 35 U.S.C.  119(e) to U.S. Provisional
application number 60/655,927, filed February 24,
2005, entitled "PGD2 Receptor Antagonists for the
Treatment of Inflammatory Diseases", the entire
contents of which is hereby incorporated by reference.
BACKGROUND OF THE INVENTION [0002] CRTH2 is a G
protein-coupled chemoattractant receptor expressed on
Th2 cells (Nagata et al, J. Immunol, 1999, 162,
1278-1286), eosinophils, and basophils (Hirai et al,
J. Exp. Med., 2001, 193, 255-261). Prostaglandin D2
(PGD2) is a natural ligand for CRTH2, and is the major
inflammatory mediator produced from mast cells. It has
been shown that activation of CRTH2 by PGD2 induces
migration and activation of Th2 cells (Hirai et al, J.
Exp. Med. 2001, 193, 255-261; Gervais et al., J.
Allergy Clin. Immunol. 2001, 108, 982-988) which in
turn are involved in the orchestration of an allergic
inflammatory response by directly or indirectly
inducing migration, activation, priming and prolonged
survival of effector cells, such as eosinophils and
basophils (Sanz et al, J. Immunol. 1998, 160,
5637-5645; Pope et al, J. Allergy Clin. Immunol 2001,
108, 594-601; Teran L. M., Clin. Exp. Allergy 1999,
29, 287-290). The role of PGD2 in the initiation and
maintenance of allergic inflammation has also been
demonstrated in mouse models of asthma by showing that
overproduction of PGD2 in vivo by PGD2 synthase
exacerbates airway inflammation (Fujitani et al, J.
Immunol. 2002, 168, 443-449). [0003] Accordingly,
compounds which are modulators, preferably inhibitors,
of the interaction between CRTH2 and PGD2 should be
useful for the treatment of diseases and disorders
that are mediated by CRTH2, PGD2, Th2 cells,
eosinophils, and/or basophils. These diseases include
but are not limited to allergic disorders, asthmatic
disorders, and inflammatory disorders such as allergic
rhinitis, allergic asthma, bronchoconstriction, atopic
dermatitis and systemic inflammatory disorders. [0004]
It has now been found that compounds of this
invention, and pharmaceutically acceptable
compositions thereof, are effective as inhibitors of
the interaction between CRTH2 and its natural ligand
PGD2. Thus, compounds of the invention and
pharmaceutical compositions thereof are useful for
treating inflammatory disorders and/or disorders with
an inflammatory component. DETAILED DESCRIPTION OF THE
INVENTION [0005] This invention provides compounds
that are inhibitors of CRTH2, and accordingly are
useful for the treatment inflammatory disorders and/or
disorders with an inflammatory component. The
compounds of this invention are represented by formula
I :(D; or a pharmaceutically acceptable salt thereof,
wherein: Ring A is an optionally substituted, fused
5-6 membered aryl or heteroaryl ring; Yis >C(Rx)-
or>N-; X, is -C(=0)-, -SO2-, -CONR-, -C(R)2-, Or-CO
2-, R1 is an optionally substituted group selected
from an aliphatic, a monocyclic or bicyclic aryl, a
monocyclic or bicyclic heteroaryl, a monocyclic or
bicyclic non-aromatic heterocyclic, or a monocyclic or
bicyclic non-aromatic carbocylic group. R2 is a CpC 3
alkyl group, a Ci-C3 haloalkyl group or C3-C6
cycloalkyl group wherein the CpC 3 alkyl group
represented by R2 is optionally substituted with R5;
R3 is hydrogen, C C6 alkyl optionally substituted by
R6, Q-C 6 fluoroalkyl, or an optionally substituted
group selected from a C3-C8 cycloalkyl, a monocyclic
non-aromatic heterocyclic, a monocyclic aryl, or a
monocyclic heteroaryl group; R4 is -[C(R 7)2]m-B; or
R3 and R4 may be taken together with the intervening
nitrogen atom to form an optionally substituted
monocyclic or bicyclic heteroaryl or non-aromatic
heterocyclic group; or Rx and R4 may be taken together
with the intervening carbon and nitrogen atoms to form
an optionally substituted monocyclic non-aromatic
nitrogen-containing heterocyclic group; R5 is -OH,
-0(Ci_4 aliphatic), -COOR' or -N(R') 2; R6 is -OH,
-0(Ci 4 aliphatic), -N(R') 2, -C(O)R', -COOR',
C(0)N(R') 2, or an optionally substituted group
selected from a monocyclic cycloalkyl, a monocyclic
aryl, a monocyclic heteroaryl, or a monocyclic
non-aromatic heterocyclic group; each R7 is
independently hydrogen, fluoro, or Cr C3 alkyl; each
R, Rx or R' is independently hydrogen or a Ci-C4
aliphatic group or N(R' )2 is a 



monocyclic non-aromatic nitrogen-containing
heterocyclic group; m is zero or one; andB is -H,
-C(R7)3, -C(R7)2-C(R7)3, or an optionally substituted
group selected from a monocyclic or bicyclic
cycloalkyl, a monocyclic or bicyclic aryl, a
monocyclic or bicyclic heteroaryl, or a monocyclic or
bicyclic non-aromatic heterocyclic group. [0006] In
some embodiments, compounds of the invention include
compounds of formula (I) other than compounds where X1
is -COO- and R1 is ethyl and ring A is substituted
with: a) two occurrences of OMe, b) two occurrences of
Me, or c) one occurrence of CF3. In some other
embodiments, compounds of the invention include those
compounds where Xi is other than -COO- [0007] 2.
Compounds and Definitions: [0008] Compounds of this
invention include those described generally above, and
are further illustrated by the classes, subclasses,
and species disclosed herein. As used herein, the
following definitions shall apply unless otherwise
indicated. For purposes of this invention, the
chemical elements are identified in accordance with
the Periodic Table of the Elements, CAS version,
Handbook of Chemistry and Physics, 75* Ed.
Additionally, general principles of organic chemistry
are described in "Organic Chemistry", Thomas Sorrell,
University Science Books, Sausalito: 1999, and
"March's Advanced Organic Chemistry", 5th Ed., Ed.:
Smith, M. B. and March, J., John Wiley & Sons, New
York: 2001. [0001] The term "aliphatic" or "aliphatic
group", as used herein, means a straight-chain (i.e.,
unbranched) or branched, substituted or unsubstituted
hydrocarbon chain that is completely saturated or that
contains one or more units of unsaturation, or a
monocyclic hydrocarbon or bicyclic hydrocarbon that is
completely saturated or that contains one or more
units of unsaturation, but which is not aromatic (also
referred to herein as "carbocycle" "cycloaliphatic",
"cycloalkyl", or "cycloalkenyl"). For example,
suitable aliphatic groups include substituted or
unsubstituted linear, branched or cyclic alkyl,
alkenyl, alkynyl groups and hybrids thereof, such as
(cycloalkyl)alkyl, (cycloalkenyl)alkyl, or
(cycloalkyl)alkenyl. Unless otherwise specified, in
various embodiments, aliphatic groups have 1-20, 1-15,
1-12, 1-10, 1-8, 1-6, 1-4, or 1-3 carbon atoms. [0002]
The terms "cycloaliphatic", "carbocycle",
"carbocyclyl", "carbocyclo", or "carbocyclic", used
alone or as part of a larger moiety, refer to a
saturated or partially unsaturated cyclic aliphatic
ring system having from 3 to about 14 members, wherein
the aliphatic ring system is optionally substituted.
In some embodiments, the cycloaliphatic group includes
saturated ring systems ("cycloalkyl") having from
about 3 to about 8 members. Cycloaliphatic groups
include, without limitation, cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
cycloheptyl, cycloheptenyl, cyclooctyl, cyclooctenyl,
and cyclooctadienyl. In some embodiments, the
cycloalkyl has 3-6 carbons. The terms
"cycloaliphatic", "carbocycle", "carbocyclyl",
"carbocyclo", or "carbocyclic" also include aliphatic
rings that are fused to one or more aromatic or
nonaromatic rings,such as decahydronaphthyl or
tetrahydronaphthyl, where the radical or point of
attachment is on the aliphatic ring. [0003] The term
"alkoxy", or "thioalkyl", as used herein, refers to an
alkyl group, as previously defined, attached to the
principal carbon chain through an oxygen ("alkoxy") or
sulfur ("thioalkyl") atom. [0004] The terms
"haloaliphatic", "haloalkyl", "haloalkenyl" and
"haloalkoxy" refer to an aliphatic, alkyl, alkenyl or
alkoxy group, as the case may be, substituted with one
or more halogen atoms. As used herein, the term
"halogen" or "halo" means F, Cl, Br, or I. Unless
otherwise indicated, the terms "alkyl", "alkenyl", and
"alkoxy" include haloalkyl, haloalkenyl and haloalkoxy
groups, including, in particular, those with 1-5
fluorine atoms. By way of example, the terms "Ci-3
aliphatic" and "Ci-3 alkyl" include within their scope
trifluoromethyl and pentafluoroethyl groups. [0005]
The term "heteroatom" means one or more of oxygen,
sulfur, nitrogen, phosphorus, or silicon (including,
any oxidized form of nitrogen, sulfur, phosphorus, or
silicon; the quaternized form of any basic nitrogen
or; a substitutable nitrogen of a heterocyclic ring,
for example N (as in 3,4- dihydro-2#-pyrrolyl), NH (as
in pyrrolidinyl) or NR+ (as in N-substituted
pyrrolidinyl)). [0006] The terms "aryl" and "ar-",
used alone or as part of a larger moiety, e.g.,
"aralkyl", "aralkoxy", or "aryloxyalkyl", refer to a C
to C aromatic moiety comprising one to three aromatic
rings, which are optionally substituted. Preferably,
the aryl group is a C -io aryl group. Aryl groups
include, without limitation, phenyl, naphthyl, and
anthracenyl. The term "aryl", as used herein, also
includes groups in which an aromatic ring is fused to
one or more heteroaryl, cycloaliphatic, or
heterocyclyl rings, where the radical or point of
attachment is on the aromatic ring. Nonlimiting
examples of such fused ring systems include indolyl,
isoindolyl, benzothienyl, benzofuranyl,
dibenzofuranyl, indazolyl, benzimidazolyl,
benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, carbazolyl,
acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl,
fluorenyl, indanyl, phenanthridinyl,
tetrahydronaphthyl, indolinyl, phenoxazinyl,
benzodioxanyl, and benzodioxolyl. An aryl group may be
mono-, bi-, tri-, or polycyclic, preferably mono-,
bi-, or tricyclic, more preferably mono- or bicyclic.
The term "aryl" may be used interchangeably with the
terms "aryl group", "aryl ring", and "aromatic ring".
[0007] An "aralkyl" or "arylalkyl" group comprises an
aryl group covalently attached to an alkyl group,
either of which independently is optionally
substituted. Preferably, the aralkyl group is C6-10
aryl(Ci_6)alkyl, including, without limitation,
benzyl, phenethyl, and naphthylmethyl. 



[0008] The terms "heteroaryl" and "heteroar-", used
alone or as part of a larger moiety, e.g.,
heteroaralkyl, or "heteroaralkoxy", refer to groups
having 5 to 14 ring atoms, preferably 5, 6, 9, or 10
ring atoms; having 6, 10, or 14 p electrons shared in
a cyclic array; and having, in addition to carbon
atoms, from one to four heteroatoms. The term
"heteroatom" refers to nitrogen, oxygen, or sulfur,
andincludes any oxidized form of nitrogen or sulfur,
and any quaternized form of a basic nitrogen.
Heteroaryl groups include, without limitation,
thienyl, furanyl, pyrrolyl, imidazolyl, pyrazolyl,
triazolyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, isothiazolyl, thiadiazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl,
indolizinyl, purinyl, naphthyridinyl, and pteridinyl.
The terms "heteroaryl" and "heteroar-", as used
herein, also include groups in which a heteroaromatic
ring is fused to one or more aryl, cycloaliphatic, or
heterocyclyl rings, where the radical or point of
attachment is on the heteroaromatic ring. Nonlimiting
examples include indolyl, isoindolyl, benzothienyl,
benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl,
4 -quinolizinyl, carbazolyl, acridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and
pyrido[2,3-b]-l,,4-oxazin-3(4H)-one. A heteroaryl
group may be mono-, bi-, tri-, or polycyclic,
preferably mono-, bi-, or tricyclic, more preferably
mono- or bicyclic. The term "heteroaryl" may b e used
interchangeably with the terms "heteroaryl ring",
"heteroaryl group", or "heteroaromatic", any of which
terms include rings that are optionally substituted.
The term "heteroaralkyl" refers to an alkyl group
substituted b y a heteroaryl, wherein the alkyl and
heteroaryl portions independently are optionally
substituted. [0009] As used herein, unless otherwise
indicated, the terms "heterocycle", "heterocyclyl",
"heterocyclic radical", and "heterocyclic ring" are
used interchangeably and refer to a stable 3- to
7-membered monocyclic or 7- to 10-membered bicyclic
heterocyclic moiety that is either saturated or
partially unsaturated, and having, in addition to
carbon atoms, one or more, preferably one to four,
heteroatoms, as defined above. When used in reference
to a ring atom of a heterocycle, the term "nitrogen"
includes a substituted nitrogen. As an example, in a
saturated or partially unsaturated ring having 0-3
heteroatoms selected from oxygen, sulfur or nitrogen,
the nitrogen may b e N (as in 3,4-
dihydro^H-pyrrolyl), NH (as in pyrrolidinyl) or 1TsTR
(as in N-substituted pyrrolidinyl). [0010] A
heterocyclic ring can be attached to its pendant group
at any heteroatom or carbon atom that results in a
stable structure and any of the ring atoms can b e
optionally substituted. Examples of such saturated or
partially unsaturated heterocyclic radicals include,
without limitation, tetrahydrofuranyl,
tetrahydrothienyl, pyrrolidinyl, pyrrolidonyl,
piperidinyl, pyrrolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, decahydroquinolinyl,
oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl,
diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and
quinuclidinyl. The terms "heterocycle",
"heterocyclyl", "heterocyclyl ring", "heterocyclic
group", "heterocyclic moiety", and "heterocyclic
radical", are used interchangeably herein, and also
include groups in which a heterocyclyl ring is fused
to one or more aryl, heteroaryl, or cycloaliphatic
rings, such as indolinyl, 3i -indolyl, chromanyl,
phenanthridinyl, or tetrahydroquinolinyl, where the
radical or point of attachment is on the heterocyclyl
ring. A heterocyclyl group may be mono-, bi-, tri-, or
polycyclic, preferably mono-, bi-, or tricyclic, more
preferably mono- or bicyclic. The term
"heterocyclylalkyl"refers to an alkyl group
substituted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally
substituted. [0011] As used herein, the term
"partially unsaturated" refers to a ring moiety that
includes at least one double or triple bond between
ring atoms. The term "partially unsaturated" is
intended to encompass rings having multiple sites of
unsaturation, but is not intended to include aryl or
heteroaryl moieties, as herein defined. [0012] The
term "alkylene" refers to a bivalent alkyl group. An
"alkylene chain" is a polymethylene group, i.e.,
-(CH2)n- wherein n is a positive integer, preferably
from 1 to 6, from 1 to 4, from 1 to 3, from 1 to 2, or
from 2 to 3. A substituted alkylene chain is a
polymethylene group in which one or more methylene
hydrogen atoms is replaced with a substituent. In
general, unless otherwise indicated, suitable
substituents include those described below for a
substituted aliphatic group. [0013] A methylene unit
of the alkylene chain also can be optionally replaced
by a functional group. In some embodiments, an
internal methylene unit is replaced with the
functional group. Examples of suitable functional
groups are described in the specification and claims
herein. [0014] The terms "arylene", "heterocyclene"
and "carbocyclene'V'cycloalkylene" refer to aryl,
heteroaryl, non-aromatic heterocyclic or
carbocyclic/cycloalkyl ring(s), respectively, in a
molecule that are bonded to two other groups in the
molecule through a single covalent from two of its
ring atoms. Examples of suitable arylene groups
include phenylene, pyrrolylene, thienylene,
furanylene, imidazolylene, triazolylene,
tetrazolylene, oxazolylene, isoxazolylene,
oxadiazolylene, pyrazolylene, pyridinylene,
pyrimidylene, pyrazinylene, thiazolylene; examples of
suitable mono-cyclic carbocyclenes include
cyclopropylene, cyclopentylene, cyclohexylene and
cycloheptylene; and examples of suitable non-aromatic
heterocyclenes include piperidinylene, piperazinylene,
pyrrolidinylene, pyrazolidinylene, imidazolidinylene,
tetrahydrofuranylene, tetrahydrothienylene,
isooxazolidinylene, oxazolidinylene,
isothiazolidinylene, thiazolidinylene,
oxathiolanylene, dioxolanylene, and dithiolanylene. By
way of example, the structure of 1,4-phenylene, 2,5-
thienylene, 1,4 cyclohexylene and 2,5-pyrrolodinylene
are shown below: [0015] The term "substituted", as
used herein, means that one or more hydrogens of the 



designated moiety are replaced, provided that the
substitution results in a stable or chemically
feasiblecompound. A stable compound or chemically
feasible compound is one in which the chemical
structure is not substantially altered when kept at a
temperature from about -8O0C to about +40 C, in the
absence of moisture or other chemically reactive
conditions, for at least a week, or a compound which
maintains its integrity long enough to be useful for
therapeutic or prophylactic administration to a
patient. The phrase "one or more substituents", as
used herein, refers to a number of substituents that
equals from one to the maximum number of substituents
possible based on the number of available bonding
sites, provided that the above conditions of stability
and chemical feasibility are met. [0016] Unless
otherwise indicated, an aryl (including aralkyl,
aralkoxy, aryloxyalkyl and the like) or heteroaryl
(including heteroaralkyl and heteroarylalkoxy and the
like) group may contain one or more substituents and
thus may be "optionally substituted". In addition to
the substituents defined above and herein, suitable
substituents on the unsaturated carbon atom of an aryl
or heteroaryl group also include and are generally
selected from halogen; -R; -OR0; -SR; -NO2; -CN;
-N(R)2; -NR0C(O)R0; -NR0C(S)R0; -NRC(O)N(R)2;
-NRC(S)N(R)2; -NR0CO2R0; -NR0NR0C(O)R0;
-NRNROC(O)N(R)2; -NR0NR0CO2R0; -C(O)C(O)R0;
-C(O)CH2C(O)R0; -CO2R0; -C(O)R0; -C(S)R0; -C(O)N(R)2;
-C(S)N(R)2; -0C(0)N(R) 2; -OC(O)R0; -C(0)N(0R)R;
-C(NOR)R; -S(O)2R0; -S(O)2OR0; -SO2N(R)2; -S(O)R0;
-NRSO2N(R)2; -NR0SO2R0; -N(0R)R; -C(=NH)- N(R)2;
-P(O)2R0; -PO(R)2; or -OPO(R)2; wherein each
independent occurrence of R is selected from hydrogen,
or an optionally substituted group selected from C 6
aliphatic, aryl, heteroaryl, heterocyclic, or
cycloaliphatic or, notwithstanding the definition
above, two independent occurrences of R, on the same
substituent or different substituents, taken together
with their intervening atom(s) form an optionally
substituted 3-12 membered saturated, partially
unsaturated, or fully unsaturated monocyclic or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. [0017]
Unless otherwise indicated, an aliphatic or
heteroaliphatic group, or a non-aromatic heterocyclic
ring may contain one or more substituents and thus may
be "optionally substituted". In addition to the
substituents defined above and herein, suitable
substituents on the saturated carbon of an aliphatic
or heteroaliphatic group, or of a non-aromatic
heterocyclic ring are selected from those listed above
for the unsaturated carbon of an aryl or heteroaryl
group and additionally include the following: =0, =S,
=NNHR*, =NN(R*)2, =NNHC(O)R*, =NNHCO2(alkyl),
=NNHSO2(alkyl), or =NR*, where each R* is
independently selected from hydrogen or an optionally
substituted Ci 6 aliphatic group. [0018] In addition
to the substituents defined above and herein, optional
substituents on the nitrogen of a non-aromatic
heterocyclic ring also include and are generally
selected from - R+, -N(R+)2, -C(O)R+, -CO2R+,
-C(O)C(O)R+, -C(O)CH2C(O)R+, -SO2R+, -SO2N(R+) ,
-C(=S)N(R+)2,-C(=NH)-N(R+)2, or -NR+SO R+; wherein R+
is hydrogen, or an optionally substituted group
selected from Ci.6 aliphatic, aryl, heteroaryl,
heterocyclic, or cycloaliphatic or, notwithstanding
the definition above, two independent occurrences of
R+, on the same substituent or different substituents,
taken together with their intervening atom(s) form an
optionally substituted 3-12 membered saturated,
partially unsaturated, or fully unsaturated monocyclic
or bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. [0019] As
detailed above, in some embodiments, two independent
occurrences of R0 (or R+ or any other variable
similarly defined in the specification and claims
herein), are taken together with their intervening
atom(s) to form an optionally substituted 3-12
membered saturated, partially unsaturated, or fully
unsaturated monocyclic or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. [0020] Exemplary rings that are
formed when two independent occurrences of R0 (or R+,
or any other variable similarly defined in the
specification and claims herein), are taken together
with their intervening atom(s) include, but are not
limited to the following: a) two independent
occurrences of R0 (or R+, or any other variable
similarly defined in the specification or claims
herein) that are bound to the same atom and are taken
together with that atom to form a ring, for example,
N(R)2, where both occurrences of R0 are taken together
with the nitrogen atom to form a piperidin-1-yl,
piperazin-1- yl, or morpholin-4-yl group; and b) two
independent occurrences of R0 (or R+, or any other
variable similarly defined in the specification or
claims herein) that are bound to different atoms and
are taken together with both of those atoms to form a
ring, for example where a phenyl group is substituted
with two occurrences of OR these two occurrences of R0
are taken together with the oxygen atoms to which they
are bound to form a fused 6-membered oxygen containing
ring: \ JUC) . It will be appreciated that a variety
of other rings (e.g., also spiro, and bridged rings)
can be formed when two independent occurrences of R0
(or R+, or any other variable similarly defined in the
specification and claims herein) are taken together
with their intervening atom(s) and that the examples
detailed above are not intended to be limiting. [0021]
Unless otherwise stated, structures depicted herein
are also meant to include all isomeric (e.g.,
enantiomeric, diastereomeric, and geometric (or
conformational)) forms of the structure; for example,
the R and S configurations for each asymmetric center,
(Z) and (E) double bond isomers, and (Z) and (E)
conformational isomers. Therefore, single
stereochemical isomers as well as 



enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are
within the scope of the invention. Unless otherwise
stated, all tautomeric forms of the compounds of the
invention are within the scope of the invention.
Additionally, unless otherwise stated,
structuresdepicted herein are also meant to include
compounds that differ only in the presence of one or
more isotopically enriched atoms. For example,
compounds having the present structures except for the
replacement of hydrogen by deuterium or tritium, or
the replacement of a carbon by a 13C- or 14Cenriched
carbon are within the scope of this invention. [0022]
3. Description of Exemplary Compounds: [0023] As
described generally above for compounds of formula I,
ring A is an optionally substituted, fused
5-6-membered aryl or heteroaryl ring. In some
embodiments, ring A is an optionally substituted group
selected from: [0024] Preferably, Ring A is an
optionally substituted, fused phenyl group. In
general, suitable Ring A substituents are as provided
in the section describing suitable aryl and heteroaryl
group substituents. Preferably, Ring A, as defined
generally and in preferred embodiments above, is
substituted by n substituents represented by R8,
wherein n is 0, 1, 2, 3 or 4, preferably 0 or 1. Each
R8 is independently halo, -OR9, -SR9, -CN, -NO2,
-N(R10)2, -N(R10)C(O)R9, -N(R10)CO2R9a, -
N(R10)C(O)N(R10)2, -C(O)N(R10)2 > -OC(O)R9,
-OC(O)N(R10)2, -C(O)R9, -CO2R9, -SO2R9a, -S(O)R9a, -
SO2N(R10)2, -N(R10)SO2R9a or an optionally substituted
group selected from Ci 8 aliphatic, a monocyclic aryl,
a monocyclic heteroaryl, or a monocyclic heterocyclic
group, wherein each R9 is independently hydrogen or an
optionally substituted Ci- aliphatic group, each R9a
is independently an optionally substituted C aliphatic
group; and each R10 is independently hydrogen, a .6
aliphatic group, -CO2R9a, -SO2R9a, or -C(O)R9, or
N(R10)2 is a monocyclic heteroaryl or a monocyclic
nonaromatic heterocyclic group. Preferably, each R8 is
independently halo, Q^alkyl, Ci.3haloalkyl, hydroxyl,
C^alkoxy, Ci-3haloalkoxy, -NO2, -CN, amine,
Ci_3alkylamine, Ci-3dialkylamine, Ci.3hydroxyalkyl or
Ci-3aminoalkyl. [0025] As described generally above
for compounds of formula I, Y is >C(RX)- or >N-,
wherein Rx is hydrogen or a C1-C4 aliphatic group. Y
is preferably >C(RX)-. More preferably Y is >CH-.
[0026] As described generally above for compounds of
formula I, X is -C(=O)-, -SO2-, -CONR- , -C(R)2-, or
-CO 2-. Preferably, X1 is -C(=O)-.[0027] As described
generally above for compounds of formula I, R1 is an
optionally substituted group selected from an
aliphatic, a monocyclic or bicyclic aryl, a monocyclic
or bicyclic heteroaryl, a monocyclic or bicyclic
non-aromatic heterocyclic, or a monocyclic or bicyclic
non-aromatic carbocylic group. Preferably, R1 is an
optionally substituted monocyclic or bicyclic aryl or
heteroaryl group. In other preferred embodiments, R1
is an optionally substituted group selected from
phenyl, pyridyl, pyrimidyl, oxazolyl, isoxazolyl,
thiazolyl, isothiazolyl, furanyl, thiophenyl,
imidazolyl, pyrazolyl, pyrollyl, tetrazolyl, indolyl,
benzotriazolyl, benzothiazolyl, benzimidazolyl,
benzothienyl, benzofuranyl, benzmorpholinyl or
benzpiperazinyl. In yet other preferred embodiments,
R1 is an optionally substituted monocyclic
non-aromatic heterocyclic or non-aromatic carbocyclic
group. In preferred embodiments, R1 is an optionally
substituted monocyclic non-aromatic heterocyclic or
nonaromatic carbocyclic group selected from
cyclopropyl, cyclobutyl, azetidinyl, cyclopentyl,
pyrrolidinyl, cyclohexyl, cycloheptyl, morpholinyl,
piperidinyl, piperazinyl, or thiomorpholinyl. In still
other preferred embodiments, R1 is optionally
substituted phenyl or pyridyl. In yet other preferred
embodiments, R1 is optionally substituted phenyl.
[0028] In general, suitable substituents for a
substitutable aromatic ring carbon or nitrogen atom of
an aryl or heteroaryl group represented by R1 are as
provided in the section describing suitable
substituents for an aryl or heteroaryl group; suitable
substituents for a substitutable ring carbon or
nitrogen atom of a non-aromatic heterocyclic ring in
the group represented by R1 are as provided in the
section describing suitable substituents for a
non-aromatic heterocyclic group; and suitable
substituents for an aliphatic group or a substitutable
ring carbon of a carbocyclic group represented by R1
are as provided in the section describing suitable
substituents for an aliphatic group. [0029] In some
embodiments, R1 is substituted with one or more
occurrences of R11, wherein each R11 is independently
halo, -OR12 , -SR12 , -CN, -NO2, -N(R12R13),
-N(R13)C(O)R12 , - N(R13)CO2R12a,
-N(R13)C(O)N(R12R13), -C(O)N(R12R13), -OC(O)R12,
-OC(O)N(R12R13), -C(O)R12 , - CO2R12 , -SO2R12a,
-S(O)R12a, -SO2N(R12R13), -N(R13)SO2R12a, or an
optionally substituted group selected from
Ci_8aliphatic, a monocyclic aryl, a monocyclic
heteroaryl, or a monocyclic non-aromatic carbocyclic
group, wherein each R12 is independently hydrogen or
an optionally substituted C 6 aliphatic group, each
R12a is an optionally substituted Ci 6 aliphatic
group, and each R13 is independently hydrogen, a Ci-6
aliphatic group, -CO2R12a, -SO2R12a, or -C(O)R12 , or
-N(R12R13) is an optionally substituted monocyclic
heteroaryl or non-aromatic heterocyclic group.
Preferably, each R11 is independently halo, Ci 3
alkyl, C1-3 haloalkyl, hydroxyl, Ci 3 alkoxy, Ci-3
haloalkoxy, -NO2, -CN, amine, Ci-3 alkyl amine, C1-3
dialkylamine, Ci-3 hydroxyalkyl or Ci-3 aminoalkyl.
More preferably, R1 is a phenyl, pyridyl, pyrimidyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
furanyl, thiophenyl, imidazolyl, pyrazolyl, pyrollyl,
tetrazolyl, indolyl, benzotriazolyl, benzothiazolyl,
benzimidazolyl, benzothienyl, benzofuranyl,
benzmorpholinyl or benzpiperazinyl, each optionally
substituted at anyone or more substitutable ring
carbon atoms with Rn . Even more preferably, R1 is a
phenyl group represented by the following structural
formula: s is 0, 1, 2, 3 or 4, preferably 0-2, and
more preferably 0 or 1. [0030] Alternatively, R1 is
substituted with T2-V2-T3-M-Rg , and R1 is further
optionally substituted at any one or more
substitutable ring carbon atoms with R11. 



[0031] M is absent or an optionally substituted
monocyclic arylene, an optionally substituted
monocyclic non-aromatic carbocyclene or an optionally
substituted monocyclic non-aromatic heterocylene.
Examples of suitable arylene groups include phenylene,
pyrrolylene, thienylene, furanylene, imidazolylene,
triazolylene, tetrazolylene, oxazolylene,
isoxazolylene, oxadiazolylene, pyrazolylene,
pyridinylene, pyrimidylene, pyrazinylene,
thiazolylene; examples of suitable monocyclic
carbocyclenes include cyclopropylene, cyclopentylene,
cyclohexylene and cycloheptylene; and examples of
suitable non-aromatic heterocyclenes include
piperidinylene, piperazinylene, pyrrolidinylene,
pyrazolidinylene, imidazolidinylene,
tetrahydrofuranylene, tetrahydrothienylene,
isooxazolidinylene, oxazolidinylene,
isothiazolidinylene, thiazolidinylene,
oxathiolanylene, dioxolanylene, and dithiolanylene.
Phenylene, [2,5]thienylene and [2,5]furanylene are
preferred arylene groups. Suitable substituents for an
arylene are as provided in the section describing aryl
and heteroaryl group substituents; and suitable
substituents for non-aromatic heterocyclene and
carbocyclene are as described in the sections
providing suitable substituents for a non-aromatic
heterocyclic group and aliphatic group, respectively.
Preferred substituents for a substitutable aromatic
ring carbon in a group represented by M and a
substitutable ring carbon or ring nitrogen atom in a
non-aromatic ring represented by M are as described
above for an aryl or heteroaryl group. [0032] V2 is
absent, -O-, -C(O)-, -N(R19)-, -S-, -S(O)-,
-C(O)NR19-, -NR19C(O)-, -S(O)2NR19-, - NR19S(O)2-, or
-S(O) 2-. Preferably, V2 is absent or -O-. [0033] Rg
is -C(O)OR18 , -C(O)R18 , -OC(O)R18 , -C(O)N(R19)2,
-NR19C(O)R18 , -NR19C(O)OR18a, - S(O)2R18 ,
-S(O)2COR18 , -S(O)2 N(R19)2, -NR19S(O)2R183,
-NR19S(O)2R18 , S(O)2OR18, -S(O)OR18, - S(O)R18a,
-SR18 , -C(O)NR19S(O)2R183, -CN, -NR19C(O)N(R19)2,
-OC(O)NR19 2, - N(R19)2, -OR18 , an optionally
substituted non-aromatic heterocyclic group or an
optionally substituted heteroaryl group. Suitable
substituents for the non-aromatic heterocyclic group
and the heteroaryl group represented by Rg are as
provided in the section below describing suitable
substituents for a heterocyclic group and heteroaryl
group, respectively. Preferably, Rg is -C(O)OR 18,
-C(O)N(R19)2, -NR19C(O)R18, -NR19C(O)OR 18",
-S(O)2N(R19)2, -NR19S(O)2R18 , -NR19C(O)N(R 19)2, an
optionally substituted nonaromatic heterocyclic group
represented by R20 or an optionally substituted
heteroaryl group represented by R2 1. More preferably,
Rg is -C(O)OR 18, -C(O)N(R 19)2, optionally
N-substituted tetrazolyl or optionally N-substituted
imidazolyl. [0034] Each R18 is independently hydrogen
or Ci 6 aliphatic group. Preferably, each R18 is
independently H or Q-C 3 alkyl. More preferably, R18
is -H, methyl, or ethyl. [0035] Each R18a is
independently Ci.6 aliphatic group. Preferably, each
R18a is independently H or Ci-C3 alkyl. More
preferably, R18a is -H, methyl, or ethyl. [0036] Each
R19 is independently selected from hydrogen, a Ci.6
aliphatic group, -CO2R18, -SO2R18 , or -C(O)R 18 , or
-NR19 is a monocyclic heteroaryl or a monocyclic
non-aromatic heterocyclic group. Preferably, each R19
is H or Ci-C 3 alkyl or N(R19)2 is a
nitrogen-containing non-aromatic heterocyclic group.
More preferably, R19 is -H, methyl, or ethyl. [0037]
R20 is an optionally substituted piperidinonyl,
oxazolidinyl, oxazolidinonyl, thiazolidinyl,
tetrahydrofuranyl, tetrahydropyranyl, thiazolidinyl,
tetrahydrothiophene, morpholinyl, thiomorpholinyl,
imidazolidinyl, imidazolidinonyl, dioxanyl,
dioxolanyl, dithiolanyl, pyrrolidinyl, pyrrolidinonyl,
piperazinyl, or piperidinyl. R21 is an optionally
substituted furanyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, pyrrolyl, pyrazolyl, pyridinyl,
pyrimidyl, thiazolyl, thienyl, or imidazolyl. [0038]
T2 is absent, or a C 0 straight chain alkylene, and T3
is a Ci-I0 straight chain alkylene wherein T2 and T3
together contain no more than 10 carbon atoms, and
provided that T3 is a C2-I0 straight chained alkylene
when M is absent and V2 is -O-, -S-, -N(R19)-,
-C(O)N(R 19)- or -S(O)2N(R19)- and Rg is
-NR19S(O)2R18a, -NR19S(O)2R18\ -NR19C(O)R 18,
-NR19C(O)OR 18a, -NR19C(O)N(R 19)2, -CN, -OH, -SH,
-N(R 19)2. T2 and T3 are optionally and independently
substituted at any one or more substitutable carbon
atoms with halide, alkyl, gem dialkyl, gem dihalo,
haloalkyl, alkoxy, haloalkoxy, spiro cycloalkyl,
optionally TV-substituted nitrogen containing spiro
non-aromatic heterocyclic group, oxygen-containing
spiro non-aromatic heterocyclic group, amine,
alkylamine, dialkylamine or hydroxyl. T2 is preferably
absent. Preferably, T3 is a C 6 straight chain
alkylene optionally substituted at any one or more
substitutable carbon atoms with halide, alkyl, gem
dialkyl, gem dihalo, haloalkyl, spiro cycloalkyl,
optionally /V-substituted nitrogen containing spiro
nonaromatic heterocyclic group, oxygen-containing
spiro non-aromatic heterocyclic group, amine,
alkylamine, dialkylamine, or hydroxyl. [0039] In some
embodiments, R1 is a monocyclic aryl or heteroaryl
group substituted with -T2-V2-T3-M-Rg and is further
optionally substituted at any one or more
substitutable ring carbon atoms with R11 . [0040]
Preferably, R1 is a phenyl, pyridyl, pyrimidyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
furanyl, thiophienyl, imidazolyl, pyrazolyl, pyrollyl,
tetrazolyl, indolyl, benzotriazolyl,benzothiazolyl,
benzimidazolyl, benzothienyl, benzofuranyl,
benzmorpholinyl or benzpiperazinyl, each substituted
with - V2-T3-Rg , and each optionally substituted at
any one or more substitutable ring carbon atoms with
R11. [0041] More preferably, R1 is a phenyl group
represented by the following structural formula:
-V2-T3-Rg is preferably para to the X1 moiety as
referred to in compounds of formula I. 



[0042] In another alternative, R1 is substituted by
-V3-R22; and is optionally further substituted at any
one or more substitutable carbon atoms with R11. V3 is
a covalent bond, -O-, -C(O)-, -N(R13)-, - S-, -S(O)-,
-C(O)NR13-, -NR13C(O)-, -S(O)2NR13-, -NR13S(O)2-, or
-S(O) 2-. Preferably, V3 is a covalent bond or -0-.
R22 is an optionally substituted monocyclic or
bicyclic non-aromatic carbocyclic or an optionally
substituted monocyclic or bicyclic non-aromatic
heterocyclic group. Preferably, R22 is an optionally
substituted moncyclic non-aromatic heterocyclic group.
More preferably, R22 is an optionally substituted
cyclohexanyl, oxazolidinyl, oxazolidinonyl,
thiazolidinyl, tetrahydrofuranyl, tetrahydropyranyl,
thiazolidinyl, tetrahydrothienyl, morpholinyl,
thiomorpholinyl, imidazolidinyl, imidazolidinonyl,
dioxanyl, dioxolanyl, dithiolanyl, pyrrolidinyl,
pyrrolidinonyl, piperazinyl, isothiazolidinyl S S,
dioxide, or piperidinyl. Even more preferably, R22 is
oxazolidinyl, thiazolidinyl, tetrahydrofuranyl,
morpholinyl, imidazolidinyl, imidazolidinonyl,
pyrrolidinyl, pyrrolidinonyl, piperazinyl, or
piperidinyl. Suitable substituents for the
non-aromatic carbocyclic group and non-aromatic
heterocyclic group represented by R22 are as defined
below for aliphatic and non-aromatic heterocyclic
groups, respectively. Preferred substituents at a
substitutable ring carbon atom of a non-aromatic
carbocyclic ring or a substitutable carbon atom of a
non-aromatic heterocyclic group represented by R22 are
alkyl, halide, haloalkyl, hydroxyalkyl, -C(O)OR23 ,
-C(O)R23, -OC(O)R23, or -C(O)NR23 2. Preferred
substituents at a substitutable ring nitrogen atom of
a non-aromatic heterocyclic group represented by R22
are alkyl, haloalkyl, hydroxyalkyl, -C(O)OR23,
-C(O)R23, -(CH2)qCO2H, -(CH2)qC(O)N(R23)2,
-(CH2)qCH(CH3)CON(R23)2; -(CH2)qC(CH3)2CON(R23)2;
-(CH2)qC(CH3)2CO2R23 or -(CH2)qCH(CH3)CO2R23, wherein
q is an integer from 1-4, and each R23 is
independently -H, alkyl, haloalkyl, or hydroxyalkyl.
[0043] In some embodiments, R1 is a monocyclic aryl or
heteroaryl group, substituted by -V3-R22 ; and the
monocyclic aryl or heteroaryl group represented by R1
optionally is further substituted at any one or more
substitutable carbon atoms represented by R1 1 .
Preferably, R1 is a phenyl group represented by the
following structural formula:- V3-R>22 is preferably
para to the X1moiety as referred to in compounds of
formula I. [0044] In yet another alternative, R1 is a
substituted or unsubstituted aliphatic group.
Preferably, R1is -T2-V2-T3-M-R*. More preferably, R1is
-V2-T3-Rg . [0045] As described generally above, R2 is
a Ci-C3 alkyl group, a C1-C3 haloalkyl group or C3-C6
cycloalkyl group. The Q-C 3 alkyl group represented by
R2 is optionally substituted with R5. Preferably, R2
is Q-C 2 alkyl or C3-C6 cycloalkyl. [0046] As
described generally above, R3 is hydrogen, Ci C6 alkyl
optionally substituted by R6, Ci-C6 fluoroalkyl, or an
optionally substituted group selected from a C3-C8
cycloalkyl, a monocyclic non-aromatic heterocyclic, a
monocyclic aryl, or a monocyclic heteroaryl group.
Suitable substituents for the monocyclic non-aromatic
heterocyclic group and monocyclic aryl or heteroaryl
group represented by R3 are as provided in the section
describing suitable substituents for an aryl or
heteroaryl group and a non-aromatic heterocyclic
group, respectively. Preferably, R3 is a Ci-C4 alkyl
group. [0047] As described generally above, R4 is
-[C(R 7)2]m-B, or R3 and R4 may be taken together with
the intervening nitrogen atom to form an optionally
substituted monocyclic or bicyclic heteroaryl or
non-aromatic heterocyclic group, or Rx and R4 may be
taken together with the intervening carbon and
nitrogen atoms to form an optionally substituted
monocyclic non-aromatic nitrogen-containing
heterocyclic group. In another alternative, R4 is -(CH
2)m-B. R5 is -OH, -0(Q aliphatic), -COOR' or -N(R') 2.
R6 is -OH, -O(C aliphatic), -N(R') 2, -C(O)R', -COOR',
C(O)N(R') 2, or an optionally substituted group
selected from a monocyclic cycloalkyl, a monocyclic
aryl, a monocyclic heteroaryl, or a monocyclic
non-aromatic heterocyclic group. Suitable substituents
for the monocyclic cycloalkyl group, the monocyclic
non-aromatic heterocyclic group, the monocyclic aryl
group, and the monocyclic heteroaryl group represented
by R6 are as provided in the section describing
suitable substituents for an aliphatic group, a
non-aromatic heterocyclic group, an aryl group, and a
heteroaryl group, respectively. Each R7 is
independently hydrogen, fluoro, or Ci-C3 alkyl.
Preferably, R7 is hydrogen or methyl, more preferably
hydrogen. Each R, Rx or R' is independently hydrogen
or a Ci-C4 aliphatic group or N(R') 2 is a monocyclic
non-aromatic nitrogen-containing heterocyclic group. m
is zero or one.B is -H, -C(R7)3, -C(R7)2-C(R7)3, an
optionally substituted group selected from a
monocyclic or bicyclic cycloalkyl, a monocyclic or
bicyclic aryl, a monocyclic or bicyclic heteroaryl, or
a monocyclic or bicyclic non-aromatic heterocyclic
group. Suitable substituents for these groups are as
provided in the section describing suitable
substituents for the monocyclic or bicyclic cycloalkyl
group, the monocyclic or bicyclic aryl group, the
monocyclic or bicyclic heteroaryl group, and the
monocyclic or bicyclic non-aromatic heterocyclic
group. Preferred substituents for a substitutable ring
carbon atom of a group represented by B is R14 .
Preferably B is a monocyclic aryl or heteroaryl group
or a monocyclic cycloalkyl group, each optionally
substituted at any one or more substitutable ring
carbon atoms with R14 . More preferably, B is a phenyl
group represented by the following structural formula:
t is 0, 1, 2, 3 or 4, preferably 0-2 and more
preferably 0-1. 



Each R14 is independently C1-C4 alkyl, C1-C4
haloalkyl, Cr C4 haloalkoxy, R14a, R14b, -T-R 14a,
-T-R 14b, -V-Ti-R", -V-T-R 14a, -V,-T-R 14a or
-V1-T1-R1 . Preferably, each R14 is independently,
halo, C1 3 alkyl, C1-3 haloalkyl, hydroxyl, Ci-3
allcoxy, Ci-3haloa!koxv. -NO-. G Li , i-3 aikyl amine,
Ci.3 dialkylamine, C!-3 hydroxyalkyl or C1-3
aminqdikyivRMare independently, halo, Ci 3 alkyl, Ci 3
haloalkyl, hydroxyl, C -3 alkoxy, C!-3 ha oalkoxy,
-NO2, -CN, amine, C i-3 alkyl amine, C1-3
dialkylamine, Ci- hydroxyalkyl or Ci-3 amin'alkyl.- "
V is -O-, -N(R)-, -C(O)N(R)- or -S(O)2N(R)-. Vi is
-S(O)2, -C(O)-, -N(R)C(O)- Or-N(R)SO 2-. T is a Ci-C
optionally substituted alkylene. Examples of suitable
substituents for the alkylene group represented by T
include halide, alkyl, gem dialkyl, gem dihalo,
haloalkyl, alkoxy, haloalkoxy, spiro cycloalkyl,
optionally N-substituted nitrogen containing spiro
non-aromatic heterocyclic group, oxygen-containing
spiro non-aromatic heterocyclic group, amine,
alkylamine, dialkylamine or hydroxyl. Ti is a C2-C
optionally substituted alkylene. Examples of suitable
substituents for the alkylene group represented by Ti
include halide, alkyl, gem dialkyl, gem dihalo,
haloalkyl, alkoxy, haloalkoxy, spiro cycloalkyl,
optionally N-substituted nitrogen containing spiro
non-aromatic heterocyclic group, oxygen-containing
spiro non-aromatic heterocyclic group, amine,
alkylamine, dialkylamine or hydroxyl. Each R14a is
independently selected from -0R 15a, -SR 15a,
-C(O)N(R16)2, -C(O)R 15 , -CO2R15, -SO2R15 , -S(O)R
15a, -SO2N(R 16)2, an optionally substituted
monocyclic aryl or heteroaryl group, or an optionally
substituted monocyclic non-aromatic heterocyclic
group. Suitable substituents for the monocyclic aryl
or heteroaryl group and the monocyclic non-aromatic
heterocyclic group representedby R:4a are as provided
in the section below describing suitable substituents
for an aryl, heteroaryl, and a non-aromatic
heterocyclic group, respectively. Each R14b is
independently selected from halo, -OH, -SH, -CN, -NO2,
-N(R16)2, -N(RI6)C(O)R15 , -N(R16)CO2R15a,
-N(R16)C(O)N(R16)2, -OC(O)R15 , -OC(O)N(R 16)2 or
-N(Rld)SO2R15a. Each R15 is independently hydrogen or
a Q .6 aliphatic group. Each R15a is a Cj.6 aliphatic
group. Each R16 is independently selected from
hydrogen, a C - aliphatic group, -CO2R15a, -SO2R15a,
or -C(O)R15 , or N(R16)2 is a monocyclic heteroaryl or
a monocyclic non-aromatic heterocyclic group. [0048]
In a preferred embodiment, for compounds of formula
(I), R1 is an optionally substituted group selected
from a monocyclic or bicyclic aryl, a monocyclic or
bicyclic heteroaryl, a monocyclic or bicyclic
non-aromatic heterocyclic, or a monocyclic or bicyclic
non-aromatic carbocyclic group, and Y is >C(RX)-.
[0049] In another preferred embodiment, a compound of
the invention is represented by Structural (H) (III).
[0050] The values and preferred values for the
variables in Structural Formulas (II) and (III) are as
described above for Structural Formula (I). Preferably
in Structural Formula (II), R1 is an optionally
substituted group selected from a monocyclic or
bicyclic aryl, a monocyclic or bicyclic heteroaryl, a
monocyclic or bicyclic non-aromatic heterocyclic, or a
monocyclic or bicyclic non-aromatic carbocyclic group,
and Y is >C(RX)-. Preferably in Structural Formula
(III), R1 is an optionally substituted group selected
from a monocyclic or bicyclic aryl, a monocyclic or
bicyclic heteroaryl, a monocyclic or bicyclic
non-aromatic heterocyclic, or a monocyclic or bicyclic
non-aromatic carbocyclic group. [0051] It will be
appreciated that certain other embodiments are of
interest:[0052] In a first preferred embodiment, a
compound of the invention is represented by Structural
Formulas (II) and (III), wherein: R1 is a monocyclic
or bicyclic aryl or heteroaryl group optionally
substituted at any one or more substitutable ring
carbon atoms with Rp . Preferably, R1 is a phenyl,
pyridyl, pyrimidyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, furanyl, thiophienyl, imidazolyl,
pyrazolyl, pyrollyl, tetrazolyl, indolyl,
benzotriazolyl, benzothiazolyl, benzimidazolyl,
benzothienyl, benzofuranyl, benzmorpholinyl or
benzpiperazinyl, each optionally substituted at any
one or more substitutable ring carbon atoms with R11;
and the values and preferred values for R11 and the
remainder of the variables in Structural Formulas (II)
and (III) are as described above for Structural Fomula
(I). [0053] In a second preferred embodiment, a
compound of the invention is represented by Structural
Formulas (II) and (III), wherein: R1 is an optionally
substituted monocyclic or bicyclic aryl or heteroaryl
group optionally substituted at any one or more
substitutable ring carbon atoms with R11 . Preferably,
R1 is a phenyl, pyridyl, pyrimidyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, furanyl,
thiophienyl, imidazolyl, pyrazolyl, pyrollyl,
tetrazolyl, indolyl, benzotriazolyl, benzothiazolyl,
benzimidazolyl, benzothienyl, benzofuranyl,
benzmorpholinyl or benzpiperazinyl, each optionally
substituted at any one or more substitutable ring
carbon atoms with R11; B is a monocyclic aryl or
heteroaryl group or a monocyclic cycloalkyl group,
each optionally substituted at any one or more
substitutable ring carbon atoms with R14 ; and the
values and preferred values for R11, R14 , and the
remainder of the variables in Structural 



Formulas (II) and (III) are as described above for
Structural Formula (I). [0054] In a third preferred
embodiment, a compound of the invention is represented
by Structural Formulas (II) and (III), wherein: R1 is
an optionally substituted monocyclic or bicyclic aryl
or heteroaryl group optionally substituted at any one
or more substitutable ring carbon atoms with R11.
Preferably, R1 is a phenyl, pyridyl, pyrimidyl,
oxazolyl, isoxazolyl, thiazolyl, isothiazolyl,
furanyl, thiophienyl, imidazolyl, pyrazolyl, pyrollyl,
tetrazolyl, indolyl, benzotriazolyl, benzothiazolyl,
benzimidazolyl, benzothienyl, benzofuranyl,
benzmorpholinyl or benzpiperazinyl, each optionally
substituted at any one or more substitutable ring
carbon atoms with Rp ; R2 is Ci-C2 alkyl or C3-C6
cycloalkyl; R3 is a C1-C4 alkyl group; R4 is-(CH
2)m-B;B is a monocyclic aryl or heteroaryl group or a
monocyclic cycloalkyl group, each optionally
substituted at any one or more substitutable ring
carbon atoms with R14 ; and the values and preferred
values for m, R11, R14 and the remainder of the
variables in Structural Formulas (II) and (III) are as
described above for Structural Formula (I). [0055] In
a fourth preferred embodiment, a compound of the
invention is represented by Structural Formula (II) or
(III) wherein: R1 is a monocyclic or bicyclic aryl or
heteroaryl group substituted with -T2-V2-T3-M-Rg and
further optionally substituted at any one or more
substitutable ring carbon atoms with R11 . Preferably,
R1 is a phenyl, pyridyl, pyrimidyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, furanyl,
thiophienyl, imidazolyl, pyrazolyl, pyrollyl,
tetrazolyl, indolyl, benzotriazolyl, benzothiazolyl,
benzimidazolyl, benzothienyl, benzofuranyl,
benzmorpholinyl or benzpiperazinyl, each substituted
with -T2-V2-T3-M-R and each optionally substituted at
any one or more substitutable ring carbon atoms with
Rn ; and the values and preferred values for Rg ,M,
V2, T2, T , R11 and the remainder of the variables in
Structural Formulas (II) and (III) are as described
for Structural Formula (I). M and T2 are preferably
absent. [0056] In a fifth preferred, a compound of the
invention is represented by Structural Formula (II) or
(III), wherein: R1 is a monocyclic or bicyclic aryl or
heteroaryl group substituted with -T2-V2-T3-M-Rg and
further optionally substituted at any one or more
substitutable ring carbon atoms with R11. Preferably,
R1 is a phenyl, pyridyl, pyrimidyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, furanyl,
thiophienyl, imidazolyl, pyrazolyl, pyrollyl,
tetrazolyl, indolyl, benzotriazolyl, benzothiazolyl,
benzimidazolyl, benzothienyl, benzofuranyl,
benzmorpholinyl or benzpiperazinyl, each substituted
with -T2-V2-T3-M-Rg , and each optionally substituted
at any one or more substitutable ring carbon atoms
with R11 ; B is a monocyclic aryl or heteroaryl group
or a monocyclic cycloalkyl group, each optionally
substituted at any one or more substitutable ring
carbon atoms with R14 ; and the values and preferred
values for Rg ,M, V2, T2, T3, R11 , R14 and the
remainder of the variables in Structural Formulas (II)
and (III) are as described for Structural Formula (I).
M and T2 are preferably absent. [0057] In a sixth
preferred, a compound of the invention is represented
by Structural Formula (II) or (III), wherein:R1 is a
monocyclic or bicyclic aryl or heteroaryl group
substituted with -T2-V2-T3-M-Rg and further optionally
substituted at any one or more substitutable ring
carbon atoms with R11. Preferably, R1 is a phenyl,
pyridyl, pyrimidyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, furanyl, thiophienyl, imidazolyl,
pyrazolyl, pyrollyl, tetrazolyl, indolyl,
benzotriazolyl, benzothiazolyl, benzimidazolyl,
benzothienyl, benzofuranyl, benzmorpholinyl or
benzpiperazinyl, each substituted with -T2-V2-T3-M-R
and each optionally substituted at any one or more
substitutable ring carbon atoms with R11; R2 is C1-C2
alkyl or C3-C6 cycloalkyl; R3 is a Ci-C4 alkyl group;
R4 is-(CH 2)m-B; B is a monocyclic aryl or heteroaryl
group or a monocyclic cycloalkyl group, each
optionally substituted at any one or more
substitutable ring carbon atoms with R14 ; and the
values and preferred values for m, Rg ,M, V2, T2, T3,
R11, R14 and the remainder of the variables in
Structural Formulas (II) and (III) are as described
for Structural Formula (T). M and T2 are preferably
absent. [0058] In a seventh preferred embodiment, a
compound of the invention is represented by Structural
Formula (II) or (III), wherein: R1 is a monocyclic
aryl or heteroaryl group, substituted by -V3-R22. The
aryl or heteroaryl group represented by R1 optionally
is further substituted at any one or more
substitutable carbon atoms represented by R11 ; the
values and preferred values for V3, R1 1, R22 and the
remainder of the variables in Structural Formulas (II)
and (III) are as described for Structural Formula (I).
[0059] In an eighth preferred embodiment, a compound
of the invention is represented by Structural Formula
(II) or (III), wherein: 



R1 is a monocyclic aryl or heteroaryl group,
substituted by -V3-R22. The aryl or heteroaryl group
represented by R1 optionally is further substituted at
any one or more substitutable carbon atoms represented
by R11 ; B is a monocyclic aryl or heteroaryl group or
a monocyclic cycloalkyl group, each optionally
substituted at any one or more substitutable ring
carbon atoms with R14 ; and the values and preferred
values for V3, R1 1, R14, R22 and the remainder of the
variables in Structural Formulas (II) and (III) are as
described for Structural Formula (I). [0060] In a
ninth preferred embodiment, a compound of the
invention is represented by Structural Formula (II) or
(III), wherein:R1 is a monocyclic aryl or heteroaryl
group, substituted by -V3-R22. The aryl or heteroaryl
group represented by R1 optionally is further
substituted at any one or more substitutable carbon
atoms represented by Ru ; R2 is Ci-C2 alkyl or C3-C6
cycloalkyl; R3 is a C1.C4 alkyl group; R4 is-(CH 2)ra
-B; B is a monocyclic aryl or heteroaryl group or a
monocyclic cycloalkyl group, each optionally
substituted at any one or more substitutable ring
carbon atoms with R14 ; and the values and preferred
values for m, V3, R11, R14 , R22 and the remainder of
the variables in Structural Formulas (II) and (III)
are as described for Structural Formula (I). [0061] In
a tenth preferred embodiment, a compound of the
invention is represented by Structural Formula (II) or
(III), wherein: R1 is a monocyclic aryl or heteroaryl
group, substituted by -V3-R22. The aryl or heteroaryl
group represented by R1 optionally is further
substituted at any one or more substitutable carbon
atoms represented by R11 ; R2 is C1-C2 alkyl or C3-C6
cycloalkyl; R3 is a C1-C4 alkyl group; R4 is-(CH
2)m-B; R22 is an optionally substituted monocyclic
non-aromatic heterocyclic group; B is a monocyclic
aryl or heteroaryl group or a monocyclic cycloalkyl
group, each optionally substituted at any one or more
substitutable ring carbon atoms with R14 ; and the
values and preferred values for m, V3, R11, R14 and
the remainder of the variables in Structural Formulas
(II) and (III) are as described for Structural Formula
(I). [0062] In the first through the tenth preferred
embodiments described directly above, Y in Structural
Formula (II) is preferably >C(RX)-. [0063] In yet
another preferred embodiment, a compound of the
present invention is represented by Structural Formula
(IV):(IV). [0064] The values and preferred values for
the variables in Structural Formula (PV) are as
described above for Structural Formula (I). [0065] In
an eleventh preferred embodiment, a compound of the
present invention is represented by Structural Formula
(IV), wherein: R2 is C1-C2 alkyl or C3-C6 cycloalkyl;
R3 is a C -C4 alkyl group; and the values and
preferred values for the remainder of the variables in
Structural Formula (FV) are as described above for
Structural Formula (I). [0066] In still another
preferred embodiment, a compound of the present
invention is represented by Structural Formula (V) or
(VI): (V) (VI). [0067] The values and preferred values
for the variables in Structural Formulas (V) and (VI)
are as described above for Structural Formula (I).
[0068] In a twelth preferred embodiment, a compound of
the present invention is represented by Structural
Formula (V) or (VI), wherein R2 is C1-C2 alkyl or
C3-C6 cycloalkyl; R3 is a C -C4 alkylgroup; R4 is -(CH
2)m-B; B is a monocyclic aryl or heteroaryl group or a
monocyclic cycloalkyl group, each optionally
substituted at any one or more substitutable ring
carbon atoms with R14 ; and the values and preferred
values for m, R14 and the remainder of the variables
in Structural Formula (V) and (VI) are as described
above for Structural Formula (I). [0069] In a
thirteenth preferred embodiment, a compound of the
present invention is represented by Structural Formula
(V) or (VI), wherein: R2 is Ci-C2 alkyl or C3-C6
cycloalkyl; R3 is a Ci-C4 alkyl group; R4 is-(CH
2)m-B; B is a monocyclic aryl or heteroaryl group or a
monocyclic cycloalkyl group, each optionally
substituted at any one or more substitutable ring
carbon atoms with R14 ; V2 is a covalent bond or -O-;
T3 is Ci_6 is a straight chain alkylene optionally
substituted at any one or more substitutable carbon
atoms with halide, alkyl, gem dialkyl, gem dihalo,
haloalkyl, spiro cycloalkyl, optionally Nsubstituted
nitrogen containing spiro non-aromatic heterocyclic
group, oxygen-containing spiro nonaromatic
heterocyclic group, amine, alkylamine, dialkylamine,
or hydroxyl; Rg is -C(O)OR18, -C(O)N(R19)2,
-NR19C(O)R18, -NR19C(O)OR18il, -S(O)2 N(R19)2, 



-NR19S(O)2R18 , -NR19C(O)N(R19)2, an optionally
substituted non-aromatic heterocyclic group
represented by R20 or an optionally substituted
heteroaryl group represented by R21. Preferably, Rg is
- C(O)OR18, -C(O) N(R19)2, an optionally N-substituted
tetrazolyl or an optionally -substituted imidazolyl;
each R18 is independently H or Ci-C3 alkyl.
Preferably, each R18 is independently -H, methyl or
ethyl; each R18a is independently Ci-C3 alkyl.
Preferably, each R18 is independently methyl or ethyl;
each R19 is H or alkyl or NR19 2 is a
nitrogen-containing non-aromatic heterocyclic group.
Preferably, each R19 is independently -H, methyl or
ethyl; R20 is an optionally substituted piperidinonyl,
oxazolidinyl, oxazolidinonyl, thiazolidinyl,
tetrahydrofuranyl, tetrahydropyranyl, thiazolidinyl,
tetrahydrothiophene, morpholinyl, thiomorpholinyl,
imidazolidinyl, imidazolidinonyl, dioxanyl,
dioxolanyl, dithiolanyl, pyrrolidinyl, pyrrolidinonyl,
piperazinyl, or piperidinyl; R2 1 is an optionally
substituted furanyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, pyrrolyl, pyrazolyl, pyridinyl,
pyrimidyl, thiazolyl, thienyl, or imidazolyl; and the
values and preferred values for m, R14 and the
remainder of the variables in Structural Formula (V)
and (VI) are as described above for Structural Formula
(I).[0070] In still another preferred embodiment, a
compound of the present invention is represented by
Structural Formula (VII): (VII). [0071] The values and
preferred values for the variables in Structural
Formula (VII) are as described above for Structural
Formula (I). [0072] In a fourteenth preferred
embodiment, a compound of the present invention is
represented by Structural Formula (VII): R2 is C -C2
alkyl or C3-C6 cycloalkyl; R3 is a Q.C 4 alkyl group;
V2 is a covalent bond or -O-; T3 is Ci-6 is a straight
chain alkylene optionally substituted at any one or
more substitutable carbon atoms with halide, alkyl,
gem dialkyl, gem dihalo, haloalkyl, spiro cycloalkyl,
optionally Nsubstituted nitrogen containing spiro
non-aromatic heterocyclic group, oxygen-containing
spiro nonaromatic heterocyclic group, amine,
alkylamine, dialkylamine, or hydroxyl; Rg is
-C(O)OR18, -C(O)N(R19)2, -NR19C(O)R18 ,
-NR19C(O)OR18a, -S(O)2N(R19) , -NR19S(O)2R18 ,
-NR19C(O)N(R19)2, an optionally substituted
non-aromatic heterocyclic group represented by R20 or
an optionally substituted heteroaryl group represented
by R2 1. Preferably, Rg is - C(O)OR18, -C(O)N(R19)2,
an optionally N-substituted tetrazolyl or an
optionally N-substituted imidazolyl; each R18 is
independently H or Cr C3 alkyl. Preferably, each R18
is independently -H, methyl or ethyl; each R18a is
independently Q-C 3 alkyl. Preferably, each R18 is
independently methyl or ethyl; each R19 is H or alkyl
or N(R19)2 is a nitrogen-containing non-aromatic
heterocyclic group. Preferably, each R19 is
independently -H, methyl or ethyl; R20 is an
optionally substituted piperidinonyl, oxazolidinyl,
oxazolidinonyl, thiazolidinyl, tetrahydrofuranyl,
tetrahydropyranyl, thiazolidinyl, tetrahydrothiophene,
morpholinyl,thiomorpholinyl, imidazolidinyl,
imidazolidinonyl, dioxanyl, dioxolanyl, dithiolanyl,
pyrrolidinyl, pyrrolidinonyl, piperazinyl, or
piperidinyl; R2 1 is an optionally substituted
furanyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, pyrrolyl, pyrazolyl, pyridinyl,
pyrimidyl, thiazolyl, thienyl, or imidazolyl; and the
values and preferred values for the remainder of the
variables in Structural Formula (V) and (VI) are as
described above for Structural Formula (I). [0073] In
a fifteenth preferred embodiment, a compound of the
present invention is represented by Structural Formula
(VII): R2 is Ci-C2 alkyl or C3-C6 cycloalkyl; R3 is a
Ci-C4 alkyl group; V2 is a covalent bond or -O-; T3 is
C 6 is a straight chain alkylene optionally
substituted at any one or more substitutable carbon
atoms with halide, alkyl, gem dialkyl, gem dihalo,
haloalkyl, spiro cycloalkyl, optionally Nsubstituted
nitrogen containing spiro non-aromatic heterocyclic
group, oxygen-containing spiro nonaromatic
heterocyclic group, amine, alkylamine, dialkylamine,
or hydroxyl; Rg is -C(O)OR 18 , -C(O)N(R19)2 >
optionally N-substituted tetrazolyl or optionally
TV-substituted imidazolyl; R18 and each R19 are
independently-H, methyl, or ethyl; and the values and
preferred values for the remainder of the variables in
Structural Formula (V) and (VI) are as described above
for Structural Formula (I). [0074] In another
preferred embodiment, a compound of the present
invention is represented by Structural Formula (VIII)
or (IX): (VIII) (IX) [0075] The values and preferred
values for the variables in Structural Formula (VIII)
and (IX) 



are as described above for Structural Formula
(I).[0076] In a sixteenth preferred embodiment, a
compound of the present invention is represented by
Structural Formula (VIII) or (DC) wherein: R2 is Cr C2
alkyl or C3-C6 cycloalkyl; R3 is a C1 C4 alkyl group;
R4 is -(CH 2)m-B; R22 is an optionally substituted
monocyclic non-aromatic heterocyclic group; B is a
monocyclic aryl or heteroaryl group or a monocyclic
cycloalkyl group, each optionally substituted at any
one or more substitutable ring carbon atoms with R14 ;
and the values and preferred values for m, R14 and the
remainder of the variables in Structural Formulas
(VIII) and (IX) are as described for Structural
Formula (I). [0077] In a seventeenth preferred
embodiment, a compound of the present invention is
represented by Structural Formula (VIII) or (IX),
wherein: R2 is Ci-C2 alkyl or C3-C6 cycloalkyl; R3 is
a Ci-C4 alkyl group; R4 is -(CH2)m-B; B is a
monocyclic aryl or heteroaryl group or a monocyclic
cycloalkyl group, each optionally substituted at any
one or more substitutable ring carbon atoms with R14 ;
R22 is an optionally substituted cyclohexanyl,
oxazolidinyl, oxazolidinonyl, thiazolidinyl,
tetrahydrofuranyl, tetrahydropyranyl, thiazolidinyl,
tetrahydrothienyl, morpholinyl, thiomorpholinyl,
imidazolidinyl, imidazolidinonyl, dioxanyl,
dioxolanyl, dithiolanyl, pyrrolidinyl, pyrrolidinonyl,
piperazinyl, isothiazolidinyl S,S, dioxide, or
piperidinyl. Preferably, R22 is oxazolidinyl,
thiazolidinyl, tetrahydrofuranyl, morpholinyl,
imidazolidinyl, imidazolidinonyl, pyrrolidinyl,
pyrrolidinonyl, piperazinyl, or piperidinyl, each
optionally substituted at any substitutable carbon
atom by alkyl, halide, haloalkyl, hydroxyalkyl,
-C(O)OR23, -C(O)R23, -OC(O)R23, or -C(O)N(R23)2, and
each optionally substituted at any substitutable
nitrogen atom with alkyl, haloalkyl, hydroxyalkyl, -
C(O)OR23, -C(O)R23, -(CH2)qCO2H, -(CH2)qC(O)N(R23)2,
-(CH2)qCH(CH3)CON(R23)2; -(CH2)qC(CH3)2CON(R23)2;
-(CH2)qC(CH3)2CO2R23 or -(CH2)qCH(CH3)CO2R23; and the
values and preferred values for m, q, R14 , R23 and
the remainder of the variables in Structural Formulas
(VIII) and (IX) are as described for Structural
Formula (I). [0078] In an eighteenth preferred
embodiment, a compound of the present invention is
represented by Structural Formula (VIII) or (IX),
wherein: V is absent or -O- ; R2 is C -C2 alkyl or
C3-C6 cycloalkyl; R3 is a Ci-C4 alkyl group; R is
-(CH2)m-B; B is a monocyclic aryl or heteroaryl group
or a monocyclic cycloalkyl group, each optionally
substituted at any one or more substitutable ring
carbon atoms with R14 ;R22 is an optionally
substituted cyclohexanyl, oxazolidinyl,
oxazolidinonyl, thiazolidinyl, tetrahydrofuranyl,
tetrahydropyranyl, thiazolidinyl, tetrahydrothienyl,
mof holinyl, thiomorpholinyl, imidazolidinyl,
imidazolidinonyl, dioxanyl, dioxolanyl, dithiolanyl,
pyrrolidinyl, pyrrolidinonyl, piperazinyl,
isothiazolidinyl S,S, dioxide, or piperidinyl.
Preferably, R22 is oxazolidinyl, thiazolidinyl,
tetrahydrofuranyl, morpholinyl, imidazolidinyl,
imidazolidinonyl, pyrrolidinyl, pyrrolidinonyl,
piperazinyl, or piperidinyl, each optionally
substituted at any substitutable carbon atom by alkyl,
halide, haloalkyl, hydroxyalkyl, -C(O)OR23, -C(O)R23,
-OC(O)R23, or -C(O)N(R23)2, and each optionally
substituted at any substitutable nitrogen atom with
alkyl, haloalkyl, hydroxyalkyl, - C(O)OR23, -C(O)R23,
-(CH2)qCO2H, -(CH2)qC(O)N(R23)2,
-(CH2)qCH(CH3)CON(R23)2; -(CH2)qC(CH3)2CON(R23)2;
-(CH2)qC(CH3)2CO2R23 or -(CH2)qCH(CH3)CO2R23; and the
values and preferred values for m, q, R14 , R23 and
the remainder of the variables in Structural Formulas
(VIII) and (IX) are as described for Structural
Formula (I). In certain preferred embodiments V3 is
absent. [0079] In another preferred embodiment, a
compound of the present invention is represented by
Structural Formula (X): (X). wherein he values and
preferred values for the variables in Structural
Formula (X) are as described for Structural Formula
(T). In certain preferred embodiments V3 is absent.
[0080] In a nineteenth preferred embodiment, a
compound of the present invention is represented by
Structural Formula (X) wherein: V is absent or -O- ;
R2 is C -C2 alkyl or C3-C6 cycloalkyl; R3 is a C1C4
alkyl group; R22 is oxazolidinyl, thiazolidinyl,
tetrahydrofuranyl, morpholinyl, imidazolidinyl,
imidazolidinonyl, pyrrolidinyl, pyrrolidinonyl,
piperazinyl, or piperidinyl, each optionally
substituted at any substitutable carbonatom by alkyl,
halide, haloalkyl, hydroxyalkyl, -C(O)OR23, -C(O)R23,
-OC(O)R23, or -C(O)N(R23)2 and each optionally
substituted at any substitutable nitrogen atom with
alkyl, haloalkyl, hydroxyalkyl, -C(O)OR23 , -C(O)R23,
-(CH2)C1CO2H, -(CH2)qC(O)N(R23)2,
-(CH2)qCH(CH3)CON(R23)2; -(CH2)qC(CH3)2CON(R23)2;
-(CH2)qC(CH3)2CO2R23 or -(CH2)qCH(CH3)CO2R23; and the
values and preferred values for m, q, R14 , R23 and
the remainder of the variables in Structural Formulas
(X) are as described for Structural Formula (I).
[0081] In still another preferred embodiment, a
compound of the present invention is represented by
Structural Formula (XI): (XI). wherein the values and
preferred values for the variables in Structural
Formula (XI) are as 



described for Structural Formula (I). [0082] In
another preferred embodiment, a compound of the
present invention is represented by Structural Formula
(XII): (XII). wherein the values and preferred values
for the variables in Structural Formula (XII) are as
described for Structural Formula (I). [0083] In a
twentieth preferred embodiment, a compound of the
present invention is represented by Structural Formula
(XII), wherein: V2 is a covalent bond or -O-; T3 is
Ci.6 is a straight chain alkylene optionally
substituted at any one or more substitutable carbon
atoms with halide, alkyl, gem dialkyl, gem dihalo,
haloalkyl, spiro cycloalkyl, optionally Nsubstituted
nitrogen containing spiro non-aromatic heterocyclic
group, oxygen-containing spiro nonaromatic
heterocyclic group, amine, alkylamine, dialkylamine,
or hydroxyl; Rg is -C(O)OR18 , -C(O)N(R19)2,
-NR19C(O)R18, -NR19C(O)OR18 , -S(O)2N(R19)2,
-NR19S(O)2R18 , -NR19C(O)N(R19)2, an optionally
substituted non-aromatic heterocyclic group
represented by R20 or an optionally substituted
heteroaryl group represented by R2 1; each R18 is
independently H or Q-C 3 alkyl; each R18a is
independently C1-C3 alkyl; each R19 is H or alkyl or
N(R19)2 is a nitrogen-containing non-aromatic
heterocyclic group; R20 is an optionally substituted
piperidinonyl, oxazolidinyl, oxazolidinonyl,
thiazolidinyl, tetrahydrofuranyl, tetrahydropyranyl,
thiazolidinyl, tetrahydrothiophene, morpholinyl,
thiomorpholinyl, imidazolidinyl, imidazolidinonyl,
dioxanyl, dioxolanyl, dithiolanyl, pyrrolidinyl,
pyrrolidinonyl, piperazinyl, or piperidinyl; and R2 1
is an optionally substituted furanyl, tetrazolyl,
oxazolyl, isoxazolyl, oxadiazolyl, pyrrolyl,
pyrazolyl, pyridinyl, pyrimidyl, thiazolyl, thienyl,
or imidazolyl; and the values and preferred values for
the remainder of the variables in Structural Formula
(XII) are as described for Structural Formula (I).
[0084] In a twenty-first preferred embodiment, a
compound of the present invention is represented by
Structural Formula (XII), wherein: B is a monocyclic
aryl or heteroaryl group or a monocyclic cycloalkyl
group, each optionally substituted at any one or more
substitutable ring carbon atoms with R14 ; V2 is a
covalent bond or -O-; T3 is C 6 is a straight chain
alkylene optionally substituted at any one or more
substitutable carbon atoms with halide, alkyl, gem
dialkyl, gem dihalo, haloalkyl, spiro cycloalkyl,
optionally Nsubstituted nitrogen containing spiro
non-aromatic heterocyclic group, oxygen-containing
spiro nonaromatic heterocyclic group, amine,
alkylamine, dialkylamine, or hydroxyl Rg is -C(O)OR18,
-C(O)N(RI9)2, -NR19C(O)R18, -NR19C(O)OR18a,
-S(O)2N(R19)2, -NR19S(O)2R18 , -NR19C(O)N(R19)2, an
optionally substituted non-aromatic heterocyclic group
represented by R20 or an optionally substituted
heteroaryl group represented by R2 1. Preferably, Rg
is - C(O)OR18, -C(O)N(R19 )2 , optionally
N-substituted tetrazolyl or optionally N-substituted
imidazolyl; each R18 is independently H or Ci-C3
alkyl. Preferably, each R18 is independently-H,
methyl, or ethyl; each R18a is independently C -C3
alkyl. Preferably, each R18 is independently methyl,
or ethyl; each R19 is H or alkyl or N(R19)2 is a
nitrogen-containing non-aromatic heterocyclic group.
Preferably, each R19 is independently-H, methyl, or
ethyl;R20 is an optionally substituted piperidinonyl,
oxazolidinyl, oxazolidinonyl, thiazolidinyl,
tetrahydrofuranyl, tetrahydropyranyl, thiazolidinyl,
tetrahydrothiophene, morpholinyl, thiomorpholinyl,
imidazolidinyl, imidazolidinonyl, dioxanyl,
dioxolanyl, dithiolanyl, pyrrolidinyl, pyrrolidinonyl,
piperazinyl, or piperidinyl; and R2 1 is an optionally
substituted furanyl, tetrazolyl, oxazolyl, isoxazolyl,
oxadiazolyl, pyrrolyl, pyrazolyl, pyridinyl,
pyrimidyl, thiazolyl, thienyl, or imidazolyl; and and
the values and preferred values for R14 and the
remainder of the variables in Structural Formulas
(XII) are as described for Structural Formula (I).
[0085] In another preferred embodiment, a compound of
the present invention is represented by Structural
Formula (XIII): (XIII). wherein V2, T3, Rg , R18 ,
R18a and R19 are as described for Structural Formula
(XII). The values and preferred values for the
remainder of the variables in Structural Formula
(XIII) are as described for Structural Formula (I).
Preferably, Rg is -C(O)OR18, -C(O)N(R19)2, optionally
N-substituted tetrazolyl or optionally /^-substituted
imidazolyl; and R18 and each R19 are independently-H,
methyl, or ethyl. [0086] More preferably in Structural
Formulas (I)-(XIII), R8, R11 and R14 are
independently, halo, Ci-3 alkyl, Ci-3 haloalkyl,
hydroxyl, Ci.3 alkoxy, Ci 3 haloalkoxy, -NO2, -CN,
amine, Ci 3 alkyl amine, Ci_3 dialkylamine, C -3
hydroxyalkyl or Ci 3 aminoalkyl. [0087] More
preferably in Structural Formulas (IIII)-(XIII), R2
and C(O)NR3R4 are trans. In Structural Formulas (I)
and (II), R2 and C(O)NR3R4 are preferably trans when Y
is >C(R )-. 



[0088] Table 1 below depicts certain exemplary
compounds of formula I. [0089] Table 1. Examples of
formula I compoundsPIPERIDINYL PIPERAZINE DERIVATIVES
USEFUL AS INHIBITORS OF CHEMOKINE RECEPTORS Field of
the Invention The present invention relates to
piperidinyl piperazine compounds useful as selective
inhibitors of chemokine receptors, especially of the
CCR5 receptors, pharmaceutical compositions containing
the compounds of this invention, and methods of
treatment using the inventive compounds. The invention
also relates to the use of a combination of one or
more compounds of this invention and one or more
antiviral or other agents useful in the treatment of
Human Immunodeficiency Virus (HIV). The invention
further relates to the use of a compound of this
invention, alone or in combination with another agent,
in the treatment of solid organ transplant rejection,
graft v. host disease, arthritis, rheumatoid
arthritis, inflammatory bowel disease, atopic
dermatitis, psoriasis, asthma, allergies or multiple
sclerosis. Background of Invention The global health
crisis caused by HIV, the causative agent of Acquired
Immunodeficiency Syndrome (AIDS), is unquestioned.
While recent advances in drug therapies have been
successful in slowing the progression of AIDS, there
is still a need to find a safer, more efficient, less
expensive way to control the virus. It has been
reported that the CCR5 (CC Chemokine Receptor 5) gene
plays a role in resistance to HIV infection. HIV
infection begins by attachment of the virus to a
target cell membrane through interaction with the
cellular receptor CD4 and a secondary chemokine
co-receptor molecule, and proceeds by replication and
dissemination of infected cells through the blood and
other tissue. There are various chemokine receptors,
but for macrophage-tropic HIV, believed to be the key
pathogenic strain that replicates in vivo in the early
stages of infection, the principal chemokine receptor
required for the entry of HIV into the cell is CCR5.
Therefore, interfering with the interaction between
the viral receptor CCR5and HIV can block HlV entry
into the cell. The present invention relates to small
molecules which are CCR5 antagonists. CCR5 receptors
have been reported to mediate cell transfer in
inflammatory diseases such as arthritis, rheumatoid
arthritis, atopic dermatitis, psoriasis, asthma and
allergies. Inhibitors of such receptors are expected
to be useful in the treatment of such diseases, and in
the treatment of other inflammatory diseases or
conditions such as inflammatory bowel disease,
multiple sclerosis, solid organ transplant rejection
and graft v. host disease. Piperidine derivatives,
which are muscarinic antagonists useful in the
treatment of cognitive disorders such as Alzheimer's
disease, are disclosed in US patents 5,883,096,
6,037,352, 5,889,006, 5,952,349, and 5,977,138.
Compounds useful as CCR5 receptor antagonists are
disclosed in U.S. patents 6,387,930; 6,602,885 and
6,391 ,865, PCT Publications WO 2000/66558, WO
2000/66559, WO 02/079194, WO 03/69252, WO 03/020716,
WO 04/056770, European patent publication EP1421075,
and US patent publications US 2004/0092745 and US
2004/0092551 and in US provisional application Serial
No. 60/51 6,954 filed November 3, 2003. PCT
Publication WO 2002/081449 published October 17, 2002
(R. Albert et al), discloses certain bipiperidinyl
derivatives useful as chemokine receptor inhibitors.
A-M. Vandamme et al., Antiviral Chemistry &
Chemotherapy , 9:187- 203 (1998) disclose current
clinical treatments of HIV-1 infections in man
including at least triple drug combinations or
so-called Highly Active Antiretroviral Therapy
("HAART"). HAART involves various combinations of
nucleoside reverse transcriptase inhibitors ("NRTI"),
non-nucleoside reverse transcriptase inhibitors
("NNRTI") and HIV protease inhibitors ("Pl"). In
compliant drug-naive patients, HAART is effective in
reducing mortality and the progression of HIV-1 to
AIDS. However, these multidrug therapies do not
eliminate HIV-1 and long-term treatment usually
results in multidrug resistance. Development of new
drug therapies to provide better HIV-1 treatment
remains a priority.Summarv of the Invention The
present invention provides a novel class of compounds
as antagonists of the CCR5 receptor, methods of
preparing such compounds, pharmaceutical compositions
containing one or more such compounds, 



and methods of treatment, prevention or amelioration
of one or more diseases associated with the CCR5
receptor. One aspect of the invention relates to a
compound represented by the structural formula IA:
Formula IA or a pharmaceutically acceptable salt,
solvate or ester thereof; wherein: R1 is selected from
the group consisting of R9-phenyl, R9-pyridyl,
R9-thiophenyI, R9-naphthyl, and R2 is selected from
the group consisting of H and alkyl; R3 is selected
from the group consisting of H, alkyl, alkoxyalkyl-,
cycloalkyl, cycloalkylalkyl-, R9-aryl, R9-arylalkyl-,
R9-heteroaryl, and R9- heteroarylalkyl-; or R2 and R3
together are =O, =N(OR12 ) , or =N-N(R13)(R14); R4,
R5, R6 and R7 are independently selected from the
group consisting of H and alkyl; R8 is selected from
the group consisting of- AR9 is 1, 2 or 3 substituents
independently selected from the group consisting of H,
halogen, alkyl, alkoxy, -CF3, -OCF3, CH3C(O)-, -CN,
CH3S(O2)-, CF3S(O2)-, -N(R18XR19) ; R10 is selected
from the group consisting of H and alkyl; R1 1 is
selected from the group consisting of H, alkyl,
fluoroalkyl-, R9- arylaikyh R9-heteroaryl-, alkyl,
alkyl-S(O2)-, cycloalkyl-S(O 2)-, fluoroalkyl- S(O2)-,
R9-aryl-S(O 2)-, R9-heteroaryl-S(O 2)-,
N(R18)(R19)-S(O2)-, alkyl-C(O)-, cycloalkyl-C(O)-,
fluoroalkyl-C(O)-, R9-aryl-C(O)-, alkyl-NH-C(O)- and
R9- aryl-NH-C(O)-; R12 is H, alkyl, fluoroalkyl-,
cycloalkylalkyl-, hydroxyalkyl-, alkyl-Oalkyl-,
alkyi-O-C(O)-alkyl- or N(R18)(R19)-C(O)-alkyl-; R13
and R14 are independently selected from the group
consisting of H, alkyl and cycloalkyl, or R13 and R14
together are (C2-C6)alkylene and form a ring with the
nitrogen atom to which they are shown attached; R15
and R16 are independently selected from the group
consisting of alkyl, halogen, -NR18R19, -OH, -CF3,
-OCH3, -O-acyl and -OCF3; R17 is selected from the
group consisting of R20O-, H2N- and R20R21N-; R18 and
R19 are independently selected from the group
consisting of H and alkyl; R20 is selected from the
group consisting of alkyl, haloalkyl cycloalkyl,
heterocyclyl, aralkyl, alkylaryl, aryl, and
heteroaryl; R2 1 is selected from the group consisting
of H, alkyl, fluoro-alkyl-, R9- arylalkyl-,
R9-heteroaryl-, alkyl, alkyl-S(O2)-, cycloalkyl-S(O
2)-, fluoroalkyl- S(O2)-, R9-aryl-S(O 2)-,
R9-heteroaryl-S(O 2)-, N(R18)(R19)-S(O2)-,
alkyl-C(O)-, cycloalkyl-C(O)-, fluoroalkyl-C(O)-,
R9-aryl-C(O)-, alkyl-NH-C(O)- and R9-aryl-N H-C(O)-; Q
and Z are independently selected from the group
consisting of CH and N; n is O, 1, 2, 3 or 4;s is 0,1
, 2, 3 or 4; and t is 1, 2, 3 or 4; with the proviso
that when n is 0, Z is CH. Another aspect of the
invention relates to a compound in isolated and
purified form, said compound represented by the
structural formula IB: Formula IB or a
pharmaceutically acceptable salt, solvate or ester
thereof; wherein: R1 is selected from the group
consisting of R9-phenyl, R9-pyridyI, R9-thiophenyl,
R9-naphthyl, and R2 is selected from the group
consisting of H and alkyl; R3 is selected from the
group consisting of H, alkyl, alkoxyalkyl-,
cycloalkyl, cycloalkylalkyl-, R9-aryl, R9-arylalkyl-,
R9-heteroaryl, and R9- heteroarylalkyl-; or R2 and R3
together are =O, =NOR12 , or =N-N(R13)(R14 ) ; R4, R5,
R6 and R7 are independently selected from the group
consisting of H and alkyl; R8 is selected from the
group consisting of ;R9 is 1, 2 or 3 substituents
independently selected from the group consisting of H,
halogen, alkyl, alkoxy, -CF3, -OCF3, CH3C(O)-, -CN,
CH3S(O2)-, CF3S(O2)-, -N(R18XR19); R10 is selected
from the group consisting of H and alkyl; 



R11 is selected from the group consisting of H, alkyl,
fluoroalkyl-, R9- arylalkyl-, R9-heteroaryl-, alkyl,
alkyl-S(O2)-, cycloalkyl-S(O 2)-, fluoroalkyl- S(O2)-,
R9-aryl-S(O2)-, R9-heteroaryl-S(O 2)-,
N(R18)(R19)-S(O2)-, alkyl-C(O)-, cycloalkyl-C(O)-,
fluoroalkyl-C(O)-, R9-aryl-C(O)-, alkyl-NH-C(O)- and
R9- aryl-NH-C(O)-; R12 is H, alkyl, fluoroalkyl-,
cycloalkylalkyl-, hydroxyalkyl-, alkyl-Oalkyl-,
alkyl-O-C(O)-alkyl- or N(R17)(R18)-C(O)-alkyl-; R13
and R14 are independently selected from the group
consisting of H, alkyl and cycloalkyl, or R13 and R14
together are (C2-C6)alkyl and form a ring with the
nitrogen atom to which they are shown attached; R15
and R16 are independently selected from the group
consisting of alkyl, halogen, -NR17R18, -OH, -CF3,
-OCH3, -O-acyl and -OCF3; R17 and R18 are
independently selected from the group consisting of H
and alkyl; Q and Z are independently selected from the
group consisting of CH and N; n is 0,1 ,2,3 or 4; s is
0,1 ,2,3 or 4; and t is 1,2,3 or 4; with the proviso
that when n is O, Z is CH. The compounds of Formula IA
or Formula IB can be useful as CCR5 inhibitors and in
the treatment and prevention of diseases associated
with CCR5 and Human Immunodeficiency Virus. Detailed
Description Of The Invention In one embodiment, the
present invention discloses piperidinyl piperazine
compounds which are represented by structural Formula
IA or IB, or a pharmaceutically acceptable salt,
solvate or ester thereof, wherein the various moieties
are as described above.In another embodiment, for
structural formula IA, R2 is selected from the group
consisting of H and (CrC 6)alkyl; R3 is selected from
the group consisting of H, (C1-C6)alkyl, (d-
C6)alkoxy(Ci-C 6)alkyl-, (C3-C10)cycloalkyl,
(C3-C10)cycloalky(Ci-C 6)lalkyl-, R9-aryl,
R9-aryl(Ci-C 6)alkyl-, R9-heteroaryl, and
R9-heteroaryl(Ci-C 6)alkyl-; or R2 and R3 together are
=0, =N(OR12) , or =N-N(R13)(R14); R4, R5, R6 and R7
are independently selected from the group consisting
of H and (CrC 6)alkyl; R8 is selected from the group
consisting of R9 is 1, 2 or 3 substituents
independently selected from the group consisting of H,
halogen, (CrC 6)alkyl, (Ci-C 6)alkoxy, -CF3, -OCF ,
CH3C(O)-, -CN, CH3S(O2)-, CF3S(O2)-, -N(R18)(R19) ;
R10 is selected from the group consisting of H and
(d-C bJalkyl; R1 1 is selected from the group
consisting of H, (d-C bJalkyl, fluoro(C 1-C6)alkyI-,
R9-aryl(d-C 6)alkyh R9-heteroaryl-, (Ci-C 6)alkyl,
(C1- C6)alkyl-S(O 2)-, (C3-C6)cycloalkyl-S(O 2)-,
fluoro(d-C 6)alkyl-S(O 2)-, R9-aryl- S(O2)-,
R9-heteroaryl-S(O 2)-, N(R18)(R19)-S(O2)-, (d-C
6)alkyl-C(O)-, (C3- Ce)cycloalkyl-C(O)-, fluoro(Ci-C
6)alkyl-C(O)-, R9-aryl-C(O)-, (d-C 6)alkyl- NH-C(O)-
and R9-aryl-NH-C(O)-; R12 is H, (Ci-C 6)alkyl,
fluoro(d-C 6)alkyi-, (C3-Ci 0)cycloalkyl(C r
C6)alkyl-, hydroxy(CrC 6)alkyl-, (Ci-C 6)alkyl-O-(C
2-C6)alkyI-, (d-C 6)alkyl-OC( O)- (d-C 6)alkyl- or
N(R18)(R19)-C(O)- (d-C 6)alkyl-; R13 and R14 are
independently selected from the group consisting of H,
(Ci-C 6)alkyl and (C3-Cio)cycloalkyl, or R13 and R14
together are (C2- C6)alkyl and form a ring with the
nitrogen atom to which they are shown attached; R15
and R16 are independently selected from the group
consisting of (Cr C6)alkyl, halogen, -NR18R19 , -OH,
-CF3, -OCH3, -O-acyl and -OCF3;R17 is selected from
the group consisting of R20O-, H2N- and R20R2 1N-; R18
and R19 are independently selected from the group
consisting of H and (Ci-C 6)alkyl; R20 is selected
from the group consisting of (Ci-C 6)alkyl, halo(Ci-
C6)alkyl, (C3-Ci 0)cycloalkyl, heterocyclyl, aryl(Ci-C
6)alkyl, (Ci-C 6)alkylaryl, aryl, and heteroaryl; R2 1
is selected from the group consisting of H, (Ci-C
6)alkyl, fluoro- (Ci-C b)alkyl-, R9-aryl(C r
C6)alkyl-, R9-heteroaryl-, (CrC b)alkyl,
(C-,-C6)alkyl- S(O2)-, cyclo(C 3-C6)alkyl-S(O2)-,
fluoro(CrC 6)alkyl-S(O 2)-, R9-aryl-S(O 2)-,
R9-heteroaryl-S(O 2)-, N(R18)(R19)-S(O2)-, (d-C
b)alkyl-C(O)-, (C3- Ce)cycloalkyl-C(O)-, fluoro(C r
C6)alkyl-C(O)-, R9-aryl-C(O)-, (Ci-C 6)alkyl- 



NH-C(O)- and R9-aryl-NH-C(O)-; Q and Z are
independently selected from the group consisting of CH
and N; n is O, 1, 2, 3 or 4 ; s is 0, 1, 2, 3 or 4;
and t is 1, 2, 3 or 4; with the proviso that when n is
0, Z is CH. In another embodiment, for the compound of
structural formula IB, R2 is selected from the group
consisting of H and (Ci-C 6)alkyl; R3 is selected from
the group consisting of H, (CrC bJalkyl, (Cr
C6)alkoxy(Ci-C 6)alkyl-, (C3-Ci 0)cycloalkyl,
(C3-C10)cycloalky(C 1-C6)lalkyl-, R9-aryl, R9-aryl(C r
C6)alkyl-, R9-heteroaryl, and R9-heteroaryl(C r
C6)alkyl-; or R2 and R3 together are =O, =N(OR12) , or
=N-N(R13)(R14); R4, R5, R6 and R7 are independently
selected from the group consisting of H and (CrC
Jalkyl; R8 is selected from the group consisting of ,
andR9 is 1, 2 or 3 substituents independently selected
from the group consisting of H, halogen, (Ci-C
6)alkyl, (Ci-C 6)alkoxy, -CF3, -OCF3, CH3C(O)-, -CN,
CH3S(O2)-, CF3S(O2)-, -N(R 18)(R19) ; R10 is selected
from the group consisting of H and (C-i-C6)alkyl; R11
is selected from the group consisting of H, (Ci-C
6)alkyl, fluoro(C 1-C6)alkyl-, R9-aryl(C 1-C6)alkyl-
R9-heteroaryl-, (d-C b)alkyl, (C1- C6)alkyl-S(O 2)-,
(C3-C6)cycloalkyl-S(O 2)-, fluoro(C r C6)alkyl-S(O2)-,
R9-aryl- S(O2)-, R9-heteroaryl-S(O 2)-,
N(R17)(R18)-S(O2)-, (CrC 6)alkyl-C(O)-, (C3-
Ce)cycloalkyl-C(O)-, fluoro(Ci-C 6)alkyl-C(O)-,
R9-aryl-C(O)-, (d-C 6)alkyl- NH-C(O)- and
R9-aryl-NH-C(O)-; R12 is H, (d-C 6)alkyl, fluoro(C
1-C6)alkyl- (C3-C10)cycloalkyl(d- C6)alkyl-, hydroxy(C
1-C6)alkyl-, (C1-C6)alkyl-O-(C 2-C6)alkyl-, (Cr
C6)alkyl-OC( O)- (d-C 6)alkyl- or N(R17)(R18)-C(O)-
(d-C 6)alkyl-; R13 and R14 are independently selected
from the group consisting of H, (d-C 6)alkyl and
(C3-C10)cycloalkyl, or R13 and R14 together are (C2- C
jalkyl and form a ring with the nitrogen atom to which
they are shown attached; R15 and R16 are independently
selected from the group consisting of (d-C 6)alkyl,
halogen, -NR17R18 , -OH, -CF3, -OCH3, -O-acyl and
-OCF3; R17 and R18 are independently selected from the
group consisting of H and (d-C 6)alkyl; Q and Z are
independently selected from the group consisting of CH
and N; n is O, 1, 2, 3 or 4; s is O, 1, 2, 3 or 4; and
t is 1, 2, 3 or 4; with the proviso that when n is O,
Z is CH. In another embodiment, for the compounds of
structural formula IA or IB, R1 is R9-phenyl. In
another embodiment for the compounds of structural
formula IA or IB, R1 isIn another embodiment, for
structural formula IA or IB, wherein R1 is Z is CH,
and Q is N. In another embodiment, for structural
formula IA or IB, R2 is hydrogen and R3 is selected
from the group consisting of (C-i-C6)alkyl, (Cr
C6)alkoxy(Ci-C 6)alkyl-, and R9-aryl. As used herein,
Structural formulae IA, IB and IC are the same except
for the definition of substituent R8 in said formulae.
As used above, and throughout this disclosure, the
following terms, unless otherwise indicated, shall be
understood to have the following meanings: "Patient"
includes both human and animals. "Mammal" means humans
and other mammalian animals. "Alkyl" means an
aliphatic hydrocarbon group which may be straight or
branched and comprising about 1 to about 20 carbon
atoms in the chain. Preferred alkyl groups contain
about 1 to about 12 carbon atoms in the chain. More
preferred alkyl groups contain about 1 to about 6
carbon atoms in the chain. Branched means that one or
more lower alkyl groups such as methyl, ethyl or
propyl, are attached to a linear alkyl chain. "Lower
alkyl" means a group having about 1 to about 6 carbon
atoms in the chain which may be straight or branched.
The alkyl group may be unsubstituted or 



optionally substituted by one or more substituents
which may be the same or different, each substituent
being independently selected from the group consisting
of halo, alkyl, aryl, cycloalkyl, cyano, hydroxy,
alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycloalkyl),
-N(alkyl) 2, carboxy and -C(O)O-alkyl.Non-limiting
examples of suitable alkyl groups include methyl,
ethyl, npropyl, isopropyl and t-butyl. Whenever
applicable, the term "alkyl" also includes a divalent
alkyl, i.e., an "alkylene" group, obtained by removal
of a hydrogen atom from an alkyl group. Examples of
alkylene groups include methylene (-CH2-), ethylene
(-CH2CH2-), propylene (-C3H6-) and the like including
where applicable both straight chain and branched
structures. "Alkenyl" means an aliphatic hydrocarbon
group containing at least one carbon-carbon double
bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the
chain. Preferred alkenyl groups have about 2 to about
12 carbon atoms in the chain; and more preferably
about 2 to about 6 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
6 carbon atoms in the chain which may be straight or
branched. The term "substituted alkenyl" means that
the alkenyl group may be substituted by one or more
substituents which may be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl. aryl, cycloalkyl,
cyano, alkoxy and -S(alkyl). Non-limiting examples of
suitable alkenyl groups include ethenyl, propenyl,
n-butenyl, 3-methylbut-2- enyl, n-pentenyl, octenyl
and decenyl. "Alkynyl" means an aliphatic hydrocarbon
group containing at least one carbon-carbon triple
bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the
chain. Preferred alkynyl groups have about 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
alkynyl chain. "Lower alkynyl" means about 2 to about
6 carbon atoms in the chain which may be straight or
branched. Non-limiting examples of suitable alkynyl
groups include ethynyl, propynyl, 2-butynyl and
3-methylbutynyl. The alkynyl group may be
unsubstituted or optionally substituted by one or more
substituents which may be the same or different, each
substituent being independently selected from the
group consisting of alkyl, aryl and cycloalkyl."Aryl"
means an aromatic monocyclic or multicyclic ring
system comprising about 6 to about 14 carbon atoms,
preferably about 6 to about 10 carbon atoms. The aryl
group can be optionally substituted with one or more
"ring system substituents" which may be the same or
different, and are as defined herein. Non-limiting
examples of suitable aryl groups include phenyl and
naphthyl. "Heteroaryl" means an aromatic monocyclic or
multicyclic ring system comprising about 5 to about 14
ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the ring atoms is an element
other than carbon, for example nitrogen, oxygen or
sulfur, alone or in combination. Preferred heteroaryls
contain about 5 to about 6 ring atoms. The
"heteroaryl" can be optionally substituted by one or
more "ring system substituents" which may be the same
or different, and are as defined herein. The prefix
aza, oxa or thia before the heteroaryl root name means
that at least a nitrogen, oxygen or sulfur atom
respectively, is present as a ring atom. A nitrogen
atom of a heteroaryl can be optionally oxidized to the
corresponding N-oxide. Non-limiting examples of
suitable heteroaryls include pyridyl, pyrazinyl,
furanyl, thienyl, pyrimidinyl, pyridone (including
Nsubstituted pyridones), isoxazolyl, isothiazolyl,
oxazolyl, thiazolyl, pyrazolyl, furazanyl, pyrrolyl,
pyrazolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl,
pyridazinyl, quinoxalinyl, phthalazinyl, oxindolyl,
imidazo[1 ,2-a]pyridinyl, imidazo[2,1-b]thiazolyl,
benzofurazanyl, indolyl, azaindolyl, benzimidazolyl,
benzothienyl, quinolinyl, imidazolyl, thienopyridyl,
quinazolinyl, thienopyrimidyl, pyrrolopyridyl,
imidazopyridyl, isoquinolinyl, benzoazaindolyl,
1,2,4-triazinyl, benzothiazolyl and the like. The term
"heteroaryl" also refers to partially saturated
heteroaryl moieties such as, for example,
tetrahydroisoquinolyl, tetrahydroquinolyl and the
like. "Aralkyl" or "arylalkyl" means an aryl-alkyl-
group in which the aryl and alkyl are as previously
described. Preferred aralkyls comprise a lower alkyl
group. Non-limiting examples of suitable aralkyl
groups include benzyl, 2-phenethyl and
naphthalenylmethyl. The bond to the parent moiety is 



through the alkyl."Alkylaryl" means an alkyl-aryl-
group in which the alkyl and aryl are as previously
described. Preferred alkylaryls comprise a lower alkyl
group. Non-limiting example of a suitable alkylaryl
group is tolyl. The bond to the parent moiety is
through the aryl. "Cycloalkyl" means a non-aromatic
mono- or multicyclic ring system comprising about 3 to
about 10 carbon atoms, preferably about 5 to about 10
carbon atoms. Preferred cycloalkyl rings contain about
5 to about 7 ring atoms. The cycloalkyl can be
optionally substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined above. Non-limiting examples of
suitable monocyclic cycloalkyls include cyclopropyl,
cyclopentyl, cyclohexyl, cycloheptyl and the like.
Nonlimiting examples of suitable multicyclic
cycloalkyls include 1-decalinyl, norbornyl, adamantyl
and the like, as well as partially saturated species
such as, for example, indanyl, tetrahydronaphthyl and
the like. "Halogen" means fluorine, chlorine, bromine,
or iodine. Preferred are fluorine, chlorine and
bromine. "Ring system substituent" means a substituent
attached to an aromatic or non-aromatic ring system
which, for example, replaces an available hydrogen on
the ring system. Ring system substituents may be the
same or different, each being independently selected
from the group consisting of alkyl, alkenyl, alkynyl,
aryl, heteroaryl, aralkyl, alkylaryl, heteroaralkyl,
heteroarylalkenyl, heteroarylalkynyl, alkylheteroaryl,
hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy,
acyl, aroyl, halo, nitro, cyano, carboxy,
alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl,
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylthio, arylthio, heteroarylthio, aralkylthio,
heteroaralkylthio, cycloalkyl, heterocyclyl,
-C(=N-CN)-NH 2, -C(=NH)-NH 2, - C(=NH)-NH(alkyl), YiY
2N-, Y^N-alkyl-, Y1Y2NC(O)-, Y1Y2NSO2- and - SO2NY1Y2,
wherein Y1 and Y2 can be the same or different and are
independently selected from the group consisting of
hydrogen, alkyl, aryl, cycloalkyl, and aralkyl. "Ring
system substituent" may also mean a single moiety
which simultaneously replaces two available hydrogens
on two adjacent carbon atoms (one H on each carbon) on
a ring system. Examplesof such moiety are methylene
dioxy, ethylenedioxy, -C(CH3)2- and the like which
form moieties such as, for example: "Heterocyclyl"
means a non-aromatic saturated monocyclic or
multicyclic ring system comprising about 3 to about 10
ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the atoms in the ring system
is an element other than carbon, for example nitrogen,
oxygen or sulfur, alone or in combination. There are
no adjacent oxygen and/or sulfur atoms present in the
ring system. Preferred heterocyclyls contain about 5
to about 6 ring atoms. The prefix aza, oxa or thia
before the heterocyclyl root name means that at least
a nitrogen, oxygen or sulfur atom respectively is
present as a ring atom. Any -NH in a heterocyclyl ring
may exist protected such as, for example, as an
-N(Boc), - N(CBz), -N(Tos) group and the like; such
protections are also considered part of this
invention. The heterocyclyl can be optionally
substituted by one or more "ring system substituents"
which may be the same or different, and are as defined
herein. The nitrogen or sulfur atom of the
heterocyclyl can be optionally oxidized to the
corresponding N-oxide, S-oxide or S,S-dioxide.
Non-limiting examples of suitable monocyclic
heterocyclyl rings include piperidyl, pyrrolidinyl,
piperazinyl, morpholinyl, thiomorpholinyl,
thiazolidinyl, 1,4-dioxanyl, tetrahydrofuranyl,
tetrahydrothiophenyl, lactam, lactone, and the like.
It should be noted that in hetero-atom containing ring
systems of this invention, there are no hydroxyl
groups on carbon atoms adjacent to a N, O or S, as
well as there are no N or S groups on carbon adjacent
to another heteroatom. Thus, for example, in the ring:
H there is no -OH attached directly to carbons marked
2 and 5.It should also be noted that tautomeric forms
such as, for example, the moieties: are considered
equivalent in certain embodiments of this invention.
"Alkynylalkyl" means an alkynyl-alkyl- group in which
the alkynyi and alkyl are as previously described.
Preferred alkynylalkyls contain a lower alkynyi and a
lower alkyl group. The bond to the parent moiety is
through the alkyl. Non-limiting examples of suitable
alkynylalkyl groups include propargylmethyl.
"Heteroaralkyl" means a heteroaryl-alkyl- group in
which the 



heteroaryl and alkyl are as previously described.
Preferred heteroaralkyls contain a lower alkyl group.
Non-limiting examples of suitable aralkyl groups
include pyridylmethyl, and quinolin-3-ylmethyl. The
bond to the parent moiety is through the alkyl.
"Hydroxyalkyl" means a HO-alkyl- group in which alkyl
is as previously defined. Preferred hydroxyalkyls
contain lower alkyl. Non-limiting examples of suitable
hydroxyalkyl groups include hydroxymethyl and 2-
hydroxyethyl. "Acyl" means an H-C(O)-, alkyl-C(O)- or
cycloalkyl-C(O)-, group in which the various groups
are as previously described. The bond to the parent
moiety is through the carbonyl. Preferred acyls
contain a lower alkyl. Non-limiting examples of
suitable acyl groups include formyl, acetyl and
propanoyl. "Aroyl" means an aryl-C(O)- group in which
the aryl group is as previously described. The bond to
the parent moiety is through the carbonyl.
Non-limiting examples of suitable groups include
benzoyl and 1- naphthoyl. "Alkoxy" means an alkyl-O-
group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkoxy
groups include methoxy, ethoxy, n-propoxy, isopropoxy
and n-butoxy. The bond to the parent moiety is through
the ether oxygen."Aryloxy" means an aryl-O- group in
which the aryl group is as previously described.
Non-limiting examples of suitable aryloxy groups
include phenoxy and naphthoxy. The bond to the parent
moiety is through the ether oxygen. "Aralkyloxy" means
an aralkyl-O- group in which the aralkyl group is as
previously described. Non-limiting examples of
suitable aralkyloxy groups include benzyloxy and 1- or
2-naphthalenemethoxy. The bond to the parent moiety is
through the ether oxygen. "Alkylthio" means an
alkyl-S- group in which the alkyl group is as
previously described. Non-limiting examples of
suitable alkylthio groups include methylthio and
ethylthio. The bond to the parent moiety is through
the sulfur. "Arylthio" means an aryl-S- group in which
the aryl group is as previously described.
Non-limiting examples of suitable arylthio groups
include phenylthio and naphthylthio. The bond to the
parent moiety is through the sulfur. "Aralkylthio"
means an aralkyl-S- group in which the aralkyl group
is as previously described. Non-limiting example of a
suitable aralkylthio group is benzylthio. The bond to
the parent moiety is through the sulfur.
"Alkoxycarbonyl" means an alkyl-O-CO- group.
Non-limiting examples of suitable alkoxycarbonyl
groups include methoxycarbonyl and ethoxycarbonyl. The
bond to the parent moiety is through the carbonyl.
"Aryloxycarbonyl" means an aryl-O-C(O)- group.
Non-limiting examples of suitable aryloxycarbonyl
groups include phenoxycarbonyl and naphthoxycarbonyl.
The bond to the parent moiety is through the carbonyl.
"Aralkoxycarbonyl" means an aralkyl-O-C(O)- group.
Non-limiting example of a suitable aralkoxycarbonyl
group is benzyloxycarbonyl. The bond to the parent
moiety is through the carbonyl. "Alkylsulfonyl" means
an alkyl-S(O2)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the
parent moiety is through the sulfonyl. "Arylsulfonyl"
means an aryl-S(O2)- group. The bond to the parent
moiety is through the sulfonyl.The term "substituted"
means that one or more hydrogens on the designated
atom is replaced with a selection from the indicated
group, provided that the designated atom's normal
valency under the existing circumstances is not
exceeded, and that the substitution results in a
stable compound. Combinations of substituents and/or
variables are permissible only if such combinations
result in stable compounds. By "stable compound' or
"stable structure" is meant a compound that is
sufficiently robust to survive isolation to a useful
degree of purity from a reaction mixture, and
formulation into an efficacious therapeutic agent. The
term "optionally substituted" means optional
substitution with the specified groups, radicals or
moieties. The term "isolated" or "in isolated form"
for a compound refers to the physical state of said
compound after being isolated from a synthetic process
or natural source or combination thereof. The term
"purified" or "in 



purified form" or "in isolated and purified form" for
a compound refers to the physical state of said
compound after being obtained from a purification
process or processes described herein or well known to
the skilled artisan, in sufficient purity to be
characterizable by standard analytical techniques
described herein or well known to the skilled artisan.
It should also be noted that any carbon as well as
heteroatom with unsatisfied valences in the text,
schemes, examples and Tables herein is assumed to have
the sufficient number of hydrogen atom(s) to satisfy
the valences. When a functional group in a compound is
termed "protected", this means that the group is in
modified form to preclude undesired side reactions at
the protected site when the compound is subjected to a
reaction. Suitable protecting groups will be
recognized by those with ordinary skill in the art as
well as by reference to standard textbooks such as,
for example, T.W. Greene et at, Protective Groups in
organic Synthesis (1991 ) , Wiley, New York. When any
variable (e.g., aryl, heterocycle, R2, etc.) occurs
more than one time in any constituent or in Formula I,
its definition on each occurrence is independent of
its definition at every other occurrence.As used
herein, the term "composition" is intended to
encompass a product comprising the specified
ingredients in the specified amounts, as well as any
product which results, directly or indirectly, from
combination of the specified ingredients in the
specified amounts. Prodrugs and solvates of the
compounds of the invention are also contemplated
herein. The term "prodrug", as employed herein,
denotes a compound that is a drug precursor which,
upon administration to a subject, undergoes chemical
conversion by metabolic or chemical processes to yield
a compound of Formula I or a salt and/or solvate
thereof. A discussion of prodrugs is provided in T.
Higuchi and V. Stella, Pro-drugs as Novel Delivery
Systems (1987) 14 of the A.C.S. Symposium Series, and
in Bioreversible Carriers in Drug Design, (1987)
Edward B. Roche, ed., American Pharmaceutical
Association and Pergamon Press, both of which are
incorporated herein by reference thereto. "Solvate"
means a physical association of a compound of this
invention with one or more solvent molecules. This
physical association involves varying degrees of ionic
and covalent bonding, including hydrogen bonding. In
certain instances the solvate will be capable of
isolation, for example when one or more solvent
molecules are incorporated in the crystal lattice of
the crystalline solid. "Solvate" encompasses both
solutionphase and isolatable solvates. Non-limiting
examples of suitable solvates include ethanolates,
methanolates, and the like. "Hydrate" is a solvate
wherein the solvent molecule is H2O. Pharmaceutically
acceptable esters of the present compounds include the
following groups: ( 1) carboxylic acid esters obtained
by esterification of the hydroxy groups, in which the
non-carbonyl moiety of the carboxylic acid portion of
the ester grouping is selected from straight or
branched chain alkyl (for example, acetyl, n-propyl,
t-butyl, or n-butyl), alkoxyalkyl (for example,
methoxymethyl), aralkyl (for example, benzyl),
aryloxyalkyl (for example, phenoxymethyl), aryl (for
example, phenyl optionally substituted with, for
example, halogen, Ci^alkyl, or C -i-4alkoxy or amino);
(2) sulfonate esters, such as alkyl- or
aralkylsulfonyl (for example, methanesulfonyl); (3)
amino acid esters (for example, L-valyl or
L-isoleucyl);(4) phosphonate esters and (5) mono-, di-
or triphosphate esters. The phosphate esters may be
further esterified by, for example, a Ci-2oalcohol or
reactive derivative thereof, or by a 2,3-di
(C6-24)acyl glycerol. "Effective amount" or
"therapeutically effective amount" is meant to
describe an amount of compound or a composition of the
present invention effective in inhibiting the diseases
noted above and thus producing the desired
therapeutic, ameliorative, inhibitory or preventative
effect. The compounds of Formula IA or IB can form
salts which are also within the scope of this
invention. Reference to a compound of Formula I herein
is understood to include reference to salts thereof,
unless otherwise indicated. The term "salt(s)", as
employed herein, denotes acidic salts formed with
inorganic and/or organic acids, as well as basic salts
formed with inorganic and/or organic bases. In
addition, when a compound of Formula I contains both a
basic moiety, such as, but not limited to a pyridine
or imidazole, and an acidic moiety, such as, but not
limited to a carboxylic acid, zwitterions ("inner
salts") may be formed and are included 



within the term "salt(s)" as used herein.
Pharmaceutically acceptable (i.e., non-toxic,
physiologically acceptable) salts are preferred,
although other salts are also useful. Salts of the
compounds of the Formula I may be formed, for example,
by reacting a compound of Formula I with an amount of
acid or base, such as an equivalent amount, in a
medium such as one in which the salt precipitates or
in an aqueous medium followed by lyophilization.
Exemplary acid addition salts include acetates,
ascorbates, benzoates, benzenesulfonates, bisulfates,
borates, butyrates, citrates, camphorates,
camphorsulfonates, fumarates, hydrochlorides,
hydrobromides, hydroiodides, lactates, maleates,
methanesulfonates, naphthalenesulfonates, nitrates,
oxalates, phosphates, propionates, salicylates,
succinates, sulfates, tartarates, thiocyanates,
toluenesulfonates (also known as tosylates,) and the
like. Additionally, acids which are generally
considered suitable for the formation of
pharmaceutically useful salts from basic
pharmaceutical compounds are discussed, for example,
by P. Stahl et al, Camille G. (eds.) Handbook of
Pharmaceutical Salts.Properties, Selection and Use.
(2002) Zurich: Wiley-VCH; S. Berge et al, Journal of
Pharmaceutical Sciences (1977) 66(1 ) 1-19; P. Gould,
International J. of Pharmaceutics ( 1986) 33 201-21 7;
Anderson et al, The Practice of Medicinal Chemistry
(1996), Academic Press, New York; and in The Orange
Book (Food & Drug Administration, Washington, D.C. on
their website). These disclosures are incorporated
herein by reference thereto. Exemplary basic salts
include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts, alkaline earth
metal salts such as calcium and magnesium salts, salts
with organic bases (for example, organic amines) such
as dicyclohexylamines, t-butyl amines, and salts with
amino acids such as arginine, lysine and the like.
Basic nitrogencontaining groups may be quarternized
with agents such as lower alkyl halides (e.g. methyl,
ethyl, and butyl chlorides, bromides and iodides),
dialkyl sulfates (e.g. dimethyl, diethyl, and dibutyl
sulfates), long chain halides (e.g. decyl, lauryl, and
stearyl chlorides, bromides and iodides), aralkyl
halides (e.g. benzyl and phenethyl bromides), and
others. All such acid salts and base salts are
intended to be pharmaceutically acceptable salts
within the scope of the invention and all acid and
base salts are considered equivalent to the free forms
of the corresponding compounds for purposes of the
invention. One or more compounds of the invention may
also exist as, or optionally converted to, a solvate.
Preparation of solvates is generally known. Thus, for
example, M. Caira et al, J. Pharmaceutical Sci., 93(3)
, 601-61 1 (2004) describe the preparation of the
solvates of the antifungal fluconazole in ethyl
acetate as well as from water. Similar preparations of
solvates, hemisolvate, hydrates and the like are
described by E. C. van Tonder et al, AAPS
PharmSciTech., 5(1}, article 12 (2004); and A. L.
Bingham et al, Chem. Commun., 603-604 (2001 ) . A
typical, non-limiting, process involves dissolving the
inventive compound in desired amounts of the desired
solvent (organic or water or mixtures thereof) at a
higher than ambient temperature, and cooling the
solution at a rate sufficient to form crystals which
are then isolated by standard methods. Analytical
techniquessuch as, for example I. R. spectroscopy,
show the presence of the solvent (or water) in the
crystals as a solvate (or hydrate). Compounds of
Formula IA, Formula IB, and salts, solvates, esters
and prodrugs thereof, may exist in their tautomeric
form (for example, as an amide or imino ether). All
such tautomeric forms are contemplated herein as part
of the present invention. All stereoisomers (for
example, geometric isomers, optical isomers and the
like) of the present compounds (including those of the
salts, solvates, esters and prodrugs of the compounds
as well as the salts, solvates and esters of the
prodrugs), such as those which may exist due to
asymmetric carbons on various substituents, including
enantiomeric forms (which may exist even in the
absence of asymmetric carbons), rotameric forms,
atropisomers, and diastereomeric forms, are
contemplated within the scope of this invention, as
are positional isomers (such as, for example, 4-
pyridyl and 3-pyridyl). Individual stereoisomers of
the compounds of the invention may, for example, be
substantially free of other isomers, or may be
admixed, for example, as racemates or with all other,
or other selected, stereoisomers. The chiral centers
of the present invention can have the S or R
configuration as defined by the IUPAC 1974
Recommendations. The use 



of the terms "salt", "solvate", "ester", "prodrug" and
the like, is intended to equally apply to the salt,
solvate, ester, and prodrug of enantiomers,
stereoisomers, rotamers, tautomers, positional
isomers, racemates or prodrugs of the inventive
compounds. Polymorphic forms of the compounds of
Formula I A and IB, and of the salts, solvates, esters
and prodrugs of the compounds of Formula I, are
intended to be included in the present invention. The
compounds of Formula IA and IB can be useful as CCR5
inhibitors and in the treatment and prevention of
diseases associated with CCR5 and Human
Immunodeficiency Virus. They can be useful for the
treatment, prevention and/or amelioration of diseases
such as, for example, Acquired Immune Deficiency
Syndrome ("AIDS"), solid organ transplant rejection,
graft v. host disease, arthritis, rheumatoid
arthritis, inflammatory bowel disease, atopic
dermatitis, psoriasis, asthma, allergies or
multiplesclerosis. Thus, an aspect of the invention
relates to a pharmaceutical composition for treatment
of HIV comprising one or more compounds of formula IA
or formula IB. Yet another aspect of the invention
relates to a method of treating Human Immunodeficiency
Virus comprising administering to a patient in need of
such treatment a therapeutically effective amount of
one or more compounds of formula IA or IB. A further
aspect of the invention relates to a method of
treating solid organ transplant rejection, graft v.
host disease, arthritis, rheumatoid arthritis,
inflammatory bowel disease, atopic dermatitis,
psoriasis, asthma, allergies or multiple sclerosis
comprising administering to a patient in need of such
treatment a therapeutically effective amount of one or
more compounds of formula IA or IB. Still another
aspect of this invention relates to a method of
treating Human Immuno-deficiency Virus comprising
administering to a patient in need of such treatment
the one or more compounds of formula IA or IB in
combination with one or more antiviral or other agents
useful in the treatment. A further aspect of this
invention relates to a method of treating solid organ
transplant rejection, graft v. host disease,
arthritis, rheumatoid arthritis, inflammatory bowel
disease, atopic dermatitis, psoriasis, asthma or
allergies comprising administering to a patient in
need of such treatment one or more compounds of
formula IA or IB in combination with one or more
antiviral or other agents useful in the treatment. The
CCR5 and antiviral or other agents which are
components of the combination can be administered in a
single dosage or administered separately. A kit
comprising separate dosage forms of the actives is
also contemplated. Non-limiting examples of such
combination agents include nucleoside and nucleotide
reverse transcriptase inhibitors ("NRTI"s),
nonnucleoside reverse transcriptase inhibitors
("NNRTI"s), protease inhibitors ("PI S)1 other
antiviral agents, anti-HIV therapy agents and the
like. The term "nucleoside and nucleotide reverse
transcriptase inhibitors" as used herein means
nucleosides and nucleotides and analogues thereof that
inhibit the activity of HIV-1 reverse transcriptase,
the enzyme whichcatalyzes the conversion of viral
genomic HIV-1 RNA into proviral HIV-1 DNA. Typical
suitable NRTIs include zidovudine (AZT) available
under the RETROVIR trade name from Glaxo-Wellcome
Inc., Research Triangle, NC 27709; didanosine (ddl)
available under the VIDEX trade name from
Bristol-Myers Squibb Co., Princeton, NJ 08543;
zalcitabine (ddC) available under the HIVID trade name
from Roche Pharmaceuticals, Nutley, NJ 07110;
stavudine (d4T) available under the ZERIT trademark
from Bristol- Myers Squibb Co., Princeton, NJ 08543;
lamivudine (3TC) available under the EPIVIR trade name
from Glaxo-Wellcome Research Triangle, NC 27709;
abacavir ( 1592U89) disclosed in WO96/30025 and
available under the ZIAGEN trademark from
Glaxo-Wellcome Research Triangle, NC 27709; adefovir
dipivoxil [bis(POM)-PMEA] available under the PREVON
trade name from Gilead Sciences, Foster City, CA
94404; lobucavir (BMS- 180194), a nucleoside reverse
transcriptase inhibitor disclosed in EP- 0358154 and
EP-0736533 and under development by Bristol-Myers
Squibb, Princeton, NJ 08543; BCH-10652, a reverse
transcriptase inhibitor (in the form of a racemic
mixture of BCH-10618 and BCH-10619) under development
by Biochem Pharma, Laval, Quebec H7V, 4A7, Canada;
emitricitabine [(-)-FTC] licensed from Emory
University under Emory Univ. U.S. Patent No. 5,814,639
and under development by Triangle Pharmaceuticals,
Durham, NC 27707; beta-L-FD4 (also called beta-L-D4C 



and named beta-L-2', 3'-dicleoxy-5-fluoro-cytidene)
licensed by Yale University to Vion Pharmaceuticals,
New Haven CT 0651 1; DAPD, the purine nucleoside,
(-)-beta-D-2,6,-diamino-purine dioxolane disclosed in
EP 0656778 and licensed by Emory University and the
University of Georgia to Triangle Pharmaceuticals,
Durham, NC 27707; and lodenosine (FddA), 9-
(2,3-dideoxy-2-fluoro-b-D-threo-pentofuranosyl)adenine
, an acid stable purine-based reverse transcriptase
inhibitor discovered by the NIH and under development
by U.S. Bioscience Inc., West Conshohocken, PA
19428.The term "non-nucleoside reverse transcriptase
inhibitors" as used herein means non-nucleosides that
inhibit the activity of HIV-1 reverse transcriptase.
Typical suitable NNRTIs include nevirapine (BI-RG-587)
available under the VIRAMUNE trade name from
Boehringer Ingelheim, the manufacturer for Roxane
Laboratories, Columbus, OH 43216; delaviradine (BHAP,
U-90152) available under the RESCRIPTOR trade name
from Pharmacia & Upjohn Co., Bridgewater NJ 08807;
efavirenz (DMP-266) a benzoxazin-2-one disclosed in
WO94/03440 and available under the SUSTIVA trade name
from DuPont Pharmaceutical Co., Wilmington, DE
19880-0723; PNU-1 42721 , a furopyridine-thio-pyrimide
under development by Pharmacia and Upjohn, Bridgewater
NJ 08807; AG-1 549 (formerly Shionogi # S-1 153);
5-(3,5-dichlorophenyl)- thio-4-isopropyl-1-(4-
pyridyl)methyl-IH-imidazol-2-ylmethyl carbonate
disclosed in WO 96 /10019 and under clinical
development by Agouron Pharmaceuticals, Inc., LaJoIIa
CA 92037-1020; MKC-442
(1-(ethoxy-methyl)-5-(1-methylethyl)-6-
(phenylmethyl)-(2,4(1 H,3H)-pyrimidinedione)
discovered by Mitsubishi Chemical Co. and under
development by Triangle Pharmaceuticals, Durham, NC
27707; and (+)-calanolide A (NSC-675451) and B,
coumarin derivatives disclosed in NIH U.S. Patent No.
5,489,697, licensed to Med Chem Research, which is
co-developing (+) calanolide A with Vita-Invest as an
orally administrable product. The term "protease
inhibitor" as used herein means inhibitors of the
HIV-1 protease, an enzyme required for the proteolytic
cleavage of viral polyprotein precursors (e.g., viral
GAG and GAG Pol polyproteins), into the individual
functional proteins found in infectious HIV-1 . HIV
protease inhibitors include compounds having a
peptidomimetic structure, high molecular weight (7600
daltons) and substantial peptide character, e.g.
CRIXIVAN(available from Merck) as well as nonpeptide
protease inhibitors e.g., VIRACEPT (available from
Agouron). Typical suitable PIs include saquinavir (Ro
31-8959) available in hard gel capsules under the
INVIRASE trade name and as soft gel capsules under the
FORTOVASE trade name from RochePharmaceuticals,
Nutley, NJ 071 10-1 199; ritonavir (ABT-538) available
under the NORVIR trade name from Abbott Laboratories,
Abbott Park, IL 60064; indinavir (MK-639) available
under the CRIXIVAN trade name from Merck & Co., Inc.,
West Point, PA 19486-0004; nelfnavir (AG-1343)
available under the VIRACEPT trade name from Agouron
Pharmaceuticals, Inc., LaJoIIa CA 92037-1020;
amprenavir (141W94), trade name AGENERASE, a
non-peptide protease inhibitor under development by
Vertex Pharmaceuticals, Inc., Cambridge, MA 02139-421
1 and available from Glaxo-Wellcome, Research
Triangle, NC under an expanded access program;
lasinavir (BMS-234475) available from Bristol-Myers
Squibb, Princeton, NJ 08543 (originally discovered by
Novartis, Basel, Switzerland (CGP-61755); DMP-450, a
cyclic urea discovered by Dupont and under development
by Triangle Pharmaceuticals; BMS-2322623, an
azapeptide under development by Bristol-Myers Squibb,
Princeton, NJ 08543, as a 2nd-generation HIV-1 Pl;
ABT-378 under development by Abbott, Abbott Park, IL
60064; and AG-1549 an orally active imidazole
carbamate discovered by Shionogi (Shionogi #S-1 153)
and under development by Agouron Pharmaceuticals,
Inc., LaJoIIa CA 92037-1020. Other antiviral agents
include hydroxyurea, ribavirin, IL-2, IL-12,
pentafuside and Yissum Project No. 11607. Hydroyurea
(Droxia), a ribonucleoside triphosphate reductase
inhibitor, the enzyme involved in the activation of
T-cells, was discovered at the NCI and is under
development by Bristol-Myers Squibb; in preclinical
studies, it was shown to have a synergistic effect on
the activity of didanosine and has been studied with
stavudine. IL-2 is disclosed in Ajinomoto EP-01 42268,
Takeda EP- 0 176299, and Chiron U. S. Patent Nos. RE
33653, 4530787, 4569790, 



4604377, 4748234, 4752585, and 4949314, and is
available under the PROLEUKIN (aldesleukin) trade name
from Chiron Corp., Emeryville, CA 94608-2997 as a
lyophilized powder for IV infusion or sc
administration upon reconstitution and dilution with
water; a dose of about 1 to about 20 million IU/day,
sc is preferred; a dose of about 15 million IU/day, sc
is more preferred. IL-12 is disclosed in WO96/251 7 1
and is available from Roche Pharmaceuticals, Nutley,
NJ 071 10-1 199 and American Home Products,Madison, NJ
07940; a dose of about 0.5 microgram/kg/day to about
10 microgrann/kg/day, sc is preferred. Pentafuside
(DP-178, T-20) a 36-amino acid synthetic peptide,
disclosed in U.S. Patent No.5,464,933 licensed from
Duke University to Trimeris which is developing
pentafuside in collaboration with Duke University;
pentafuside acts by inhibiting fusion of HIV-1 to
target membranes. Pentafuside (3-100 mg /day) is given
as a continuous sc infusion or injection together with
efavirenz and 2 Pi's to HIV-1 positive patients
refractory to a triple combination therapy; use of 100
mg/day is preferred. Yissum Project No. 11607, a
synthetic protein based on the HIV - 1 Vif protein, is
under preclinical development by Yissum Research
Development Co., Jerusalem 91042 , Israel. Ribavirin,
1-b-D-ribofuranosyl- 1H-1 ,2,4-triazole-3-carboxamide,
is available from ICN Pharmaceuticals, Inc., Costa
Mesa, CA; its manufacture and formulation are
described in U.S. Patent No. 4,21 1,771 . The term
"anti-HIV-1 therapy" as used herein means any
anti-HIV-1 drug found useful for treating HIV-1
infections in man alone, or as part of multidrug
combination therapies, especially the HAART triple and
quadruple combination therapies. Typical suitable
known anti-HIV-1 therapies include, but are not
limited to multidrug combination therapies such as (i)
at least three anti-HIV-1 drugs selected from two
NRTIs, one Pl, a second Pl, and one NNRTI; and (ii) at
least two anti-HIV-1 drugs selected from NNRTIs and
PIs. Typical suitable HAART - multidrug combination
therapies include: (a) triple combination therapies
such as two NRTIs and one Pl ; or (b) two NRTIs and
one NNRTI ; and (c) quadruple combination therapies
such as two NRTIs , one Pl and a second Pl or one
NNRTI. In treatment of naive patients, it is preferred
to start anti-HIV-1 treatment with the triple
combination therapy; the use of two NRTIs and one Pl
is preferred unless there is intolerance to PIs. Drug
compliance is essential. The CD4+ and HIV-1-RNA plasma
levels should be monitored every 3-6 months. Should
viral load plateau, a fourth drug, e.g., one Pl or one
NNRTI could be added. See the table below wherein
typical therapies are further described:ANTI-HIV-1
MULTI DRUG COMBINATION THERAPIES A. Triple Combination
Therapies 1. Two NRTIs1 + one Pl2 2. Two NRTIs1 + one
NNRTI3 B. Quadruple Combination Therapies Two NRTIs +
one Pl + a second Pl or one NNRTI C. ALTERNATIVES: 5
Two NRTI1 One NRTI5 + one Pl2 Two PIs6 + one NRTI7 or
NNRTI3 One Pl2 + one NRTI7 + one NNRTI3 FOOTNOTES TO
TABLE 1. One of the following: zidovudine +
lamivudine; zidovudine + didanosine; stavudine +
lamivudine; stavudine + didanosine; zidovudine +
alcitabine 2. Indinavir, nelfinavir, ritonavir or
saquinavir soft gel capsules. 3. Nevirapine or
delavirdine. 4. See A-M. Vandamne et al Antiviral
Chemistry & Chemotherapy 9:187 at p. 193-197 and
Figures 1 + 2. 5. Alternative regimens are for
patients unable to take a recommended regimen because
of compliance problems or toxicity, and for those who
fail or relapse on a recommended regimen. Double
nucleoside combinations may lead to HIV-resistance and
clinical failure in many patients. 6. Most data
obtained with saquinavir and ritonavir (each 400 mg
bid). 7. Zidovudine, stavudine or didanosine. Another
embodiment of the invention provides a method of
determining if a patient has been administered the
compound of the formulathe method comprising the step
of determining if a plasma, urine, bile or fecal
sample obtained from the patient shows the presence of
a compound of structural formula IB. 



Another embodiment of the invention provides a process
for preparing a compound represented by the structural
formula IC: Formula IC or a pharmaceutically
acceptable salt, solvate or ester thereof; wherein: R1
is selected from the group consisting of R9-phenyl,
R9-pyridyl, R9-thiophenyl, R9-naphthyl, and R2 is
selected from the group consisting of H and alkyl;R3
is selected from the group consisting of H, alkyl,
alkoxyalkyl-, cycloalkyl, cycloalkylalkyl-, R9-aryl,
R9-arylalkyl-, R9-heteroaryl, and R9-
heteroarylalkyl-; or R2 and R3 together are =O,
=N(OR12) , or =N-N(R13)(R14); R4, R5, R6 and R7 are
independently selected from the group consisting of H
and alkyl; R8 is selected from the group consisting of
R is 1, 2 or 3 substituents independently selected
from the group consisting of H, halogen, alkyl,
alkoxy, -CF3, -OCF3, CH3C(O)-, -CN, CH3S(O2)-,
CF3S(O2)-, -N(R18XR19) ; R10 is selected from the
group consisting of H and alkyl; R1 1 is selected from
the group consisting of H, alkyl, fluoroalkyl-, R9-
arylalkyl-, R9-heteroaryl-, alkyl, alkyl-S(O 2)-,
cycloalkyl-S(O 2)-, fluoroalkyl- S(O2)-, R9-aryl-S(O
2)-, R9-heteroaryl-S(O 2)-, N(R18)(R19)-S(O2)-,
alkyl-C(O)-, cycloalkyl-C(O)-, fluoroalkyl-C(O)-,
R9-aryl-C(O)-, alkyl-NH-C(O)- and R9- aryl-NH-C(O)-;
R12 is H, alkyl, fluoroalkyl-, cycloalkylalkyl-,
hydroxyalkyl-, alkyl-Oalkyl-, alkyl-O-C(O)-alkyl- or
N(R18)(R19)-C(O)-alkyl-; R13 and R14 are independently
selected from the group consisting of H, alkyl and
cycloalkyl, or R13 and R14 together are
(C2-C6)alkylene and form a ring with the nitrogen atom
to which they are shown attached; R15 and R16 are
independently selected from the group consisting of
alkyl, halogen, -NR18R19, -OH, -CF3, -OCH3, -O-acyl
and -OCF3; R17 is selected from the group consisting
of R20O-, and R20R2 1N-; R18 and R19 are independently
selected from the group consisting of H and alkyl; R20
is selected from the group consisting of H, alkyl,
haloalkyl cycloalkyl, heterocyclyl, aralkyl,
alkylaryl, aryl, and heteroaryl;R2 1 is selected from
the group consisting of H, alkyl, fluoro-alkyl-, R9-
arylalkyl-, R9-heteroaryl-, alkyl, alkyl-S(O2)-,
cycloalkyl-S(O 2)-, fluoroalkyl- S(O2)-,
R9-aryl-S(O2)-, R9-heteroaryl-S(O 2)-,
N(R18)(R19)-S(O2)-, alkyl-C(O)-, cycloalkyl-C(O)-,
fluoroalkyl-C(O)-, R9-aryl-C(O)-, alkyl-NH-C(O)- and
R9-aryl-NH-C(O)-; Q and Z are independently selected
from the group consisting of CH and N; n is O, 1, 2, 3
or 4; s is 0,1 , 2, 3 or 4; and t is 1, 2, 3 or 4;
with the proviso that when n is 0, Z is CH; comprising
reacting an amine of the formula with a carboxylic
acid of formula R8COOH or an acid chloride of formula
R8C(O)CI; wherein R1-R8 are as set forth for Formula
I. In one embodiment of the above-mentioned process,
R2 is selected from the group consisting of H and
(C-i-C6)alkyl; R3 is selected from the group
consisting of H, (C-i-C6)alkyl, (Cr
Ce)alkoxy(C1-C6)alkyl-, (C3-C10)cycloalkyl,
(C3-Cio)cycloalky(C 1-C6)lalkyl-, R9-aryl, R9-aryl(C
1-C6)alkyl-, R9-heteroaryl, and
R9-heteroaryl(C-i-C6)alkyl-; or R2 and R3 together are
=O, =N(OR12 ) , or =N-N(R13)(R14) ; R4, R5, R6 and R7
are independently selected from the group consisting
of H and (CrC 6)alkyl; R8 is selected from the group
consisting ofR9 is 1, 2 or 3 substituents
independently selected from the group consisting of H,
halogen, (Ci-C 6)alkyl, (d-C 6)alkoxy, -CF3, -OCF3,
CH3C(O)-, -CN, CH3S(O2)-, CF3S(O2)-, -N(R18)(R19); R10
is selected from the group consisting of H and (CrC
6)alkyl; R11 is selected from the group consisting of
H, (Ci-C 6)alkyl, fluoro(C 1-C6)alkyl-, R9-aryl(d-C
6)alkyl-, R9-heteroaryl-, (CrC b)alkyl, (d-
C6)alkyl-S(O2)-, (C3-C6)cycloalkyl-S(O2)-, fluoro(C r
C6)alkyl-S(O2)-, R9-aryl- S(O2)-, R9-heteroaryl-S(O
2)-, N(R18)(R19)-S(O2)-, (Cr C6)alkyl-C(O)-, (C3-
C6)cycloalkyl-C(O)-, fluoro(C 1-C6)alkyl-C(O)-,
R9-aryl-C(O)-, (d-C 6)alkyl- NH-C(O)- and R9-aryl-N
H-C(O)-; R12 is H, (CrCe)alkyl, fluoro(C r C6)alkyl-,
(C3-C10)cycloalkyl(Cr 



C6)alkyl-, hydroxy(Ci-C 6)alkyl-, (Ci-C
6)alkyl-O-(C2-C6)alkyl-, (d-C 6)alkyl-OC( O)- (Cr
C6)alkyl- or N(R18)(R19)-C(O)- (d-C 6)alkyl-; R13 and
R14 are independently selected from the group
consisting of H, (d-C 6)alkyl and (C3-C10)cycioalkyi,
or R13 and R14 together are (C2- C6)alkyl and form a
ring with the nitrogen atom to which they are shown
attached; R15 and R16 are independently selected from
the group consisting of (Ci-C 6)alkyl, halogen,
-NR18R19, -OH, -CF3, -OCH3, -O-acyl and -OCF3; R17 is
selected from the group consisting of R20O and R20R2
1N-; R18 and R19 are independently selected from the
group consisting of H and (Cr C6)alkyl; R20 is
selected from the group consisting of H, (Ci-C
6)alkyl, halo(Ci- C6)alkyl, (C3-Cio)cycloalkyl,
heterocyclyl, aryl(Ci-C 6)alkyl, (d-C 6)alkylaryl,
aryl, and heteroaryl; R2 1 is selected from the group
consisting of H, (d-C6)alkyl, fluoro- (d-C 6)alkyl-,
R9-aryl(d -C6)alkyl-, R9-heteroaryl-, (d-C 6)alkyl,
(d-C 6)alkyl- S(O2)-, cyclo(C3-C6)alkyl-S(O2)-,
fluoro(d-C 6)alkyl-S(q 2)-, R9-aryl-S(O2)-,
R9-heteroaryl-S(O 2)-, N(R18)(R19)-S(O2)-, (d-C
6)alkyl-C(O)-, (C3- C6)cycloalkyl-C(O)-, fluoro(d-C
6)alkyl-C(O)-, R9-aryl-C(O)-, (Ci-C 6)alkyl- NH-C(O)-
and R9-aryl-NH-C(O)-; Q and Z are independently
selected from the group consisting of CH and N;n is O,
1, 2, 3 or 4; s is O 1, 2, 3 or 4; and t is 1, 2, 3 or
4; with the proviso that when n is 0, Z is CH. In
another embodiment of the above-mentioned process, the
reaction of the amine with the carboxylic acid or acid
chloride is conducted in the presence of one or more
amidation coupling agents, such as 1-
hydroxybenzotriazole (HOBT) and
1-(3-dimethylaminopropyl)-3-ethyl carbodiimide
hydrochloride (DEC). Another embodiment of the
invention provides the following compounds in Table 1.
Table 1 also provides the mass spectral data (HRMS)
for the compounds.TABLE 1 Table 2 below additionally
provides the activity data (IC50 in nanomolar, nM) for
the compounds listed in Table 1, as determined by the
Luciferase Replication assay detailed in a later
section of this specification.Table 2 The compounds of
the present invention, also referred to herein as the
inventive compounds, are particularly useful as a CCR5
antagonist. Compounds of the invention can be made by
procedures known in the art, or by the methods
described in the examples below. The following
preparative schemes and examples should not be
construed to limit the scope of the disclosure.
Alternative mechanistic pathways and
analogousstructures within the scope of the invention
may be apparent to those skilled in the art. The
following solvents and reagents may be referred to
herein by the abbreviations indicated: tetrahydrofuran
(THF); ethanol (EtOH); methanol (MeOH); acetic acid
(HOAc or AcOH); ethyl acetate (EtOAc);
N1Ndimethylformamide (DMF); trifluoroacetic acid
(TFA); trifluoroacetic anhydride (TFAA);
1-hydroxy-benzotriazole (HOBT); m-chloroperbenzoic
acid (MCPBA); triethylamine (Et3N); diethyl ether
(Et2q ) ; tert-butoxycarbonyl (BOC);
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU);
dimethylsulfoxide (DMSO); p-toluene sulfonic acid
(p-TSA); potassium bis(trimethylsilyl)-amide (KHMDA);
4-dimethylaminopryidine (DMAP);
N,N,N-diiospropylethylamine (DIPEA); Alloc:
allyloxycarbamate; MeCN: acetonitrile; and
1-(3-dimethyl-aminopropyl)-3-ethyl carbodiimide
hydrochloride (EDCI, DEC or EDC). RT is room
temperature. Compounds represented by the following
invention can be prepared by standard coupling
conditions of an amine and carboxylic acid (R8CO2H)
(or acid chloride, R8C(O)CI) (Scheme 1).
Representative examples are shown below.Scheme 1 EDC
HOBT Example 1 0 0 BnO. MgSO4 N 0 L LOEt BnO-NH 2
benzene OEt Ethyl acetoacetate (7.5 g, 58 mmol) and
O-Benzyl hydroxyl amine (7.1 g, 58 mmol), and MgSO4 (5
g) were taken up in benzene and stirred at 



25 0C for 24 hours. Filtration and concentration gave
the oxime.The oxime ( 1.0 g, 4.25 mmol) was taken up
in CH3CN (8 ml_) and cooled to 0 0C. SnCI 4 (4.3 ml,
1.0 M in CH2CI2) was added dropwise to the solution at
0 0C. The solution was stirred at 0 0C for one hour.
The solution was quenched with saturated Na2CO3 (aq.).
The mixture was extracted with EtOAc. The combined
organic layers were washed with brine and dried
(MgSO4). Filtration and concentration gave a colorless
oil. Purification via flash chromatography (3/1
hexanes/EtOAc, SiO2) gave 415 mg (35 %) of the enamide
as a colorless oil. The enamide (415 mg, 1.5 mmol) and
Cu(OAc)2 (400 mg) were taken up in pyridine. The
mixture was heated at 100 0C for 4 hours. The solution
was cooled and concentrated. The residue was
partitioned between EtOAc and 10% NH4OH (aq.). The
aqueous layer was extracted with EtOAc. The combined
organic layers were washed with brine and dried
(MgSO4) . Filtration and concentration gave a brown
oil. Purification via flash chromatography (9/1
hexanes/EtOAc, SIO2) gave 330 mg (80%) of the pyrazole
as a colorless oil. J  Et CO2H VN d N io a x 0 a H ne
VN V N -  Bn OBnThq ester (545 mg, 1.99 mmol) and 1 N
NaOH (aq.)Was taken up in dioxane/EtOH. The solution
was heated at 75 oC for 24 hours. The solution was
concentrated. The solution was acidified with 1 M
HCI(aq.) (pH = 2-3). The framed white precipitate was
collected and dried under high vac. The acid was
obtained as a white powder (314 mg, 64 %). 1H NMR
(CDCI3, 400 mHz) .62.07 (s, 3H), 2.46 (s, 3 H), 5.26
(s, 2 H), 7.25 - 7.37 (m, 5 H). HRMS calc'd for
C13H15O3N (MH+) 247.1083; Found: 247.1089. The
piperidine A ( see below for synthesis of A; 122 mg,
0.24 mmol), EDC (56 mg, 0.29 mmol), HOBT (40 mg, 0.29
mmol), iPr2NEt (93 mg, 0.73 mmol), and the acid (61
mg, 0.24 mmol) were taken up in CH3CN. The solution
was stirred at 25 oC for 18 hours. The solution was
concentrated. The residue was partitioned between
EtOAc and 1 N NaOH (aq.). The aqueous layer was
extracted with EtOAc. The combined EtOAc layers were
washed with brine and dried (MgSO4). Filtration and
concentration gave a yellow oil. Purification via
preparative thin-layer chromatography 15/1
CH2CI2/methanol, SiO gave the amide as a colorless oil
(166 mg, 95 %). Low-res MS (MH+) 721 .The O-benzyl
ether (135 mg, 0.19 mmol) and Pd/BaSO4 (40 mg) were
taken up in MeOH. The mixture was placed into a Parr
apparatus and charged with 10 psi H2. The mixture was
shaken at 25 0C for 30 minutes. Filtration gave a
yellow oil. Purification via preparative thin-layer
chromatography (15/1 CH2CI2/methanol, SiO2) gave 79 mg
(67 %) of Example 1 (first compound in Table 1) as a
colorless oil. m.p. (2 HCI): 214- 2 15 0C, HRMS calc'd
for C32H48O4N6FS (MH+) : 631 .3442; Found: 631 .3433.
Synthesis of Piperidine A4-Piperidine-methanol (10 g),
p-anisaldehyde (13 mL), and Na(AcO)3BH (22 g) were
taken up in CH2CI2 (250 mL) and stirred at 25 0C (19
h). The solution was diluted with CH2CI and washed
with 1 N NaOH (aq.). The aqueous layer was extracted
with CH2CI2. The combined organic layers were dried
(Na2SO4) , filtered, and concentrated which yielded a
yellow oil. The residue was taken up in Et2O and
washed with 1 M HCI (aq.). The aqueous acidic layer
was extracted with Et2O. The acidic layer was cooled
to 0 0C and made basic via addition of NaOH pellets
(pH = 10-12). The mixture was extracted with CH2CI2.
The combined organic layers were dried (Na2SO4) ,
filtered and concentrated which furnished the alcohol
(18.4 g, 90 %) as a thick oil. 



DMSO (7.2 mL) was taken up in CH2CI2 (200 mL), and the
resulting solution was cooled to -40 0C (CO2/CH3CN).
Oxalyl chloride (8.9 mL) in CH2CI2 ( 15 mL) was added
dropwise to the solution at - 40 0C (mechanical
stirrer). After the addition, the solution was stirred
at - 40 0C for 30 minutes. The alcohol (18.4 g) in
CH2CI2 (40 mL) was added to the solution at - 40 0C.
After the addition, the resulting solution was stirred
at - 40 0C for 30 minutes. Triethylamine (33 mL) was
added to the solution at - 40 0C at which time a
precipitate formed. The mixture was stirred at - 40 0C
for 15 minutes and then at 25 0C for 45 minutes. The
solution was diluted with CH2CI2 and washed with 1 N
NaOH (aq.). The aqueous layer was extracted with
CH2CI2. The combined organic layers were dried
(Na2SO4) , filtered, and concentrated which furnished
the aldehyde as a yellow oil (17.7 g, 97 %).The
aldehyde ( 11.3 g), (S)-N-Boc-methyl piperazine (9.7
g), and benzotriazole (5.7 g) were taken up in benzene
(350 mL) and heated with azeotropic removal of H2O
(Dean-Stark trap) for 4.75 h. The solution was cooled
and concentrated. The benzotriazole adduct was used as
is in the next step. The crude benzotriazole adduct
from the previous step (48 mmol) was taken up in dry
THF (200 mL). The solution was cooled to 0 0C. 3-
Fluorophenyl magnesium bromide (290 mL of a 0.5 M
solution in THF) was added to the solution at 0 0C.
The resulting brown, heterogenous solution was warmed
to 25 0C and stirred at that temperature for 5 h. The
solution was slowly quenched with 25 wt % sodium
citrate, and the mixture was concentrated on the
rotovap. The residue was partitioned between EtOAc and
25 wt % sodium citrate. The aqueous layer was
extracted with EtOAc. The combined organic layers were
washed with brine and dried (Na2SO ) . Filtration and
concentration gave a yellow oil. Purification via
flash chromatography twice ( 1st time: 2/1
hexanes/acetone, 2nd time: 4/1hexanes/acetone)
furnished 17.8 grams (72 %) of the desired piperazine
as a colorless oil. The Boc-piperazine (750 mg) and 3
ml of 4.0 M HCI in dioxane were taken up in MeOH and
stirred at 25 0C (16 h). The solution was
concentrated. The residue was partitioned between
CH2CI2 and 1 N NaOH (aq.). The aqueous layer was
extracted with CH2CI2. The combined organic layers
were dried (MgSO ) . Filtration and concentration gave
582 mg (97 %) of the piperazine as a yellow foam. The
piperazine (582 mg), N-Boc-4-piperidone (281 mg) and
p-toluene sulfonic acid (3 mg) were taken up in
toluene and heated at reflux with azeotropic removal
of H2O (Dean Stark, oil bath temp = 150 0C) for 2.5 h.
The solution was cooled and acetone cyanohydrin (0.2
ml_) was added. The solution was heated at reflux for
an additional 3 h. The solution was cooled. The
cyano-amine in toluene was used as in the next
step.MeMgBr The toluene solution of the cyano-amine
from above ( 1 .4 mmol) was diluted with THF, and
MeMgBr (2.4 ml_ of a 3.0 M solution in Et2O) was added
to the solution. The resulting solution was stirred at
25 0C for 18 h. The mixture was quenched with 25 wt %
sodium citrate. The mixture was extracted with EtOAc.
The combined organic layers were washed with brine and
dried (MgSO ) . Filtration and concentration gave 887
mg of the methylated piperidine (100 % based on the
starting piperazine in Step 6). The PMB protected
piperidine (887 mg) and JPr2NEt (0.5 ml_) were taken
up in CH2CI2. Trifluoroacetic anhydride (0.3 mL) was
added, and the solution was stirred at 25 0C for 1 h.
The solution was concentrated, and the residue was
taken up in MeOH/1 N NaOH(aq.). The solution was
heated at 75 0C for 3 h. The solution was cooled and
concentrated. The residue was partitioned between
CH2CI2 and 1 N NaOH(aq.). The aqueous layer was
extracted with CH2CI2. The combined organic layers
were dried (MgSO4) ,filtered, and concentrated which
gave the piperidine as a yellow oil. This material was
used directly in the next step. The piperidine from
Step 8 ( 1 . 46 mmol) and Et3N (0.45 ml_) were taken
up in CH2CI2 and cooled to 0 0C. Cyclopropylsulfonyl
chloride (230 mg) was added, and the resulting
solution was stirred at 25 0C (2.5 h). The solution
was diluted with CH2CI2 and washed with 1 N NaOH(aq.)-
The aqueous layer was extracted with CH2CI2. The
combined organic layers were dried (MgSO4) , filtered,
and concentrated. The residue was purified via flash
chromatography (3/1 hexanes/acetone, SiO2) which gave
693 mg (80 % from cyano-amine from Step 6) as a yellow
oil. Step 10 The Boc piperidine (693 mg) was taken up
in MeOH. 4.0 M HCI in dioxane 



was added (2. 5 mL), and the resulting solution was
stirred at 25 0C (18 h).Thq solution was concentrated.
The residue was partitioned between 1 M HCI(aq.) and
Et2O. The aqueous layer was extracted with Et2O. The
aqueous layer was cooled and basified with NaOH
pellets (pH = 10-12). The mixture was extracted with
CH2CI2. The combined CH2CI2 layers were dried (MgSO4)
, filtered, and concentrated which gave 419 mg (62 %)
of the Piperidine A as a yellow foam. The remaining
compounds of Table 1 were prepared using a similar
procedure and appropriate reagents. For preparing
pharmaceutical compositions from the compounds
described by this invention, inert, pharmaceutically
acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets,
dispersible granules, capsules, cachets and
suppositories. The powders and tablets may be
comprised of from about 5 to about 95 percent active
ingredient. Suitable solid carriers are known in the
art, e.g. magnesium carbonate, magnesium stearate,
talc, sugar or lactose. Tablets, powders, cachets and
capsules can be used as solid dosage forms suitable
for oral administration. Examples of pharmaceutically
acceptable carriers and methods of manufacture for
various compositions may be found in A. Gennaro (ed.),
Remington's Pharmaceutical Sciences, 18th Edition,
(1990), Mack Publishing Co., Easton, Pennsylvania.
Liquid form preparations include solutions,
suspensions and emulsions. An example of this
includes, but is not limited to, water or
water-propylene glycol solutions for parenteral
injection or addition of sweeteners and opacifiers for
oral solutions, suspensions and emulsions. Liquid form
preparations may also include solutions for intranasal
administration. Aerosol preparations suitable for
inhalation may include solutions and solids in powder
form, which may be in combination with a
pharmaceutically acceptable carrier, such as an inert
compressed gas, e.g. nitrogen. Also included are solid
form preparations which are intended to be converted,
shortly before use, to liquid form preparations for
either oral orparenteral administration. Such liquid
forms include solutions, suspensions and emulsions.
The compound of the invention may also be deliverable
transdermally. The transdermal compositions can take
the form of creams, lotions, aerosols and/or emulsions
and can be included in a transdermal patch of the
matrix or reservoir type as are conventional in the
art for this purpose. The compounds of the invention
may also be administered orally, intravenously,
intranasally or subcutaneously. Preferably the
compound is administered orally. Preferably, the
pharmaceutical preparation is in a unit dosage form.
In such form, the preparation is subdivided into
suitably sized unit doses containing a therapeutically
effective amount of the compound of formula IA or IB.
The quantity of active compound in a unit dose of
preparation may be varied or adjusted from about 10 mg
to about 500 mg, preferably from about 25 mg to about
300 mg, more preferably from about 50 mg to about 250
mg, and most preferably from about 55 mg to about 200
mg, according to the particular application. The
actual dosage of the inventive compound employed may
be varied depending upon the requirements of the
patient and the severity of the condition being
treated. Determination of the proper dosage regimen
for a particular situation is within the skill of the
art. For convenience, the total daily dosage may be
divided and administered in portions during the day as
required. The amount and frequency of administration
of the compounds of the invention and/or the
pharmaceutically acceptable salts thereof will be
regulated according to the judgment of the attending
clinician considering such factors as age, condition
and size of the patient as well as severity of the
symptoms being treated. A typical recommended daily
dosage regimen for oral administration can range from
about 100 mg/day to about 300 mg/day, preferably 150
mg/day to 250 mg/day, more preferably about 200
mg/day, in two to four divided doses.The doses and
dosage regimens of the NRTIs, NNRTIs, PIs and other
agents used in combination with the compounds of this
invention will be determined by the attending
clinician in view of the approved doses and 



dosage regimens in the package inserts or as set forth
in the protocols, taking into consideration the age,
sex and condition of the patient and the severity of
the condition treated. In a preferred embodiment, the
compound of the present invention can be used to treat
Human Immunodeficiency Virus by administering to a
patient in need of such treatment a therapeutically
effective amount of one or more compounds of formula
IA or IB, preferably in combination with one or more
pharmaceutically acceptable carriers. One or more,
preferably one to four, antiviral agents useful in
anti-HIV-1 therapy can be used in combination with the
compound of the present invention. The antiviral agent
or agents can be combined with one or more compounds
of the present invention in a single dosage form. The
one or more compounds of the present invention and the
antiviral agent or agents may be administered in any
order such as, for example, sequentially,
concurrently, simultaneously and the like. The amounts
of the various actives in such combination therapy may
be different amounts (dosage amounts) or same amounts
(dosage amounts). The various actives could also be
present in fixed amounts in the same dosage form,
e.g., 10 mg of a compound of claim 1 and 10 mg of an
anti-viral agent present in a single tablet. An
illustrative such "single tablet" would be, for
example, the anti-cholesterol medication VYTORIN(r)
(available from Merck Schering-Plough Pharmaceuticals,
Kenilworth, New Jersey). The antiviral agents
contemplated for use in combination with the compound
of the present invention comprise nucleoside and
nucleotide reverse transcriptase inhibitors,
non-nucleoside reverse transcriptase inhibitors,
protease inhibitors and other antiviral drugs listed
below not falling within these classifications.
Specific examples of antiviral agents include, but are
not limited to, zidovudine, lamivudine, zalcitabine,
didanosine, stavudine, abacavir, adefovir dipivoxil,
lobucavir, BCH-1 0652, emitricitabine, beta-L-FD4,
DAPD, lodenosine, nevirapine, delaviridine,efavirenz,
PNU-1 42721 , AG-1 549, MKC-442, (+)-calanolide A and
B, saquinavir, indinavir, ritonavir, nelfinavir,
lasinavir, DMP-450, BMS- 2322623, ABT-378, amprenavir,
hydroxyurea, ribavirin, IL-2, IL-12, pentafuside,
Yissum No. 11607 and AG-1 549. In particular, the
combinations known as HAART are contemplated for use
in combination with the compound of this invention.
For combination treatment with more than one active
agent, where the active agents are in separate dosage
formulations, the active agents may be administered
separately or in conjunction. In addition, the
administration of one element may be prior to,
concurrent to, or subsequent to the administration of
the other agent. Another aspect of the invention
provides a method of treating solid organ transplant
rejection, graft v. host disease, arthritis,
rheumatoid arthritis, inflammatory bowel disease,
atopic dermatitis, psoriasis, asthma, allergies or
multiple sclerosis comprising administering to a
patient in need of such treatment a therapeutically
effective amount of one or more compounds of formula
IA or IB, preferably in combination with one or more
pharmaceutically acceptable carriers. In another
embodiment, the method for treating solid organ
transplant rejection, graft v. host disease,
rheumatoid arthritis, inflammatory bowel disease or
multiple sclerosis further comprises administering one
or more other agents useful in the treatment of said
diseases in combination with one or more compounds of
formula IA or IB. Agents known in the treatment of
rheumatoid arthritis, transplant and graft v. host
disease, inflammatory bowel disease and multiple
sclerosis which can be administered in combination
with the compound of the present invention are as
follows: Solid organ transplant rejection and graft v.
host disease: immune suppressants such as cyclosporine
and lnterleukin-10 (IL-10), tacrolimus, antilymphocyte
globulin, OKT-3 antibody, and steroids; Inflammatory
bowel disease: IL-10 (see US 5,368,854), steroids and
azulfidine;Rheumatoid arthritis: methotrexate,
azathioprine, cyclophosphamide, steroids and
mycophenolate mofetil; Multiple sclerosis:
interferon-beta, interferon-alpha, and steroids.
Another aspect of the invention relates to a kit
comprising in separate containers in a single package
pharmaceutical composition for use in combination to
treat Human Immunodeficiency Virus. In one 



container, a pharmaceutical composition comprises one
or more compounds of formula IA or IB in one or more
pharmaceutically acceptable carriers, and in separate
containers, one or more pharmaceutical compositions
comprising an effective amount of one or more
antiviral agents or other agents useful in the
treatment of Human Immunodeficiency Virus in one or
more pharmaceutically acceptable carriers. The goal of
the HIV-1 therapy of the present invention is to
reduce the HIV-1-RNA viral load below the detectable
limit. The "detectable limit of HIV-1-RNA" in the
context of the present invention means that there are
fewer than about 200 to fewer than about 50 copies of
HIV-1-RNA per ml of plasma of the patient as measured
by quantitative, multi-cycle reverse transcriptase PCR
methodology. HIV-1-RNA is preferably measured in the
present invention by the methodology of Amplicor - 1
Monitor 1.5 (available from Roche Diagnostics) or of
Nuclisens HIV-1 QT - 1. Assays useful for determining
the CCR5 antagonistic activity as well as the HIV
replication inhibitory activity are described in
detail in patent application, Serial No. IN01481 K.
The following assays were used to determine the CCR5
antagonistic activity and the HIV replication
inhibitory activity of the compounds of the invention.
Chemotaxis Assay : The chemotaxis assay is a
functional assay which characterizes the agonist vs.
antagonist properties of the test compounds. The assay
measures the ability of a non-adherent murine cell
line expressing human CCR5 (BaF-550) to migrate across
a membrane in response to either test compounds or
natural ligands (i.e., RANTES, MIP- 1b). Cells migrate
across the permeable membrane towards compounds with
agonist activity. Compounds that are antagonists not
only fail to induce chemotaxis, but are also capable
of inhibiting cell migration in response toknown CCR5
ligands. The activity of the inventive compounds was
also measured by the Chemitaxis assay. Chemotaxis
Assay procedure : Ba/F3-hCCR5 clone 550 (a.k.a. B550)
cells were cultured in RPMI-1640 supplemented with 10
% fetal bovine serum (FBS), 1 X Pen-Strep, 1 X
Glutamax, 1 X HEPES, 1 X 2- mercaptoethanol, and mlL-3
at 1mg/L. All tissue culture reagents were obtained
from Invitrogen (Carlsbad, California), unless
otherwise specified. FBS was obtained from Gemini
Bio-Products, Woodland, California. Mouse IL-3 was
obtained from R and D Systems, Minneapolis, Minnesota.
Human MIP-1 b(hMIP-1 b) was purchased from R and D
Systems and was used at a final concentration of 1 nM
in the assay. The compounds were reconstituted in DMSO
and diluted in the chemotaxis assay medium, from 0.1
nM to 1000 nM (final concentrations). For assay, the
cells were washed twice in plain RPMI 1640 medium, and
then resuspended at the appropriate concentration in
the assay medium. The assay medium consisted 10% Ba/F3
media in RPMI 1640. The final density of cells for the
assay was approximately cells at 2.5 x 106 per ml.
Chemotaxis was performed using the 96-well ChemoTx
system(r) with 5 micron filter pore size (NeuroProbe,
Inc., Gaithersburg, Maryland, Cat. #: 101-5). The
compounds were used in an antagonist chemotaxis setup
according to the manufacturer's instructions. Briefly,
each compound was mixed with hMIP-1 b and
approximately 29 ml of the mixture was placed in the
bottom well of the 96-well ChemoTx system. The filter
screen was placed on top and 25 ml of cells mixed with
the appropriate concentration of compound was placed
on the filter. The assembled plates were incubated for
2 hours at 370C in a humidified chamber. After
incubation the cells were scraped off and the plate
system is centrifuged for 5 minutes at 1000 rpm in an
IEC Centra-8R centrifuge. The filter screen was
removed and the ChemoTx plate was inverted onto a 96
well plated with a funnel plate. The plate system was
centrifuged for 5 minutes at 1000 pm. The volume in
the wells was brought to 100 ml with medium and the
plates were rested for approximately 20 minutes. The
number of migrating cells was measuredusing the Cell
Titer GIo Luminescent Assay from Promega (Madison,
Wisconsin), and the TROPIX TR717 Microplate
Luminometer (PE Applied Biosystems, Boston,
Massachusetts)) by following the manufacturer's
instructions. Luciferase Replication Assay : Plasmids
encoding the full length genome of HIV-1 pNL-4-Luc
with the gp 120 V-3 loop replaced by the BgI Il
fragment of HIV-1 ADA, YU-2 or HxB (ADA-Luc-FL,
YU-2-Luc-FL and HxB-Luc-FL) were obtained from Dr. 



Susan Pontow (Washington University, St. Louis MO).
Replicationcompetent luciferase reporter virus stocks
were generated by transfection of plasmids into 293T
cells using Superfect (Qiagen) or Mirus transfection
reagents. Viral stocks were collected 48 hours
following transfection and titered for luciferase
production on U-87-CCR5 or CXCR4 cells. U87-CD4- CCR5
cells (104/well) were plated in 96-well cell culture
plates and incubated overnight. Media was removed and
replaced with 50 ml of fresh culture media (DMEM, 10%
FCS) and 50 ml of compound diluted in culture medium.
Cells were incubated with compound at 37C for 1 hour.
The resultant supernatant was removed and replaced
with 20 ml of media containing compound and infected
with an equal volume of diluted or undiluted virus
stock at 37 0C for 3-4 hours. The cells were washed
once with DMEM, and 200 ml of media containing
compound was added. The cultures were incubated for 3
days, the cells lysed in luciferase lysis buffer
(Promega, Madison, Wl) and transferred to lmmulon
plates (Dynex Technologies, Chantilly VA). An equal
volume of luciferase substrate (Promega, Madison Wl)
was added to lysates and the plates read immediately
in a Wallac Luminometer. Fifty and ninety percent
inhibitory concentrations were determined using
GraphPad PRISM software. While the present invention
has been described in conjunction with the specific
embodiments set forth above, many alternatives,
modifications and variations thereof will be apparent
to those of ordinary skill in the art. All such
alternatives, modifications and variations are
intended to fall within the spirit and scope of the
present invention.CLAIMS What is claimed is: 1. A
compound represented by the structural formula IA:
Formula IA or a pharmaceutically acceptable salt,
solvate or ester thereof; wherein: R1 is selected from
the group consisting of R9-phenyl, R9-pyridyl,
R9-thiophenyl, R9-naphthyl, and R2 is selected from
the group consisting of H and alkyl; R3 is selected
from the group consisting of H, alkyl, alkoxyalkyl-,
cycloalkyl, cycloalkylalkyl-, R9-aryl, R9-arylalkyl-,
R9-heteroaryl, and R9- heteroarylalkyl-; or R2 and R3
together are =0, =N(OR12) , or =N-N(R13)(R14) ; R4,
R5, R6 and R7 are independently selected from the
group consisting of H and alkyl; R8 is selected from
the group consisting of R9 is 1, 2 or 3 substituents
independently selected from the group consisting of H,
halogen, alkyl, alkoxy, -CF3, -OCF3, CH3C(O)-, -CN,
CH3S(O2)-, CF3S(O2)-, -N(R18XR19) ;R10 is selected
from the group consisting of H and alkyl; R11 is
selected from the group consisting of H, alkyl,
fluoroalkyl-, R9- arylalkyl-, R9-heteroaryl-, alkyl,
alkyl-S(O2)-, cycloalkyl-S(O 2)-, fluoroalkyl- S(O2)-,
R9-aryl-S(O 2)-, R9-heteroaryl-S(O 2)-,
N(R18)(R19)-S(O2)-, alkyl-C(O)-, cycloalkyl-C(O)-,
fluoroalkyl-C(O)-, R9-aryl-C(O)-, alkyl-NH-C(O)- and
R9- aryl-NH-C(O)-; R12 is H, alkyl, fluoroalkyl-,
cycloalkylalkyl-, hydroxyalkyl-, alkyl-Oalkyl-,
alkyl-O-C(O)-alkyl- or N(R18)(R19)-C(O)-alkyl-; R13
and R14 are independently selected from the group
consisting of H, alkyl and cycloalkyl, or R13 and R14
together are (C2-C6)alkylene and form a ring with the
nitrogen atom to which they are shown attached; R15
and R16 are independently selected from the group
consisting of alkyl, halogen, -NR18R19 , -OH, -CF3,
-OCH3, -O-acyl and -OCF3; R17 is selected from the
group consisting of R20O-, H2N- and R20R2 1N-; R18 and
R19 are independently selected from the group
consisting of H and alkyl; R20 is selected from the
group consisting of alkyl, haloalkyl cycloalkyl,
heterocyclyl, aralkyl, alkylaryl, aryl, and
heteroaryl; R2 1 is selected from the group consisting
of H, alkyl, fluoro-alkyl-, R9- arylalkyl-,
R9-heteroaryl~, alkyl, alkyl-S(O2)-, cycloalkyl-S(O
2)-, fluoroalkyl- S(O2)-, R9-aryl-S(O 2)-,
R9-heteroaryl-S(O 2)-, N(R18)(R19)-S(O2)-,
alkyl-C(O)-, cycloalkyl-C(O)-, fluoroalkyl-C(O)-,
R9-aryl-C(O)-, alkyl-NH-C(O)- and R9-aryl-N H-C(O)-; Q
and Z are independently selected from the group
consisting of CH and N; 



n is 0, 1, 2, 3 or 4; s is 0,1 , 2, 3 or 4; and t is
1, 2, 3 or 4; with the proviso that when n is O, Z is
CH. 2. The compound of claim 1, wherein: R2 is
selected from the group consisting of H and (CrC
6)alkyl;R3 is selected from the group consisting of H,
(C-|-C6)alkyl, (Cr C6)alkoxy(CrC 6)alkyl-,
(C3-C10)cycloalkyl, (C3-Ci 0)cycloalky(Ci-C 6)lalkyl-,
R9-aryl, R9-aryl(C 1-C6)alkyl- R9-heteroaryl, and
R9-heteroaryl(CrC 6)alkyl-; or R2 and R3 together are
=O, =N(OR12) , or =N-N(R 13)(R14) ; R4, R5, R6 and R7
are independently selected from the group consisting
of H and (Ci-C 6)alkyl; R8 is selected from the group
consisting of R9 is 1, 2 or 3 substituents
independently selected from the group consisting of H,
halogen, (Ci-C 6)alkyl, (CrC Jalkoxy, -CF3, -OCF3,
CH3C(O)-, -CN, CH3S(O2)-, CF3S(O2)-, -N(R18)(R19) ;
R10 is selected from the group consisting of H and
(CrC b)alkyl; R11 is selected from the group
consisting of H, (CrC Jalkyl, fluoro(CrC 6)alkyl-,
R9-aryl(CrC 6)alkyl-, R9-heteroaryl-, (Ci-C 6)alkyl,
(C1- C6)alkyl-S(O2)-, (C3-C6)cycloalkyl-S(O 2)-,
fluoro(C r C6)alkyl-S(O 2)-, R9-aryl- S(O2)-,
R9-heteroaryl-S(O 2)-, N(R18)(R19)-S(O2)-, (Ci-C
b)alkyl-C(O)-, (C3- C6)cycloalkyl-C(O)-, fluoro(C
1-C6)alkyl-C(O)-, R9-aryl-C(O)-, (Cr Cb)alkyl-
NH-C(O)- and R9-aryl-NH-C(O)-; R12 is H, (Ci-C
6)alkyl, fluoro(C 1-C6)alkyl-, (C3-C10)cycloalkyl(C 1-
C6)alkyl-, hydroxy(CrC 6)aIkyl-, (CrC 6)alkyl-O-(C
2-C6)alkyl-, (Cr C6)alkyl-OC( O)- (Ct Cb)alkyl- or
N(R18)(R19)-C(O)- (Cr C6)alkyl-; R13 and R14 are
independently selected from the group consisting of H,
(Ci-C b)alkyl and (C3-Ci 0)cycloalkyl, or R13 and R14
together are (C2- C jalkyl and form a ring with the
nitrogen atom to which they are shown attached; R15
and R16 are independently selected from the group
consisting of (Ci-C 6)alkyl, halogen, -NR18R19, -OH,
-CF3, -OCH3, -O-acyl and -OCF3; R17 is selected from
the group consisting of R20O-, H2N- and R20R2 1N-;R18
and R19 are independently selected from the group
consisting of H and (Ci-C b)alkyl; R20 is selected
from the group consisting of (CrC 6)alkyl, halo(Ci-
C6)alkyl, (C3-Cio)cycloalkyl, heterocyclyl, aryl(CrC
6)alkyl, (CrC 6)alkylaryl, aryl, and heteroaryl; R2 1
is selected from the group consisting of H, (CrC
6)alkyl, fluoro- (Ci-C 6)alkyl-, R9-aryl(C 1-C6)alkyl-
R9-heteroaryl-, (Cr C6)alkyl, (Cr C6)alkyl- S(O2)-,
cyclo(C3-C6)alkyl-S(O2)-, fluoro(Ci-C 6)alkyl-S(O2)-,
R9-aryl-S(O2)-, R9-heteroaryl-S(O 2)-,
N(R18)(R19)-S(O2)-, (Ci-C 6)alkyl-C(O)-, (C3-
C6)cycloalkyl-C(O)-, fluoro(C 1-C6)alkyl-C(O)-
R9-aryl-C(O)-, (C1-C6)alkyl- NH-C(O)- and R9-aryl-N
H-C(O)-; Q and Z are independently selected from the
group consisting of CH and N; n is 0, 1, 2, 3 or 4; s
is 0, 1, 2, 3 or 4; and t is 1, 2, 3 or 4; with the
proviso that when n is 0, Z is CH. 3. A compound in
isolated and purified form, said compound represented
by the structural formula IB: Formula IB or a
pharmaceutically acceptable salt, solvate or ester
thereof; wherein: R1 is selected from the group
consisting of R9-phenyl, R9-pyridyl, R9-thiophenyl,
R9-naphthyl, andR2 is selected from the group
consisting of H and alkyl; R3 is selected from the
group consisting of H, alkyl, alkoxyalkyl-,
cycloalkyl, cycloalkylalkyl-, R9-aryl, R9-arylalkyl-,
R9-heteroaryl, and R9- heteroarylalkyl-; or R2 and R3
together are =O, =NOR12 , or =N-N(R13)(R14); R4, R5,
R6 and R7 are independently selected from the group
consisting of H and alkyl; R8 is selected from the
group consisting of R9 is 1, 2 or 3 substituents
independently selected from the group consisting of H,
halogen, alkyl, alkoxy, -CF3, -OCF3, CH3C(O)-, -CN,
CH3S(O2)-, CF3S(O2)-, -N(R18XR19) ; R10 is selected
from the group consisting of H and alkyl; 



R1 1 is selected from the group consisting of H,
alkyl, fluoroalkyl-, R9- arylalkyl-, R9-heteroaryl-,
alkyl, alkyl-S(O2)-, cycloalkyl-S(O2)-, fluoroalkyl-
S(O2)-, R9-aryl-S(O 2)-, R9-heteroaryl-S(O 2)-,
N(R18)(R19)-S(O2)-, alkyl-C(O)-, cycloalkyl-C(O)-,
fluoroalkyl-C(O)-, R9-aryl-C(O)-, alkyl-NH- C(O)- and
R9- aryl-NH-C(O)-; R12 is H, alkyl, fluoroalkyl-,
cycloalkylalkyl-, hydroxyalkyl-, alkyl-Oalkyl-,
alkyl-O-C(O)-alkyl- or N(R17)(R18)-C(O)-alkyl-; R13
and R14 are independently selected from the group
consisting of H, alkyl and cycloalkyl, or R13 and R14
together are (C2-C6)alkyl and form a ring with the
nitrogen atom to which they are shown attached; R15
and R16 are independently selected from the group
consisting of alkyl, halogen, -NR17R18 , -OH, -CF3,
-OCH3, -O-acyl and -OCF3; R17 and R18 are
independently selected from the group consisting of H
and alkyl; Q and Z are independently selected from the
group consisting of CH and N; n is O, 1, 2, 3 or 4;s
is 0, 1, 2, 3 or 4; and t is 1, 2, 3 or 4; with the
proviso that when n is 0, Z is CH. 4. The compound of
claim 3, wherein: R2 is selected from the group
consisting of H and (Ci-C 6)alkyl; R3 is selected from
the group consisting of H, (CrC 6)alkyl, (Cr
C6)alkoxy(Ci-C 6)alkyl-, (C3-C10)cycloalkyl,
(C3-C1o)cycloalky(C1-C6)lalkyl- R9-aryl, R9-aryl(CrC
6)alkyl-, R9-heteroaryl, and R9-heteroaryl(d-C
6)alkyl-; or R2 and R3 together are =O, =N(OR12) , or
=N-N(R13)(R14) ; R4, R5, R6 and R7 are independently
selected from the group consisting of H and (CrC
6)alkyl; R8 is selected from the group consisting of
R9 is 1, 2 or 3 substituents independently selected
from the group consisting of H, halogen, (CrC 6)alkyl,
(Ci-C b)alkoxy, -CF3, -OCF3, CH3C(O)-, -CN, CH3S(O2)-,
CF3S(O2)-, -N(R18)(R19); R10 is selected from the
group consisting of H and (Ci-C 6)alkyl; R11 is
selected from the group consisting of H, (CrC 6)alkyl,
fluoro(C r C6)alkyl-, R^aryKCrC^alkyl-,
R9-heteroaryl-, (CrC 6)alkyl, (Cr C6)alkyl-S(O 2)-,
(C3-C6)cycloalkyl-S(O 2)-, fluoro(C r C6)alkyl-S(O
2)-, R9-aryl- S(O2)-, R9-heteroaryl-S(O 2)-,
N(R17)(R18)-S(O2)-, (CrC 6)alkyl-C(O)-, (C3-
Ce)cycloalkyl-C(O)-, fluoro(Ci-C 6)alkyl-C(O)-,
R9-aryl-C(O)-, (C-,-C6)alkyl- NH-C(O)- and
R9-aryl-NH-C(O)-; R12 is H, (CrCeJalkyl, fluoro(C
1-C6)alkyl-, (C3-Cio)cycloalkyl(Cr C6)alkyl-,
hydroxy(C 1-C6)alkyl-, (Cr C6)alkyl-OC( O)-
(CrCeJalkyl- or N(R17)(R18)-C(O)- (Cr C6)alkyl-; R13
and R14 are independently selected from the group
consisting of H, (Ci-C 6)alkyl and (C3-Ci
0)cycloalkyl, or R13 and R14 together are (C2-C6)alkyl
and form a ring with the nitrogen atom to which they
are shown attached; R15 and R16 are independently
selected from the group consisting of (Ci-C 6)alkyl,
halogen, -NR17R18, -OH, -CF3, -OCH3, -O-acyl and
-OCF3; R17 and R18 are independently selected from the
group consisting of H and (Ci-C b)alkyl; Q and Z are
independently selected from the group consisting of CH
and N; n is O, 1, 2, 3 or 4; s is 0, 1, 2 , 3 or 4;
and t is 1, 2, 3 or 4; with the proviso that when n is
0, Z is CH. 5. The compound of claims 1-4, wherein R1
is R9-phenyl. 6. The compound of claims 1-4, wherein
R1 is 7. The compound of claim 6, wherein in Z is CH,
and Q is N. 8. The compound of claims 1-7, wherein R2
is hydrogen and R3 is selected from the group
consisting of (C1-C6)alkyl, (CrC 6)alkoxy(Ci-
C6)alkyl-, and R9-aryl. 9. The compound of claims 1-2,
wherein said compound is or a pharmaceutically
acceptable salt or solvate thereof. 10. The compound
of claims 3-4, selected from the group consisting ofor
a pharamaceutically acceptable salt, ester or solvate
thereof. 11. A pharmaceutical composition comprising a
therapeutically effective amount of at least one
compound of claims 1-10 in combination 



with at least one pharmaceutically acceptable carrier.
12. The pharmaceutical composition of claim 11,
additionally comprising one or more anti-viral agents
useful in the treatment of Human Immuno-deficiency
Virus. 13. The pharmaceutical composition of claim 12,
wherein said antiviral agent is selected from the
group consisting of nucleoside reverse transcriptase
inhibitors, non-nucleoside reverse transcriptase
inhibitors and protease inhibitors. 14. The
pharmaceutical composition of claim 13 wherein said
antiviral agent is selected from the group consisting
of zidovudine, lamivudine, zalcitabine, didanosine,
stavudine, abacavir, adefovir dipivoxil, lobucavir,
BCH-10652, emitricitabine, beta-L-FD4, DAPD,
lodenosine, nevirapine, delaviridine, efavirenz, PNU-1
42721 , AG-1549, MKC-442, (+)-calanolide A and B,
saquinavir, indinavir, ritonavir, nelfinavir,
lasinavir, DMP-450, BMS-2322623, ABT-378, amprenavir,
hydroxyurea, ribavirin, IL- 2, IL-12, pentafuside,
Yissum No. 11607 and AG-1549. 15. The pharmaceutical
composition of claim 12, wherein said at least one
compound of claim 1 and said one or more anti-viral
agents are present in different dosage amounts or in
fixed dosage amounts. 16. A method of inhibiting the
replication of Human Immunodeficiency Virus, said
method comprising administering to a patient in need
of such treatment a therapeutically effective amount
of one or more compounds according to claims 1-10. 17.
The method of claim 16, wherein said administration is
oral, intravenous or subcutaneous. 18. The method of
claim 16, further comprising administering one or more
antiviral agents useful in the treatment of Human
Immuno-deficiency Virus. 19. The method of claim 18,
wherein said antiviral agent is selected from the
group consisting of nucleoside reverse transcriptase
inhibitors, non-nucleoside reverse transcriptase
inhibitors and protease inhibitors. 20. A method of
inhibiting the replication of Human Immunodeficiency
Virus, said method comprising administering to a
patient in need of such treatment a therapeutically
effective amount of the pharmaceutical composition of
claim 12. 2 1. A kit comprising in separate containers
in a single package pharmaceutical compositions for
use in combination to treat Human Immunodeficiency
Virus which comprises in one container a
pharmaceutical composition comprising at least one
compound of claims 1-10, in one or more
pharmaceutically acceptable carriers, and in a
separate container, one or more pharmaceutical
compositions comprising one or more antiviral agents
useful in the treatment of Human Immunodeficiency
Virus in one or more pharmaceutically acceptable
carriers.22. A method of determining if a patient has
been administered the compound of the formula the
method comprising the step of determining if a plasma,
urine, bile or fecal sample obtained from the patient
shows the presence of a compound of claim 3 or 4. 23.
A process for preparing a compound represented by the
structural formula IC: Formula IC or a
pharmaceutically acceptable salt, solvate or ester
thereof; wherein: R1 is selected from the group
consisting of R9-phenyl, R9-pyridyl, R9-thiophenyl,
R9-naphthyl, andR2 is selected from the group
consisting of H and alkyl; R3 is selected from the
group consisting of H, alkyl, alkoxyalkyl-,
cycloalkyl, cycloalkylalkyl-, R9-aryl, R9-arylalkyl-,
R9-heteroaryl, and R9- heteroarylalkyl-; or R2 and R3
together are =0, =N(OR12), or =N-N(R13)(R14) ; R4, R5,
R6 and R7 are independently selected from the group
consisting of H and alkyl; R8 is selected from the
group consisting of R9 is 1, 2 or 3 substituents
independently selected from the group consisting of H,
halogen, alkyl, alkoxy, -CF3, -OCF3, CH3C(O)-, -CN,
CH3S(O2)-, CF3S(O2)-, -N(R18XR19) ; R10 is selected
from the group consisting of H and alkyl; R1 1 is
selected from the group consisting of H, alkyl,
fluoroalkyl-, R9- arylalkyh R9-heteroaryl-, alkyl,
alkyl-S(O2)-, cycloalkyl-S(O 2)-, fluoroalkyl- S(O2)-,
R9-aryl-S(O 2)-, R9-heteroaryl-S(O 2)-,
N(R18)(R19)-S(O2)-, alkyl-C(O)-, 



cycloalkyl-C(O)-, fluoroalkyl-C(O)-, R9-aryl-C(O)-,
alkyl-NH-C(O)- and R9- aryl-NH-C(O)-; R12 is H, alkyl,
fluoroalkyl-, cycloalkylalkyl-, hydroxyalkyl-,
alkyl-Oalkyl-, alkyl-O-C(O)-alkyl- or
N(R18)(R19)-C(O)-alkyl-; R13 and R14 are independently
selected from the group consisting of H, alkyl and
cycloalkyl, or R13 and R14 together are
(C2-C6)alkylene and form a ring with the nitrogen atom
to which they are shown attached; R15 and R16 are
independently selected from the group consisting of
alkyl, halogen, -NR18R19, -OH, -CF3, -OCH3, -O-acyl
and -OCF3; R17 is selected from the group consisting
of R20O- and R20R2 1N-; R18 and R19 are independently
selected from the group consisting of H and alkyl;R20
is selected from the group consisting of H, alkyl,
haloalkyl cycloalkyl, heterocyclyl, aralkyl,
alkylaryl, aryl, and heteroaryl; R21 is selected from
the group consisting of H, alkyl, fluoro-alkyl-, R9-
arylalkyl-, R9-heteroaryl-, alkyl, alkyl-S(O2)-,
cycloalkyl-S(O 2)-, fluoroalkyl- S(O2)-,
R9-aryl-S(O2)-, R9-heteroaryl-S(O 2)-,
N(R18)(R19)-S(O2)-, alkyl-C(O)-, cycloalkyl-C(O)-,
fluoroalkyl-C(O)-, R9-aryl-C(O)-, alkyl-NH-C(O)- and
R9-aryl-NH-C(O)-; Q and Z are independently selected
from the group consisting of CH and N; n is O, 1, 2, 3
or 4; s is 0,1 , 2, 3 or 4; and t is 1, 2, 3 or 4;
with the proviso that when n is 0, Z is CH; comprising
reacting an amine of the formula with a carboxylic
acid of formula R8COOH or an acid chloride of formula
R8C(O)CI; wherein R1-R8 are as set forth for Formula
I. 24. The process of claim 23, wherein: R2 is
selected from the group consisting of H and (Ci-C
)alkyl; R3 is selected from the group consisting of H,
(Ci-C 6)alkyl, (Cr C6)alkoxy(CrC 6)alkyl-,
(C3-C10)cycloalkyl, (C3-C10)cycloalky(C 1-C6)lalkyl-,
R9-aryl, R9-aryl(Ct-C 6)alkyl-, R9-heteroaryl, and
R9-heteroaryl(d-C 6)alkyl-; or R2 and R3 together are
=O, =N(OR12), or =N-N(R13)(R14) ; R4, R5, R6 and R7
are independently selected from the group consisting
of H and (Ci-Ce)alkyl; R8 is selected from the group
consisting ofR9 is 1, 2 or 3 substituents
independently selected from the group consisting of H,
halogen, (CrC 6)alkyl, (Ci-Ce)alkoxy, -CF3, -OCF3,
CH3C(O)-, -CN, CH3S(O2)-, CF3S(O2)-, -N(R18)(R19) ;
R10 is selected from the group consisting of H and
(Ci-Ce)alkyl; R11 is selected from the group
consisting of H, (Ci-C 6)alkyl, fluoro(C 1-C6)alkyl-,
R9-aryl(Ci-C 6)alkyl-, R9-heteroaryl-, (Ci-C b)alkyl,
(C C6)alkyl-S(O 2)-, (C3-C6)cycloalkyl-S(O 2)-,
fluoro(Ci-C 6)alkyl-S(O2)-, R9-aryl- S(O2)-,
R9-heteroaryl-S(O 2)-, N(R18)(R19)-S(O2)-, (Cr
C6)alkyl-C(O)-, (C3- C6)cycloalkyl-C(O)-, fluoro(C
1-C6)alkyl-C(O)- R9-aryl-C(O)-, (Cr C6)alkyl- NH-C(O)-
and R9-aryl-N H-C(O)-; R12 is H, (Cr C6)alkyl,
fluoro(Ci-C 6)alkyl-, (C3-C10)cycloalkyl(Cr C6)alkyl-,
hydroxy(C r C6)alkyl-, (CrC 6)alkyl-O-(C 2-C6)alkyl-,
(d-C 6)alkyl-OC( O)- (C1-C6)alkyl- or
N(R18)(R19)-C(O)- (Cr C6)alkyl-; R13 and R14 are
independently selected from the group consisting of H,
(Cr C6)alkyl and (C3-C10)cycloalkyl, or R13 and R14
together are (C2- C6)alkyl and form a ring with the
nitrogen atom to which they are shown attached; R15
and R16 are independently selected from the group
consisting of (C-,-C6)alkyl, halogen, -NR18R19, -OH,
-CF3, -OCH3, -O-acyl and -OCF3; R17 is selected from
the group consisting of R20O- and R20R2 1N-; R18 and
R19 are independently selected from the group
consisting of H and (Ci-C 6)alkyl; R20 is selected
from the group consisting of H, (Ci-C 6)alkyl, halo(C
r C6)alkyl, (C3-Ci 0)cycloalkyl, heterocyclyl,
aryl(Ci-C 6)aIkyl, (Ci-C 6)alkylaryl, aryl, and
heteroaryl; R2 1 is selected from the group consisting
of H, (Ci-C 6)alkyl, fluoro- (CrCe)alkyl-, R9-aryl(CrC
6)alkyl-, R9-heteroaryl-, (d-CeJalkyl, (Ci-C 6)alkyl-
S(O2)-, cyclo(C3-C6)alkyl-S(O2)-, fluoro(C r
C6)aIkyl-S(O2)-, R9-aryl-S(O 2)-, R9-heteroaryl-S(O
2)-, N(R18)(R19)-S(O2)-, (Cr C6)alkyl-C(O)-,
(C3-C6)cycloalkyl-C(O)-, fluoro(Ci-C 6)alkyl-C(O)-,
R9-aryl-C(O)-, (Cr C6)alkyl-NH -C(O)- and
R9-aryl-NH-C(O)-; Q and Z are independently selected
from the group consisting of CH 



and N; n is O 1, 2, 3 or 4; s is 0, 1, 2, 3 or 4; and
t is 1, 2, 3 or 4; with the proviso that when n is 0,
Z is CH. 25. The process of claims 22-23, wherein the
reaction of the amine with the carboxylic acid or acid
chloride is conducted in the presence of one or more
amidation coupling agents. 26. The process of claim
24, wherein said amidation coupling agents comprise
1-hydroxybenzotriazole (HOBT) and 1-(3-
dimethylaminopropyl)-3-ethyl carbodiimide
hydrochloride (DEC). 


