
MITOTIC KINESIN INHIBITORS AND METHODS OF USE THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims priority to U.S. Provisional
Application Serial No. 60/676,890, filed May 2, 2005,
which is incorporated herein by reference in its
entirety. BACKGROUND OF THE INVENTION [0002] Field of
the Invention [0003] This invention relates to novel
inhibitors of mitotic kinesins, in particular the
mitotic kinesin KSP, and pharmaceutical compositions
containing the inhibitors. The compounds of this
invention are useful for the treatment of cellular
proliferative diseases, for example cancer,
hyperplasias, restenosis, cardiac hypertrophy, immune
disorders, fungal infections and inflammation. This
invention also provides methods for preparing these
inhibitors. [0004] Description of the state of the art
[0005] Among the therapeutic agents used to treat
cancer are the taxanes and vinca alkaloids, which act
on microtubules. Microtubules are the primary
structural elements of the mitotic spindle, which is
responsible for distribution of replicate copies of
the genome to each of the two daughter cells that
result from cell division. It is presumed that
disruption of the mitotic spindle by these drugs
results in inhibition of cancer cell division and
induction of cancer cell death. However, microtubules
form other types of cellular structures, including
tracks for intracellular transport in nerve processes.
Because drugs such as taxanes and vinca alkaloids do
not specifically target mitotic spindles, they have
side effects that limit their usefulness. [0006]
Improvements in the specificity of agents used to
treat cancer is of considerable interest, in part
because of the improved therapeutic benefits which
would be realized if the side effects associated with
administration of these agents could be reduced.
Traditionally, dramatic improvements in the treatment
of cancer have been associated with identification of
therapeutic agents acting through novel mechanisms.
Examples include not only the taxanes, but also the
camptothecin class of topoisomerase I inhibitors. From
both of these perspectives, mitotic kinesins are
attractive targets for new anti-cancer agents. [0007]
Mitotic kinesins are enzymes essential for assembly
and function of the mitotic spindle, but are not
generally part of other microtubule structures such as
nerve processes. Mitotic kinesins play essential roles
during all phases of mitosis. These enzymes are
"molecular motors" that transform energy released by
hydrolysis of ATP into mechanicalforce which drives
the directional movement of cellular cargoes along
microtubules. The catalytic domain sufficient for this
task is a compact structure of approximately 340 amino
acids. During mitosis, kinesins organize microtubules
into the bipolar structure that is the mitotic
spindle. Kinesins mediate movement of chromosomes
along spindle microtubules, as well as structural
changes in the mitotic spindle associated with
specific phases of mitosis. Experimental perturbation
of mitotic kinesin function causes malformation or
dysfunction of the mitotic spindle, frequently
resulting in cell cycle arrest and cell death. [0008]
Among the identified mitotic kinesins is kinesin
spindle protein (KSP). KSP belongs to an
evolutionarily conserved kinesin subfamily of plus
end-directed microtubule motors that assemble into
bipolar homotetramers consisting of antiparallel
homodimers. During mitosis, KSP associates with
microtubules of the mitotic spindle. Microinjection of
antibodies directed against KSP into human cells
prevents spindle pole separation during prometaphase,
giving rise to monopolar spindles and causing mitotic
arrest and induction of programmed cell death. KSP and
related kinesins in other non-human organisms bundle
antiparallel microtubules and slide them relative to
one another, thus forcing the spindle poles apart. KSP
may also mediate in anaphase B spindle elongation and
focusing of microtubules at the spindle pole. [0009]
Human KSP or HsEg5 has been described (Blangy, et al,
Cell, 83:1 159-69 (1995); Whitehead, et al., Arthritis
Rheum., 39:1635-42 (1996); Galtio, et al., J. Cell
Biol, 135:339-414 (1996); Blangy, et al., J. Bio.
Chem., 272:19418-24 (1997); Blangy, et al., Cell Motil
Cytoskeleton, 40:174-82 (1998); Whitehead and Rattner,
J Cell ScI, 111:2551-61 (1998); Kaiser, et al., JBC
274:18925-31 (1999); GenBank accession numbers:
X85137, NM004523 and U37426), and a fragment of the KP
gene (TRIP5) has been described (Lee, et al., MoI.
Endocrinol, 9:243-54 (1995); GenBank accession number
L40372). Xenopus KSP homologs (Eg5), as well as
Drosophilia K-LP61 F/KRP 130 have been reported.
[0010] Small molecule inhibitors of KSP have recently
been described in WO 03/079,973 and WO 2005/035512.
[0011] Mitotic kinesins are therefore attractive
targets for the discovery and development of novel
mitotic chemotherapeutics. SUMMARY OF THE INVENTION
[0012] This invention provides novel compounds that
inhibit mitotic kinesins, in particular the mitotic
kinesin KSP. The compounds of this invention have
utility as therapeutic agents for diseases that can be
treated by the inhibition of the assembly and function
of microtubule structures, including the mitotic
spindle.[0013] In general, the invention relates to
kinesin inhibitors of the general Formula I : I [0014]
and metabolites, solvates, tautomers, and
pharmaceutically acceptable salts and prodrugs
thereof, wherein W, Ar 1, Ar2, R1 and R4 are as
defined below. [0015] In a further aspect the present
invention provides methods of modulating mitotic
spindle formation, which comprises administering to a
warm-blooded animal an effective amount of a compound
of Formula I , or a solvate, pharmaceutically
acceptable salt or pharmaceutically acceptable prodrug
thereof. [0016] In a further aspect the present
invention provides a method of treating abnormal cell
growth conditions in a human or animal, which
comprises administering to a warm-blooded animal an
effective amount of a compound of Formula I , or a
solvate, pharmaceutically acceptable salt or
pharmaceutically acceptable prodrug thereof. [0017] In
a further aspect the present invention provides a
method of inhibiting abnormal cell growth, which
comprises administering to said abnormal cells an
effective amount of a compound of Formula I , or a
solvate, pharmaceutically acceptable salt or
pharmaceutically acceptable prodrug thereof. [0018] In
a further aspect the present invention provides a
method of providing a mitotic kinesin inhibitory
effect in a human or animal, comprising administering
to said human or animal an effective amount of a
compound of Formula I , or a solvate, pharmaceutically
acceptable salt or pharmaceutically acceptable prodrug
thereof. [0019] In a further aspect the present
invention provides methods of treating or preventing a
microtubule-mediated condition in a human or animal,
comprising administering to a human or animal in need
thereof a compound of Formula I or a solvate,
pharmaceutically acceptable salt or pharmaceutically
acceptable prodrug thereof, in an amount effective to
treat or prevent said microtubule-mediated condition.
Microtubule-mediated conditions that can be treated or
prevented according to the methods of this invention
include, but are not limited to, cellular
proliferative diseases, for example cancer,
hyperplasias, restenosis, cardiac hypertrophy, immune
disorders, infectious disease, fungal or other
eukaryote infections, and inflammatory disease. [0020]
The compounds of the present invention may be used
advantageously incombination with other known
therapeutic agents. [0021] The invention also relates
to pharmaceutical compositions comprising a compound
of Formula I or a solvate, pharmaceutically acceptable
prodrug or pharmaceutically acceptable salt thereof,
alone or in combination with a second therapeutic
agent. [0022] This invention also provides compounds
of Formula I for use in therapy. [0023] An additional
aspect of the invention is the use of a compound of
Formula I for the preparation of a medicament for use
as a kinesin inhibitor. [0024] This invention further
provides kits comprising compounds of Formula I .
[0025] Additional advantages and novel features of
this invention shall be set forth in part in the
description that follows, and in part will become
apparent to those skilled in the art upon examination
of the following specification or may be learned by
the practice of the invention. The advantages of the
invention may be realized and attained by means of the
instrumentalities, combinations, compositions, and
methods particularly pointed out in the appended
claims. DETAILED DESCRIPTION OF THE INVENTION [0026]
The compounds of Formula I are useful for inhibiting
mitotic kinesins and microtubule-mediated events such
as mitotic spindle production. Such compounds have
utility for treating or inhibiting a
microtubule-mediated condition in a human or animal.
[0027] In general, the invention relates to compounds
of the general Formula I : I [0028] and metabolites,
solvates, tautomers, salts and pharmaceutically
acceptable salts and prodrugs thereof, wherein: [0029]
W is S(O)m; [0030] m is 0, 1 or 2; [0031] R1 is H,
alkyl, cycloalkyl, heteroalkyl, alkenyl or alkynyl,
wherein said alkyl, cycloalkyl, heteroalkyl, alkenyl
and alkynyl are optionally substituted with one or
more groups independently selected from oxo, halogen,
cyano, nitro, azido, -OR10, -NR10R11, - NR10SO2R13 ,
-C(=O)R10, -OC(=O)R10 , -C(=O)OR 10, -CC=O)NR10R1\
-NR10C(O)OR13 , - -SR10, -S(O)R13 , -SO2R13
-SO2NHC(O)R 10, -NR10C(O)NR1 1R12 ,alkyl, cycloalkyl,
alkenyl, alkynyl, aryl, arylalkyl, heterocyclyl,
heterocyclylalkyl, - OP(0)(OR 10)2, an amino acid
residue, a dipeptide, a tripeptide, or
-NR10CR22R23NR11R12 , with the proviso that said alkyl
does not terminate with a -C(O)OR 10 group, [0032] or
R1 is Z-NR17-C(=NR18)R19 , Z-NR17-C(=NR18)NR20R2 1,
ZC(= NR18)NR20R2 1, Z-O-NR17C(=NR18)NR20R2 1,
Z-O-NR17-C(=NR18)R20, Z-NR22-NR23- C(=NR18)R19, or
Z-NR22-NR23-C(=NR18)NR20R2 1, wherein Z is alkylene
optionally substituted with one or more halogen;
[0033] Ar1 and Ar2 are independently phenyl or a 5 or
6 membered heteroaryl ring having 1 to 3 heteroatoms
independently selected from N, O and S, wherein said
heteroaryl is a carbon radical and said phenyl and
heteroaryl are optionally substituted with one or more
groups independently selected from halogen, cyano,
nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, -OR10, -NR10R1 1, -NR10SO2R13
, -SO2NR10R1 1, -C(K))R 10, -C(O)OR 10, -OC(O)R 10,
-NR10C(O)OR 13, -NR10C(O)R 1 1, -C(O)NR 10R1 1, -SR10,
-S(O)R13 , -SO2R13 , -SO2NHC(O)R 10, -NR10C(O)NR 1
1R12 , -NR10C(NCN)NR11R12 , -NR10C(H)NR1 1R12,
-NR10C(R1 NR11R12 , -0P(O)(0R 10)2, alkyl, cycloalkyl,
alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl;
[0034] R4 is a partially unsaturated or fully
unsaturated 5 membered heterocyclic ring 



comprising 1-4 heteroatoms independently selected from
N, O or S, [0035] or R4 is a partially unsaturated or
fully unsaturated 6 membered heterocyclic ring
comprising 1-4 heteroatoms independently selected from
N, O or S, [0036] or R4 is a partially unsaturated or
fully unsaturated 7-12 membered bicyclic heterocyclic
ring comprising two or more heteroatoms independently
selected from N, O or S5 [0037] wherein R4 is bonded
to the ring nitrogen of Formula I through an
unsaturated carbon bond and R4 is optionally
substituted with one or more groups independently
selected from oxo (provided it is not on a nitrogen,
oxygen or an unsaturated carbon), halogen, cyano,
nitro, trifluoromethyl, difluoromethyl, fluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR10R11,
-NR10SO2R13 , -SO2NR10R11, -C(O)R 10, -C(O)OR10 ,
-OC(O)R 10 , -NR10C(O)OR 13 , -NR10C(O)R 1 1, -C(O)NR
10R1 1, -SR10, -S(O)R13 , -SO2R13 , - SO2NHC(O)R 10,
-NR10C(O)NR 1 OR12), -NR10C(O)NR 11R12 ,
-NR10C(NCN)NR11R12 , -NR10C(H)NR1 1R12 ,
-NR10C(R13)NRp R12, -OR10, alkyl, cycloalkyl, alkenyl,
alkynyl, heteroalkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl, -
0P(O)(0R 10)2, an amino acid residue, a dipeptide and
a tripeptide, wherein said alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl andheterocyclylalkyl are optionally
substituted with one or more groups independently
selected from oxo (with the proviso that it is not on
said aryl or heteroaryl portions), halogen, cyano,
nitro, hydroxy, -OR10 , NR10R1 1, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR10SO2R13
, -SO2NR10R11, -C(O)R 10 , -C(O)OR 10 , -OC(O)R 10,
-NR10C(O)OR 11 -NR10C(O)R 1 1, -C(=O)NR10Rn , -SR10 ,
-S(O)R13 -SO2R13 , -SO2NHC(O)R 10 , -NR10C(O)NR 11R12
, -NR10C(NCN)NR1 1R12 , alkyl, cycloalkyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl,
and heterocyclylalkyl; [0038] R10, R11 and R12
independently are selected from hydrogen, alkyl,
trifluoromethyl, alkenyl, alkynyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl and arylalkyl, wherein said
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl and arylalkyl are optionally substituted
with one or more groups independently selected from
oxo (with the proviso that it is not on said aryl or
heteroaryl portions), halogen, cyano, nitro, OR1 , -
NR14R15 , trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, alkyl, cycloalkyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl,
and heterocyclylalkyl; [0039] R13 is alkyl, alkenyl,
cycloalkyl, aryl, heteroaryl, heterocyclyl or
arylalkyl, wherein said alkyl, alkenyl, cycloalkyl,
aryl, heteroaryl, heterocyclyl and arylalkyl are
optionally substituted with one to three groups
independently selected from oxo (with the proviso that
it is not on said aryl or heteroaryl portions),
halogen, cyano, nitro, OR14 , - NR14R15,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, alkyl, cycloalkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl,
[0040] or any two of R10, R11, R12 and R13 together
with the atoms to which they are attached form a 4 to
10 membered heteroaryl or heterocyclic ring, wherein
said heteroaryl and heterocyclic rings are optionally
substituted with one to three groups independently
selected from oxo (with the proviso that it is not on
said heteroaryl ring), halogen, cyano, nitro, OR14,
-NR14R15, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, alkyl, cycloalkyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl,
and heterocyclylalkyl; [0041] R14 and R15 are
independently selected from hydrogen, alkyl, alkenyl,
lower alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl and arylalkyl, [0042] or R14 and R15
together with the atoms to which they are attached
form a saturated, partially unsaturated or fully
unsaturated 5-6 membered heterocyclyl; [0043] R17, R22
and R23 are independently H or alkyl; [0044] R18 is H,
OH, O-alkyl, CN, C(O)NH 2, C(O)NH(alkyl), C(O)N(alkyl)
2, C(O)alkyl, or alkyl optionally substituted with one
or more groups independently selected from halogen,
CN, OH, O-alkyl, NH2, NH-alkyl, N(alkyl)2 and aryl;
[0045] R19 is H or alkyl optionally substituted with
one or more groups independently selected from
halogen, NO2, halogen, CN, OH, O-alkyl, NH2, NH-alkyl,
N(alkyl)2 and aryl; and [0046] R20 and R2 1 are
independently H, C(O)alkyl, or alkyl optionally
substituted with one or more groups independently
selected from halogen, CN, OH, O-alkyl, NH2, NHalkyl,
N(alkyl) 2 and aryl, [0047] or R20 and R2 1 together
with the atoms to which they are attached form a 5-6
membered unsaturated or partially unsaturated
heterocyclic ring, [0048] or R18 and R20 together with
the atoms to which they are attached form a 5-6
membered partially unsaturated or fully unsaturated
heterocyclic ring, [0049] or R17 and R20 together with
the atoms to which they are attached form a 5-6
membered unsaturated or partially unsaturated
heterocyclic ring. [0050] In another embodiment there
is provided a compound of Formula I I [0051] and
metabolites, solvates, tautomers, and pharmaceutically
acceptable salts and prodrugs thereof, wherein: [0052]
W is S(O) 1; [0053] m is 0, 1 or 2; [0054] R1 is H,
alkyl, cycloalkyl, heteroalkyl, alkenyl or alkynyl,
wherein said alkyl, cycloalkyl, heteroalkyl, alkenyl
and alkynyl are optionally substituted with one or
more groups independently selected from oxo, halogen,
cyano, nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, -OR10, -NR10R1 1,
-NR10SO2R13, -C(O)R 10, -OCO=O)R10 , -C(O)OR 10 ,
-Q=O)NR 10R1\ -NR10C(O)OR13 , -NR10C(O)R1 1, -SR10,
-S(O)R 13 , -SO2R13 , -SO2NHC(O)R 10, -NR10C(O)NR 1
1R12, -NR10C(NCN)NR 1 1R12, alkyl, cycloalkyl,
alkenyl, alkynyl, aryl, arylalkyl, heterocyclyl,
heterocyclylalkyl, -OP(0)(OR 10)2, an amino acid
residue, a dipeptide and a tripeptide, with the
proviso that said alkyl does not terminate with a
-C(O)OR 10 group; [0055] Ar 1 and Ar2 are
independently phenyl or a 5 or 6 membered heteroaryl
ring having 1 to 3 heteroatoms independently selected
from N, O or S, wherein said heteroaryl is a carbon
radical and wherein said phenyl and heteroaryl are
optionally substituted with one ormore groups
independently selected from halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -OR10 , -NR10R1 1 -NR10SO2R13 , -SO2NR10R1 1,
-C(O)R 10 , -C(O)OR10 , -OC(O)R 10 -NR10C(O)OR 13 ,
-NR10C(O)R 1\ -C(O)NR 10R1 1, - SR10 , -S(O)R13,
-SO2R13 , -SO2NHC(O)R 10, -NR10C(O)NR 11R12 ,
-NR10C(NCN)NR11R12, alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl and heterocyclylalkyl; [0056] R4 is
[0057] wherein a dashed line represents an optional
double bond; [0058] D1 is N, NR6, CR5, CR5R5a, or
C(O); [0059] D2 is CR5, CR5R5a, N or NR6; [0060] D3 is
S, O, N,NR6 or CR5R5a; [0061] E is O, S or NR6; [0062]
A is a saturated, partially unsaturated, or folly
unsaturated 5-8 carbocyclic ring or heterocyclic ring
having 1 to 3 heteroatoms independently selected from
N, O or S, wherein said carbocyclic and heterocyclic
rings are optionally substituted with one or more
groups independently selected from halogen, cyano,
nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, oxo, -OR10, -NR10R1 1,
-NR10SO2R13, -SO2NR10R11, -C(O)R 10, -C(O)OR 10,
-OC(O)R 10 , -NR10C(O)OR 13 , -NR10C(O)R 1 1, -C(O)NR
10R1\ -SR10, -S(O)R13 , -SO2R13 , -SO2NHC(O)R 10
-NR10C(O)NR 1 1R12, -NR10C(NCN)NR1 1R12, alkyl,
cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl, wherein said alkyl, cycloalkyl,
alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl
are optionally substituted with one or more groups
independently selected from oxo (with the proviso that
it is not on said aryl or heteroaryl portions),
halogen, cyano, nitro, hydroxy, -OR10, NR10R1 1,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NR10SO2R13, -SO2NR10R11, -C(O)R 10, -C(O)OR
10, -OC(O)R 10, -NR10C(O)OR 11, -NR10C(O)R 1 1,
-C(O)NR 10R1 1, -SR10 , -S(O)R13, -SO2R13 ,
-SO2NHC(O)R 10, -NR10C(O)NR 11R12 , -NR10C(NCN)NR11R12
, alkyl, cycloalkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl;
[0063] each R5 and R5a is independently selected from
H, halogen, cyano, nitro,trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR10R11,
-NR10SO2R13 , -SO2NR10R11, -C(O)R 10, -C(O)OR 10 ,
-OC(=O)R10 5 -NR10C(O)OR 13 , -NR10C(O)R 1 1,
-C(=O)NR10Rn , -SR10 -S(O)R13 , -SO2R13 , -SO2NHC(=O)R
10 , -NR10Q=O)NR 11R12 , -NR10C(NCN)NR1 1R12 , -OR10,
alkyl, cycloalkyl, alkenyl, alkynyl, heteroalkyl,
aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl and heterocyclylalkyl, wherein said
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl are optionally substituted with one
or more groups independently selected from oxo (with
the proviso that it is not on said aryl or heteroaryl
portions), halogen, cyano, nitro, hydroxy, -OR10,
NR10R11, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, -NR10SO2R13 , -SO2NR10R1 1,
-C(=O)R10 -C(O)OR 10, -OC(K))R 10, -NR10C(K))OR 1\
-NR10C(=O)Ru , -C(K))NR 10R1 , -SR10, -S(O)R13,
-SO2R13, -SO2NHC(K))R 10 , -NR10C(O)NR 11R12 ,
-NR10C(NCN)NR11R12 , alkyl, cycloalkyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl
and heterocyclylalkyl; [0064] R6 is H, alkyl,
cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl or
heterocyclyl, wherein said alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl and heterocyclyl are
optionally substituted with one or more groups
independently selected from oxo, halogen, cyano,
nitro, hydroxy, -OR10, NR10R1 1, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, -NR10SO2R13
, -SO2NR10R1 1, -C(K))R 10, -C(K))OR 10 , -OC(K))R 10,
-NR10C(K))OR 1 1, -NR10C(K))R 11, -C(O)NR 10R1 1,
-SR10 , -S(O)R13 , -SO2R13 , -SO2NHC(O)R 10 ,
-NR10C(O)NR 1 1R12 , -NR10C(NCN)NR1 1R12 , alkyl,
cycloalkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl;
[0065] R10, R11 and R12 independently are selected
from hydrogen, alkyl, trifluoromethyl, alkenyl,
alkynyl, cycloalkyl, aryl, heteroaryl, heterocyclyl
and arylalkyl, wherein said alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl, heterocyclyl and
arylalkyl are optionally substituted with one or more
groups independently selected from oxo (with the
proviso that it is not on said aryl portions),
halogen, cyano, nitro, OR14, -NR14R15,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, alkyl, cycloalkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl;
[0066] R13 is alkyl, alkenyl, cycloalkyl, aryl or
arylalkyl, wherein said alkyl, alkenyl, cycloalkyl,
aryl, heteroaryl, heterocyclyl and arylalkyl are
optionally substituted with one to three groups
independently selected from oxo (with the proviso that
it is not on said aryl portions), halogen, cyano,
nitro, OR14, NR14R15 , trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, alkyl,
cycloalkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, 



heterocyclyl and heterocyclylalkyl;[0067] or any two
of R10 R1 1, R12 and R13 together with the atoms to
which they are attached form a 4 to 10 membered
heteroaryl or heterocyclic ring, wherein said
heteroaryl and heterocyclic rings are optionally
substituted with one to three groups independently
selected from oxo (with the proviso that it is not on
said heteroaryl ring), halogen, cyano, nitro, OR14 ,
NR14R15 , trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, alkyl, cycloalkyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl
and heterocyclylalkyl; and [0068] R14 and R15 are
independently selected from hydrogen, alkyl, alkenyl,
lower alkynyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl and arylalkyl. [0069] In certain
embodiments of Formula I , W is S. [0070] According to
another embodiment, R1 is alkyl or heteroalkyl,
wherein said alkyl and heteroalkyl are optionally
substituted with one or more groups independently
selected from -OR10, -NR10R1 1, -OP(=O)(OR 10)2, an
amino acid residue, a dipeptide and a tripeptide. In
another embodiment, there is provided a compound of
Formula I , wherein R1 is alkyl optionally substituted
with NR10C(-0)(CH 2)o-2Rp , NR10SO2R13, heterocyclyl,
or R1 is a heterocyclyl. [0071] Exemplary embodiments
include compounds of Formula I wherein R1 is
(CH2)2-OH, (CH2)3-OH, (CH2)-NH2, (CH2)2-NH2,
(CH2)3-NH2, (CH2)3-NHCH(CH3)2, (CH2)2-NHMe,
(CH2)2-NMe2, (CH2)3-NMe2, (CH2)3-NHMe,
(CH2)3NHC(=O)Me, (CH2)3NHC(=O)CH(CH 3)2,
(CH2)3NHC(=O)CH2CH2NMe2, (CH2)3NHSO2Me, (CH2)3-
(pyrrolidin-1-yl), (CH2)3-(piperidin-l-yl),
(CH2)3-(4-methylpireridin-l-yl), (CH2)3-
(morpholin-4-yl), (CH2)2-(pyrrolidin-2-yl),
(CH2)3NH(C=O)CH(Me)NH(C=O)CH(Me)NH 2, (CH2)3-OPO3H2,
CH2-O-CH2OMe or piperidin-4-yl. [0072] In particular
embodiments, there is provided a compound of Formula I
wherein R1 is -(CH2)3NH2. [0073] In certain
embodiments, R1 is Z-NR17-C(=NR18)R19, Z-NR17-
C(=NR18)NR20R2 1, Z-C(=NR 18)NR20R2 1,
Z-O-NR17C(=NR18)NR20R2 1, Z-O-NR 17- C(=NR18)R20,
Z-NR22-NR23-C(=NR18)R19, or Z-NR22-NR23-C(=NR
18)NR20R2 1. [0074] In certain embodiments, there is
provided a compound of Formula I wherein Ar1 is phenyl
optionally substituted with one or more groups
independently selected from halogen, alkyl, -OR10 or
-NR10R1 1; or Ar 1 is a heteroaryl selected from
thiophenyl or pyridyl, wherein said pyridyl is
optionally substituted independently with one or more
halogens. [0075] Exemplary embodiments of such Ar 1
groups include phenyl, 2,4- difluorophenyl,
2-fluorophenyl, 3-fluorophenyl, 2-chlorophenyl,
3-chlorophenyl, 2,5-dichlorophenyl,
2,3-dichlorophenyl, 3,4-dichlorophenyl,
3,5-dichlorophenyl, 2-chloro-5- fluorophenyl,
2-fluoro-5-chlorophenyl, 2-chloro-5-methylphenyl,
2-trifluoromethyl-5- fluorophenyl,
2-fluoro-5-methoxyphenyl, thiophen-2-yl,
thiophen-3-yl, 5-chlorothiophen-2- yl, 2-pyridyl,
3-pyridyl, 4-chloropyridin-3-yl, 3-chloropyridin-2-yl,
4-fluoropyridin-3-yl, or 3,6-difluoropyridin-2-yl.
[0076] In particular embodiments, Ar1 is
2,4-difluorophenyl. [0077] According to yet another
embodiment, Ar2 is an optionally substituted phenyl
group. In certain embodiments, Ar2 is substituted with
one or more halogen groups. In a particular
embodiment, Ar2 is 2,4-difluorophenyl,
2,5-difluorophenyl, or 3-fluorophenyl. In other
embodiments, Ar2 is phenyl, 2-chlorophenyl,
4-chlorophenyl, 4-fluorophenyl, 4- bromophenyl or
3,4-dichlorophenyl. [0078] In other embodiments, there
is provided a compound of Formula I wherein Ar2 is
phenyl optionally substituted with one or more groups
independently selected from OR10, NR10R11, CN, NO2,
-OP(=O)(OR 10)2, C(=O)OR10, or Ar2 is a heteroaryl
selected from pyridyl, thiophenyl optionally
substituted with alkyl, imidazolyl, and pyrazolyl
optionally substituted with NR R1 1. For example, in
certain embodiments, Ar2 is 2-methylphenyl, 3-
methylphenyl, 4-methylphenyl, 3,4-dimethylphenyl,
3,5-dimethylphenyl, 2-ethylphenyl, 3- ethylphenyl,
4-t-butylphenyl, 3-nitrophenyl, 3-hydroxyphenyl,
3-(OPO3H2)-phenyl, 3- aminophenyl, 3-carboxyphenyl,
3-cyanophenyl, 2-pyridyl, 3-pyridyl,
5-methylthiophen-2-yl, 2-methylthiazol-4-yl,
2-(lH-imidazol-2-yl), 2-(lH-imidazol-4-yl) or
3-amino-lH-pyrazol-5- yi. [0079] In particular
embodiments, Ar2 is phenyl. [0080] In certain
embodiments, there is provided a compound of Formula I
, wherein R4 is selected from:[0081] wherein: [0082] a
dashed line represents an optional double bond; [0083]
D1 is N, NR6, O, CR5, CR5R5a, or C(=O); [0084] D2 is
CR5, CR5R5a 5N, NR6, O, S or C(=O), wherein only one
of D1 and D2 is C(=O); [0085] D3 is S, O, N, NR6, CR5
or CR5R5a; [0086] D4 and D5 are independently N, NR6,
S or O; [0087] E is O, S or NR6; [0088] Y1 and Y2 are
CH2, C=O or SO2; [0089] Y3 is CH2 or NR6; [0090] X1 is
O or S; [0091] X2 is C=O or SO2; [0092] X3 and X4 are
independently CH2 or CMe2 when the bond represented by
- is absent or X and X are independently CH or CMe
when the bond represented by - is present; [0093] X5
is S, O, NR6, SO, SO2, or CR5CR5a [0094] Z1, Z2, and
Z3 are independently N or CR5, wherein 1 or 2 of Z1,
Z2 and Z3 is N;[0095] one of Z4 and Z5 is N and the
other is CR5; [0096] A is a saturated, partially
unsaturated, or fully unsaturated 5-8 carbocyclic ring
or heterocyclic ring having 1 to 3 ring heteroatoms
independently selected from N, O5 S, or SO2, wherein
said carbocyclic and heterocyclic rings are optionally
substituted independently with one or more R7 groups;
[0097] G is a saturated, or partially unsaturated, or
fully unsaturated 5 membered heterocyclic ring having
1-3 ring heteroatoms independently selected from N S,
O, SO and SO2, wherein G is optionally substituted
independently with one or more R7 groups; [0098] K is
a benzene ring or a saturated or partially unsaturated
5-6 membered heterocyclic ring having 1-3 ring
heteroatoms independently selected from N S, O, SO and
SO2, wherein K is optionally substituted with one or
more R7 groups; [0099] each R5 and R5a is
independently selected from H, halogen, cyano, nitro,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NR10R1 1, -NR10SO2R13, -SO2NR10R11, -C(=O)R 10
, -C(O)OR 10, -OC(=O)R 10, -NR10C(O)OR 13 ,
-NR10CC=O)R1 , -C(O)NR 10R1\ -SR10 , -S(O)R 13 ,
-SO2R13 , -SO2NHC(K))R 10 , -NR10C(O)NR 1 (OR12),
-NR10C(O)NR 11R12, -NR10C(NCN)NR 1 1R12, -OR10, alkyl,
cycloalkyl, alkenyl, alkynyl, heteroalkyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl
and heterocyclylalkyl, wherein said alkyl, cycloalkyl,
alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl
are optionally substituted with one or more groups
independently selected from oxo (with the proviso that
it is not on said aryl or heteroaryl portions),
halogen, cyano, nitro, hydroxy, -OR10, NR10R1 1,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NR10SO2R13 , -SO2NR10R11, -C(O)R 10, -C(O)OR
10, -OC(O)R 10, -NR10C(O)OR 11, -NR10C(O)R 11, -C(O)NR
10R11, -SR10 , -S(O)R 13, -SO2R13 , - SO2NHC(O)R 10 ,
-NR10C(O)NR 11R12 , -NR10C(NCN)NR 1 1R12 , alkyl,
cycloalkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
[00100] R6 is H, alkyl, cycloalkyl, alkenyl, alkynyl,
aryl, heteroaryl or heterocyclyl, wherein said alkyl,
cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl and
heterocyclyl are optionally substituted with one or
more groups independently selected from oxo, halogen,
cyano, nitro, hydroxy, -OR10, NR10R11,
trifluoromethyl, difluoromethoxy, trifluoromethoxy,
azido, -NR10SO2R13 , -SO2NR10R11, -C(O)R 10, -C(O)OR
10 , -OC(O)R 10, -NR10C(O)OR 11, -NR10C(O)R 11,
-C(O)NR 10R1 1, -SR10, -S(O)R13, -SO2R13, -SO2NHC(O)R
10, -NR10C(O)NR 1 1R12 , -NR10C(NCN)NR 11R12 , alkyl,
cycloalkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, and heterocyclylalkyl;
[00101] R6a is independently H or alkyl;[00102] R7 is
halogen, cyano, nitro, trifluoromethyl,
difluoromethoxy, trifluoromethoxy, azido, oxo
(provided it is not on a nitrogen, oxygen or
unsaturated carbon), -OR10, -NR10R1 1, -NR10SO2R13 ,
-SO2NR10R1 1, -C(=O)R10 , -C(=O)OR 10, -OC(=O)R 10,
-NR10C(=O)OR 13 , -NR10C(=O)Rn , -CC=O)NR10R1\
-CC=O)NR10OR1\ -SR10, -S(O)R 13 , - SO2R13,
-SO2NHCC=O)R10 -NR10CC=O)NR11R12, C(=NH)NH(CN),
-NR10C(NCN)NR 1 1R12, alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl and heterocyclylalkyl, wherein said
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl and
heterocyclylalkyl are optionally substituted with one
or more groups independently selected from oxo (with
the proviso that it is not on said aryl or heteroaryl
portions), halogen, cyano, nitro, hydroxy, -OR10 ,
NR10R1 1, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, -NR10SO2R13 , -SO2NR10R1 1,
-C(=O)R 10 , -C(O)OR 10, -OC(O)R 10, -NR10C(O)OR 1 1,
-NR10Q=O)R 1 1, -C(O)NR 10R1 1 -SR10, -S(O)R 13 ,
-SO2R13 , -SO2NHC(K))R 10 , -NR10C(O)NR 11R12 ,
NR10C(O)NR 1OR12 , -NR10C(NCN)NR 1 1R12 , OPO3H,
alkyl, cycloalkyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl and heterocyclylalkyl;
[00103] Rc is H or Me; and [00104] n is O, 1 or 2.
[00105] Exemplary embodiments of R4 include, but are
not limited to, 2-thiazolyl, fused thiazolyl ring
systems, 2-oxazolyl, fused oxazolyl ring systems,
2-imidazolyl, oxadiazolyl, thiadiazolyl,
4,5(H)-thiazolyl, 4-triazolyl, 4,5(H)-oxazolyl, fused
4,5(H)- thiazolyl ring systems, dihydropyrrol-2-on-yl,
and substituted forms thereof, and shown as:[00106]
wherein the asterisk indicates the point of
attachment, "A" is as defined above, and each R5 and
R5a is independent of every other R5 and R5a. [00107]
More specific embodiments of R4 include[00108] Further
exemplary embodiments include compounds of Formula I
wherein R is selected from [00109] In certain
embodiments, there is provided a compound of Formula I
wherein R4 is selected from the structures [00110]
wherein R5, R5a and R6 are as defined for Formula I .
In certain embodiments, R5 and R5a are independently
H, halogen, alkyl, aryl, or NR10R1 1, wherein said
alkyl and aryl are optionally substituted with one or
more groups independently selected from halogen
and-C(=O)OR 10 . [00111] In certain embodiments, there
is provided a compound of Formula I wherein R4 is
[00112] and A is a saturated or partially unsaturated
heterocyclic ring having a ring nitrogen, wherein 1-2
carbon atoms of said heterocyclic ring are optionally
substituted with a 



group independently selected from halogen or alkyl
optionally substituted with one or more halogen, and
the nitrogen of said heterocyclic ring is optionally
substituted with CC=O)NR10R1\ C(=O)N(R 10)ORp ,
C(=NH)CH-CN, or alkyl optionally substituted with one
or more groups independently selected from OR10,
OPO3H2, NR10R1 1 and heterocyclyl. [00113] Exemplary
embodiments include compounds of Formula I wherein R4
is selected from the structures:[00114] In certain
embodiments, there is provided a compound of Formula I
wher> R4 Is [00115] and A is a saturated or partially
unsaturated 5 membered heterocyclic ring, wherein said
heterocyclic ring is optionally substituted with one
or more groups independently selected from halogen,
alkyl, SO2Me, and oxo. [00116] Exemplary embodiments
include compounds of Formula I wherein R is selected
from the structures: [00117] In certain embodiments,
there is provided a compound of Formula I wherein R4
is[00118] and A is a benzene ring, wherein the benzene
ring is optionally substituted with one or more groups
independently selected from halogen, CN, NO , Q=O)NR
10R11, NR10Ct=O)NR11R12, heteroaryl optionally
substituted with alkyl, and alkyl optionally
substituted with OR10 ,NR10R1 1 or NR10Q=O)N(R 1 )OR12
. [00119] Examples of halogen substituents include F
and Cl. Examples of C(=O)NR10R1 1 substituents include
C(=0)NH 2, C(=0)NHCH 3, and C(=O)N(CH3)2. Examples of
NR10C(O)NR 1 1R12 substituents include NHC(=0)NH 2,
NHC(=0)NHCH 3, and NHC(=O)N(CH3)2. Examples of
heteroaryl substituents optionally substituted with
alkyl include 1,2,4-triazol-l-yl and
3-methyl-l,2,4-triazol-l-yl. Examples of alkyl
substituents optionally substituted with OR10, NR10R11
or NR10C(=O)N(Rn )OR12 include CH2OH, CH2CH2OH,
CH2OCH3, CH2CH2OCH3, CH2OCH2CH3 CH2CH2OCH2CH3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, CH2CH2NH2, CH2CH2NHCH3,
CH2CH2N(CH3), CH2NHC(=0)NH0H, and CH2NHC(=O)NHOCH3.
[00120] Exemplary embodiments include compounds of
Formula I wherein R is selected from the
structures:[00121] In certain embodiments, there is
provided a compound of Formula I wherein R4 is
selected from the structures:[00122] For example, in
certain embodiments there is provided a compound of
Formula I wherein R is [00123] wherein R6 and R6a are
independently selected from H and alkyl. In certain
embodiments, said alkyl is selected from methyl,
ethyl, propyl, isopropyl, butyl, and the like. [00124]
Exemplary embodiments include compounds of Formula I
wherein R4 is selected from the structures: [00125] In
certain embodiments there is provided a compound of
Formula I wherein R4 is [00126] wherein A is a
partially unsaturated or fully unsaturated 5-membered
heterocyclic ring, wherein said heterocyclic ring is
optionally substituted independently with one or more
alkyl groups, such as, but not limited to, methyl,
ethyl, propyl, isopropyl, butyl, and the like.[00127]
Exemplary embodiments include compounds of Formula I
wherein R is selected from the structures: [00128] In
certain embodiments there is provided a compound of
Formula I wherein R4 is [00129] Exemplary embodiments
include compounds of Formula I wherein R is selected
from the structures: [00130] In certain embodiments
there is provided a compound of Formula I wherein R4
is [00131] Exemplary embodiments include compounds of
Formula I wherein R4 is selected from the
structures:[00132] In certain embodiments there is
provided a compound of Formula I wherein R4 Is [00133]
wherein K is optionally substituted independently with
one or more alkyl groups, such as, but not limited to,
methyl, ethyl, propyl, isopropyl, butyl, and the like.
[00134] Exemplary embodiments include compounds of
Formula I wherein R4 is selected from the structures:
[00135] wherein R is alkyl. Examples of alkyl groups
include, but are not limited to, methyl, ethyl,
propyl, isopropyl, butyl, and the like. [00136] In
certain embodiments there is provided a compound of
Formula I wherein R4 is [00137] wherein G is
optionally substituted independently with one or more
alkylgroups, such as, but not limited to, methyl,
ethyl, propyl, isopropyl, butyl, and the like. [00138]
Exemplary embodiments include compounds of Formula I
wherein R4 is selected from the structures: [00139] In
certain embodiments there is provided a compound of
Formula I wherein R4 is [00140] Exemplary embodiments
include compounds of Formula I wherein R4 is selected
from the structures: [00141] In certain embodiments
there is provided a compound of Formula I wherein R4
is [00142] wherein n is 0 or 1, and each R5 is
independently NO2, CC=O)NR10R1\ NR10CC=O)N(R1 OR12 ,
halogen, CN, or alkyl optionally substituted with one
or more groups independently selected from halogen,
OR10 and NR10R1 1 . Examples of CC=O)NR10R1'
substituents include C(=O)NH2 C(=O)NHCH 3, and
C(=O)N(CH 3)2. Examples of halogen substituents
include F and Cl. Examples of alkyl substituents
optionally substituted with halogen, OR10, or NR10R11
include CH2F, CHF2, CF3, CH2CH2F, CH2CHF2,
CH2CF3,CH2Cl, CH2Br, CH2OH, CH2CH2OH, CH2OCH3,
CH2CH2OCH3 CH2OCH2CH3, CH2CH2OCH2CH3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, CH2CH2NH2, CH2CH2NHCH3, and
CH2CH2N(CH3) [00143] Exemplary embodiments include
compounds of Formula I wherein R4 is selected from the
structures: [00144] In certain embodiments there is
provided a compound of Formula I wherein R4 is
selected from [00145] wherein n is 0 or 1, and each R5
is independently NO2, CC=O)NR10R1 1, NR10CC=O)N(R1
OR12 , halogen, CN, or alky optionally substituted
with one or more groups independently selected from
halogen, OR10 and NR10R11. [00146] Exemplary
embodiments include compounds of Formula I wherein R4
is selected from the structures:[00147] In certain
embodiments there is provided a compound of Formula I
wherein R4 is [00148] Exemplary embodiments include
compounds of Formula I wherein R4 is selected from the
structures: [00149] In certain embodiments there is
provided a compound of Formula I wherein R4 is [00150]
Exemplary embodiments include compounds of Formula I
wherein R4 is selected from the structures:[00151]
Certain compounds of Formula I can exist as two or
more tautomeric forms. A "tautomer" is one of two or
more structural isomers that exist in equilibrium and
are readily converted from one isomeric form to
another, such as structures formed by the movement of
a hydrogen from one site to another within the same
molecule. Other tautomeric forms of the compounds may
interchange, for example, via
enolization/de-enolization and the like. Accordingly,
the present invention includes the preparation of all
tautomeric forms of compounds of Formula I . [00152]
The term "alkyl" as used herein refers to a saturated
linear or branched-chain monovalent hydrocarbon
radical having one to ten carbon atoms, wherein the
alkyl radical may be optionally substituted
independently with one or more substituents described
herein. Examples of alkyl groups include, but are not
limited to, methyl, ethyl, n-propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl, hexyl, 2-hexyl, 3-hexyl,
3-methylpentyl, heptyl, octyl and the like. [00153]
Additional examples of alkyl groups include, but are
not limited to, 2-butyl (s- Bu s-butyl,
-CH(CH3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl,
-C(CH3)3), 1-pentyl (npentyl, -CH2CH2CH2CH2CH3),
2-pentyl (-CH(CH3)CH2CH2CH3), 3-pentyl (-CH(CH2CH3)2),
2-methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl-2-butyl
(-CH(CH3)CH(CH3)2), 3-methyl-lbutyl (-CH2CH2CH(CH3)2),
2-methyl-l -butyl (-CH2CH(CH3)CH2CH3),
2-methyl-2-pentyl (- C(CH3)2CH2CH2CH3),
3-methyl-2-pentyl (-CH(CH 3)CH(CH 3)CH 2CH3) ,
4-methyl-2-pentyl (- CH(CH3)CH2CH(CH3)2),
3-methyl-3-pentyl (-C(CH3)(CH2CH3)2), 2-methyl-3
-pentyl (- CH(CH2CH3)CH(CH3)2), 2,3-dimethyl-2-butyl
(-C(CH3)2CH(CH3)2), 353-dimethyl-2-butyl (-
CH(CH3)C(CH3)3, and the like. [00154] As used herein,
an alkyl optionally substituted with one or more
halogen groups includes, but is not limited to, CH2F,
CHF2, CF3, CH2CH2F, CH2CHF2, CH2CF3, CH2Cl, CH2Br, and
the like.[00155] As used herein, an alkyl optionally
substituted with one or more -C(=O)OR 10 includes, but
is not limited to, CH2CO2CH3, CH2CO2CH2CH3,
CH2CH2CO2CH3, CH2CH2CO2CH2CH3, and the like. [00156]
As used herein, an alkyl optionally substituted with
one or more OR10 includes CH2OH5 CH2CH2OH,
CH2CH2CH2OH, CH2CH2CH(OH)CH3, CH2C(OH)(CH3)2, CH2-OCH
2OMe, and the like. [00157] As used herein, an alkyl
optionally substituted with one or more OPO3H2
includes CH2OPO3H2, CH2CH2OPO3H2, CH2CH2CH2OPO3H2, and
the like. [00158] As used herein, an alkyl optionally
substituted with one or more NR10R1 1 includes CH2NH2,
CH2CH2NH2, CH2CH2CH2NH2, CH2NHMe, CH2CH2NHMe,
CH2CH2CH2NHMe, CH2NMe2, CH2CH2NMe2, CH2CH2CH2NMe2, and
the like. [00159] As used herein, an alkyl optionally
substituted with an amino acid residue includes an
alkyl group such as CH2, CH2CH2, or CH2CH2CH2
substituted with any of the natural amino acids,
wherein the amino acid is of the D or L configuration.
Examples include, but are not limited to,
(CH2)3NH(C=O)CH(Me)NH(C=O)CH(Me)NH 2,
(CH2)3NHCH(CH3)(C=O)NH2, and the like. [00160] As used
herein, an alkyl optionally substituted with a
dipeptide includes CH2- alanine-alanine,
CH2CH2-alanine-alanine, CH2CH2CH2-alanine-alanine, and
the like, wherein each amino acid residue of the
peptide is of the D or L configuration. [00161] As
used herein, an alkyl optionally substituted with a
tripeptide includes an alkyl such as CH2, CH2CH2, or
CH2CH2CH2 substituted with a tripeptide such as, but
not limited to, alanine-alanine-alanine,
valine-alanine-valine, alanine-valine-valine, and the
like, wherein each amino acid residue of the peptide
is of the D or L configuration. [00162] As used
herein, an alkyl optionally substituted with one or
more heterocyclyl includes (CH2)3-(pyrrolidin-l-yl),
(CH2)3-(piperidin-l-yl),
(CH2)3-(4-methylpiperidin-l-yl),
(CH2)3-(morpholin-4-yl), (CH2)4-(morpholin-4-yl),
(CH2)2-(pyrrolidin-2-yl), and the like. 



[00163] As used herein, an alkyl optionally
substituted with one or more NR10C(K))N(R 1 )OR12
includes CH2NHC(=0)N(0Me)Me and the like. [00164] As
used herein, an alkyl optionally substituted with one
or more NR10Q=O)(CH 2) O-2R1 1 includes
(CH2)3NHC(=O)Me, (CH2)3NHC(=O)CH(CH 3)2,
(CH2)3NHC(=O)CH2CH2NMe2 and the like. [00165] As used
herein, an alkyl optionally substituted with one or
more NR10SO2R13 includes (CH2)3NHSO2Me, (CH2)2NHSO2Me
and the like. [00166] The term "alkylene" as used
herein refers to a linear or branched
saturateddivalent hydrocarbon radical of one to twelve
carbon atoms, wherein the alkylene radical may be
optionally substituted independently with one or more
substituents described herein. Examples of alkylene
groups include, but are not limited to, methylene,
ethylene, propylene, 2-methylpropylene, pentylene and
the like. [00167] The term "alkenyl" refers to a
linear or branched-chain monovalent hydrocarbon
radical having two to ten carbon atoms and at least
one double bond, and includes, but is not limited to,
ethenyl, propenyl, l-but-3-enyl, l-pent-3-enyl,
l-hex-5-enyl and the like, wherein the alkenyl radical
may be optionally substituted independently with one
or more substituents described herein, and includes
radicals having "cis" and "trans" orientations, or
alternatively, "E" and "Z" orientations. [00168] The
term "alkenylene" refers to a linear or branched
divalent hydrocarbon radical of two to twelve carbons
containing at least one double bond, wherein the
alkenylene radical may be optionally substituted
independently with one or more substituents described
herein. Examples include, but are not limited to,
ethenylene, propenylene and the like. [00169] The term
"alkynyl" refers to a linear or branched monovalent
hydrocarbon radical of two to twelve carbon atoms
containing at least one triple bond. Examples include,
but are not limited to, ethynyl, propynyl, butynyl,
pentyn-2-yl and the like, wherein the alkynyl radical
may be optionally substituted independently with one
or more substituents described herein. [00170] The
term "alkynylene" refers to a linear or branched
divalent hydrocarbon radical of two to twelve carbons
containing at least one triple bond, wherein the
alkynylene radical may be optionally substituted
independently with one or more substituents described
herein. [00171] The terms "carbocycle," "carbocyclyl,"
"cycloalkyl," and "carbocyclic ring" are used
interchangeably herein and refer to a saturated or
partially unsaturated cyclic monovalent hydrocarbon
radical having from three to ten carbon atoms. The
term "cycloalkyl" includes monocyclic and polycyclic
(e.g., bicyclic and tricyclic) cycloalkyl structures,
wherein the polycyclic structures optionally include a
saturated or partially unsaturated cycloalkyl fused to
a saturated or partially unsaturated cycloalkyl or
heterocycloalkyl ring or an aryl or heteroaryl ring.
Examples of cycloalkyl groups include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl and the like. The cycloalkyl
may be optionally substituted independently at one or
more substitutable positions with one or more
substituents described herein. Such cycloalkyl groups
may be optionally substituted with, for example, C1-C6
alkyl, C1-C6 alkoxy, halogen, hydroxy, cyano,nitro,
amino, HiOnO(C 1-C6)alkylamino, di(C 1-C6)alkylamino,
C2-C6 alkenyl, C2-C6 alkynyl, Ci-C 6 haloalkyl, Cj-C 6
haloalkoxy, amino(Ci-C 6)alkyl, mono(C
1-C6)alkylamino(Ci-C 6)alkyl or di(C 1-C6)alkylamino(C
1-C6)alkyl. Bicyclic carbocycles include those having
7 to 12 ring atoms arranged, for example, as a bicyclo
[4,5], [5,5], [5,6] or [6,6] system, or as bridged
systems such as bicyclo[2.2.1]heptane,
bicyclo[2.2.2]octane, and bicyclo[3.2.2]nonane.
[00172] The term "heteroalkyl" refers to saturated
linear or branched-chain monovalent hydrocarbon
radical of one to twelve carbon atoms, wherein at
least one of the carbon atoms is replaced with a
heteroatom selected from N, O, or S, and wherein the
radical may be a carbon radical or heteroatom radical
(i.e., the heteroatom may appear in the middle or at
the end of the radical). The heteroalkyl radical may
be optionally substituted independently with one or
more substituents described herein. The term
"heteroalkyl" encompasses alkoxy and heteroalkoxy
radicals. For example, heteroalkyls include methoxy
(OCH3), ethoxy (OCH2CH3) and the like. Examples
further include heteroalkyls substituted with one or
more halogen. Examples include, but are not limited
to, fluoromethoxy (OCH2F), difluoromethoxy (OCHF 2),
trifluoromethoxy (OCF 3), and the like. Accordingly, a
OR10 substituent as defined herein can include, but is
not limited to, OCH3, OCH2CH3, OCH2F, (OCHF 2), and
(OCF 3) . [00173] The term "heteroalkylene" refers to
a linear or branched saturated divalent hydrocarbon
radical of one to twelve carbon atoms, wherein at
least one of the carbon atoms is replaced with a
heteroatom selected from N, O, or S, and wherein the
radical may be a carbon radical or heteroatom radical
(i.e., the heteroatom may appear in the middle or at
the end of the radical), such as -(CH2)yO- where y is
1 to 12. [00174] The terms "heterocycloalkyl,"
"heterocycle," "hetercyclyl" and "heterocyclic ring"
are used interchangeably herein and refer to a
saturated or partially unsaturated carbocyclic radical
of 3 to 8 ring atoms, wherein at least one of the
carbon atoms in the ring is substituted with a
heteroatom selected from N, O, or S, wherein one or
more ring atoms may be optionally substituted
independently with one or more substituents described
below. The radical may be a carbon radical or
heteroatom radical. The terms further include fused
ring systems that include a heterocycle fused to a
saturated or partially unsaturated cycloalkyl or
heterocycloalkyl ring or an aryl or heteroaryl ring.
Examples of heterocycloalkyl rings include, but are
not limited to, pyrrolidinyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl,
dihydropyranyl, tetrahydrothiopyranyl, piperidino,
morpholino, thiomorpholino, thioxanyl, piperazinyl,
homopiperazinyl, azetidinyl, oxetanyl, thietanyl,
homopiperidinyl, oxepanyl, thiepanyl, oxazepinyl,
diazepinyl, thiazepinyl, 1,2,3,6- tetrahydropyridinyl,
2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl,
4H-pyranyl, dioxanyl,1,3-dioxolanyl, pyrazolinyl,
dithianyl, dithiolanyl, dihydropyranyl,
dihydrothienyl, dihydrofuranyl,
pyrazolidinylimidazolinyl, imidazolidinyl,
3-azabicyco[3.1.0]hexanyl, 3-
azabicyclo[4.1.0]heptanyl, azabicyclo[2.2.2]hexanyl,
3H-indolyl quinolizinyl and N-pyridyl ureas. Spiro
moieties are also included within the scope of this
definition. The foregoing groups, as derived from the
groups listed above, may be C-attached or N-attached
where such is possible. For instance, a group derived
from pyrrole may be pyrrol- 1-yl (N-attached) or
pyrrol-3-yl (C-attached). Further, a group derived
from imidazole may be imidazol-1-yl (r  attached) or
imidazol-3-yl (C-attached). An example of a
heterocyclic group wherein 2 ring carbon atoms are
substituted with oxo (=0) moieties is
1,1-dioxo-thiomorpholinyl. The heterocycle groups
herein are unsubstituted or, as specified, substituted
in one or more substitutable positions with one or
more substituents described herein. For example, such
heterocycle groups may be optionally substituted with,
for example, C1-C6 alkyl, C1-C6 alkoxy, halogen,
hydroxy, cyano, nitro, amino, mono(C 1-C6)alkylamino,
di(C!~ C6)alkylamino, C2-C6 alkenyl, C2-C6 alkynyl,
C1-C6 haloalkyl, C1-C6 haloalkoxy, amino(C!- C6)alkyl,
mono(C 1-C6)alkylamino(C 1-C6)alkyl or di(C
1-C6)alkylamino(C 1-C6)alkyl. [00175] The term "aryl"
refers to a monovalent aromatic carbocyclic radical
having a single ring (e.g., phenyl), multiple rings
(e.g., biphenyl), or multiple condensed rings in which
at least one is aromatic, (e.g.,
1,2,3,4-tetrahydronaphthyl, naphthyl, etc.), which are
optionally mono-, di-, or trisubstituted independently
with substituents such as halogen, lower alkyl, lower
alkoxy, trifluoromethyl, aryl, heteroaryl, and
hydroxy. The term "aryl" includes bicyclic radicals
comprising an aromatic ring fused to a saturated,
partially unsaturated ring, or aromatic carbocyclic or
heterocyclic ring. [00176] The term "heteroaryl"
refers to a monovalent 5-, 6-, or 7-membered
monovalent aromatic carbocyclic radical wherein at
least one of the carbon atoms in the ring is
substituted with a heteroatom selected from N, O, or
S, and includes fused ring systems (at least one of
which is aromatic) of 5-10 atoms. Examples of
heteroaryl groups include, but are not limited to,
pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl,
isoxazolyl, thiazolyl, oxazolyl, isothiazolyl,
pyrrolyl, quinolinyl, isoquinolinyl, indolyl,
benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl,
indolizinyl, phthalazinyl, pyridazinyl, triazinyl,
isoindolyl, pteridinyl, purinyl, oxadiazolyl,
triazolyl, thiadiazolyl, thiadiazolyl, furazanyl,
benzofurazanyl, benzothiophenyl, benzothiazolyl,
benzoxazolyl, quinazolinyl, quinoxalinyl,
naphthyridinyl, and furopyridinyl. Spiro moieties are
also included within the scope of this definition.
Heteroaryl groups are optionally substituted with one
or more substituents described herein.[00177] By way
of example and not limitation, carbon bonded
heterocycles and heteroaryls are bonded at position 2,
3, 4, 5 or 6 of a pyridine, position 3, 4, 5, or 6 of
a pyridazine, position 2, 4, 5, or 6 of a pyrimidine,
position 2, 3, 5, or 6 of a pyrazine, position 2, 3,
4, or 5 of a furan, tetrahydrofuran, thiofuran,
thiophene, pyrrole or tetrahydropyrrole, position 2,
4, or 5 of an oxazole, imidazole or thiazole, position
3, 4, or 5 of an isoxazole, pyrazole, or isothiazole,
position 2 or 3 of an aziridine, position 2, 3, or 4
of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a
quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an
isoquinoline. Further examples of carbon bonded
heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl,
5- pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl,
5-pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl,
4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl,
2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6- pyrazinyl,
2-thiazolyl, 4-thiazolyl, or 5-thiazolyl. [00178] By
way of example and not limitation, nitrogen bonded
heterocycles and heteroaryls are bonded at position 1
of an aziridine, azetidine, pyrrole, pyrrolidine, 2-
pyrroline, 3-pyrroline, imidazole, imidazolidine,
2-imidazoline, 3-imidazoline, pyrazole, pyrazolone,
2-pyrazoline, 3-pyrazoline, piperidine, piperazine,
indole, indoline, lH-indazole, position 2 of an
isoindole, or isoindoline, position 4 of a morpholine,
and position 9 of a carbazole, or b-carboline. Still
more typically, nitrogen bonded heterocycles include
1- aziridyl, 1-azetedyl, 1-pyrrolyl, 1-imidazolyl,
1-pyrazolyl, and 1-piperidinyl. [00179] The term
"halogen" represents fluorine, bromine, chlorine, and
iodine. [00180] The term "arylalkyl" means an alkyl
moiety (as defined above) substituted with one or more
aryl moiety (also as defined above). More preferred
arylalkyl radicals are aryl-C1-3-alkyls. Examples
include, but are not limited to, benzyl, phenylethyl
and the like. [00181] The term "heteroarylalkyl" means
an alkyl moiety (as defined above) substituted with a
heteroaryl moiety (also as defined above). More
preferred heteroarylalkyl radicals are 5- or
6-membered heteroaryl-C 1-3-alkyls. Examples include,
but are not limited to, oxazolylmethyl, pyridylethyl
and the like. [00182] The term "heterocyclylalkyl"
means an alkyl moiety (as defined above) substituted
with a heterocyclyl moiety (also defined above). More
preferred heterocyclylalkyl radicals are 5- or
6-membered heterocyclyl-C^-alkyls. An example
includes, but is not limited to,
tetrahydropyranylmethyl. [00183] The term
"cycloalkylalkyl" means an alkyl moiety (as defined
above) substituted with a cycloalkyl moiety (also
defined above). More preferred cycloalkylalkyl
radicals are 5- or 6-membered cycloalkyl-C 1-3-alkyls.
Examples include cyclopropylmethyl. [00184] The term
"Me" means methyl, "Et" means ethyl, "Bu" means butyl
and "Ac"means acetyl. 



[00185] In general, the various moieties or functional
groups of the compounds of Formula I may be optionally
substituted by one or more substituents. Examples of
substituents suitable for purposes of this invention
include, but are not limited to, oxo, halogen, cyano,
nitro, trifluoromethyl, difluoromethoxy,
trifluoromethoxy, azido, OR14, -NR14SO2R15
-SO2NR14R15, -C(O)R14 , -C(O)OR14 , -OC(O)R14 ,
-NR14C(O)OR15, - NR14C(O)R15, -C(O)NR14R15, -NR14R15,
-NR14C(O)NR14R15, -NR14C(NCN)NR14R15 , aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl,
and heterocyclylalkyl, where R14 and R15 are as
defined herein. [00186] It is to be understood that in
instances where two or more radicals are used in
succession to define a substituent attached to a
structure, the first named radical is considered to be
terminal and the last named radical is considered to
be attached to the structure in question. Thus, for
example, an arylalkyl radical is attached to the
structure in question by the alkyl group. [00187] The
compounds of this invention may possess one or more
asymmetric centers; such compounds can therefore be
produced as individual (R)- or (S)-stereoisomers or as
mixtures thereof. Unless indicated otherwise, the
description or naming of a particular compound in the
specification and claims is intended to include both
individual enantiomers, diastereomers mixtures,
racemic or otherwise, thereof. Accordingly, this
invention also includes all such isomers, including
diastereomeric mixtures and pure enantiomers of the
Formula I . Diastereomeric mixtures can be separated
into their individual diastereomers on the basis of
their physical chemical differences by methods known
to those skilled in the art, for example, by
chromatography or fractional crystallization.
Enantiomers can be separated by converting the
enantiomer mixture into a diastereomeric mixture by
reaction with an appropriate optically active compound
(e.g., alcohol), separating the diastereomers and
converting (e.g., hydrolyzing) the individual
diastereomers to the corresponding pure enantiomers.
The methods for the determination of stereochemistry
and the separation of stereoisomers are well known in
the art (see discussion in Chapter 4 of "Advanced
Organic Chemistry", 4th edition, J . March, John Wiley
and Sons, New York, 1992). [00188] In addition to
compounds of the Formula I, the invention also
includes solvates, pharmaceutically acceptable
prodrugs, pharmaceutically active metabolites,
solvates, and pharmaceutically acceptable salts of
such compounds. [00189] A "pharmaceutically acceptable
prodrug" is a compound that may be converted under
physiological conditions or by solvolysis to the
specified compound or to apharmaceutically acceptable
salt of such compound. Prodrugs include compounds
wherein an amino acid residue, or a polypeptide chain
of two or more (e.g., two, three or four) amino acid
residues (i.e., peptides) is covalently joined through
an amide or ester bond to a free amino, hydroxy or
carboxylic acid group of compounds of the present
invention. Amino acid residues include, but are not
limited to, the 20 naturally occurring amino acids
commonly designated by three letter symbols and also
includes 4-hydroxyproline, hydroxylysine, demosine,
isodemosine, 3-methylhistidine, norvaline,
beta-alanine, gamma-aminobutyric acid, cirtulline,
homocysteine, homoserine, ornithine and methionine
sulfone. One preferred prodrug of this invention is a
compound of Formula I covalently joined to a phosphate
residue. Another preferred prodrug of this invention
is a compound of Formula I covalently joined to a
valine residue or an alanine-alanine dipeptide.
[00190] Additional types of prodrugs are also
encompassed. For instance, free carboxyl groups can be
derivatized as amides or alkyl esters. As another
example, compounds of this invention comprising free
hydroxy groups may be derivatized as prodrugs by
converting the hydroxy group into groups such as, but
not limited to, phosphate ester, hemisuccinate,
dimethylaminoacetate, or
phosphoryloxymethyloxycarbonyl groups, as outlined in
Advanced Drug Delivery Reviews, 1996, 19, 115.
Carbamate prodrugs of hydroxy and amino groups are
also included, as are carbonate prodrugs, sulfonate
esters and sulfate esters of hydroxy groups.
Derivatization of hydroxy groups as (acyloxy)methyl
and (acyloxy)ethyl ethers wherein the acyl group may
be an alkyl ester, optionally substituted with groups
including, but not limited to, ether, amine and
carboxylic acid functionalities, or where the acyl
group is an amino acid ester as described above, are
also encompassed. Prodrugs of this type are described
in J. Med. Chem., 1996, 39, 10. More specific examples
include replacement of the hydrogen atom of the
alcohol group with a group such as (C1-
C6)alkanoyloxymethyl, l-((Ci-C 6)alkanoyloxy)ethyl,
l-methyl-l-((C 1-C6)alkanoyloxy)ethyl,
(C1-C6)alkoxycarbonyloxymethyl, N-(C
1-C6)alkoxycarbonylaminomethyl, succinoyl,
(Ci-C^alkanoyl, a-amino(C 1-C4)alkanoyl, arylacyl and
a-aminoacyl, or a-aminoacyl-a- aminoacyl, where each
a-aminoacyl group is independently selected from the
naturally occurring L-amino acids, P(O)(OH) ,
-P(O)(O(C -C6)alkyl)2 or glycosyl (the radical
resulting from the removal of a hydroxyl group of the
hemiacetal form of a carbohydrate). [00191] Free
amines can also be derivatized as amides, sulfonamides
or phosphonamides. All of these prodrug moieties may
incorporate groups including, but not limited to,
ether, amine and carboxylic acid functionalities. For
example, a prodrug can beformed by the replacement of
a hydrogen atom in the amine group with a group such
as Rcarbonyl, RO-carbonyl, NRR'-carbonyl where R and
R1are each independently (C1-C10)alkyl,
(C3-C7)cycloalkyl, benzyl, or R-carbonyl is a natural
a-aminoacyl or natural a-aminoacylnatural a-aminoacyl,
-C(OH)C(O)OY wherein Y is H, (C1-C6)alkyl or benzyl,
-C(OY0)Y1 wherein Y0 is (C1-C4) alkyl and Y1 is
(Ci-C6)alkyl, carboxy(C! -C6)alkyl, amino(C 1-C4)alkyl
or mono-N- or di-N,N- (d-C^alkylaminoalkyl, -C(Y2)Y3
wherein Y2 is H or methyl and Y3 is mono-N- or
di-N,N-(C 1-C6)alkylamino, morpholino, piperidin-1-yl
or pyrrolidin-1-yl. [00192] Prodrugs of a compound may
be identified using routine techniques known in the
art. Various forms of prodrugs are known in the art.
For examples of such prodrug derivatives, see, for
example, a) Design of Prodrugs, edited by H.
Bundgaard, (Elsevier, 1985) and Methods in Enzymology,
Vol. 42, p. 309-396, edited by K. Widder, et al.
(Academic Press, 1985); b) A Textbook of Drug Design
and Development, edited by Krogsgaard-Larsen and H.
Bundgaard, Chapter 5 "Design and Application of
Prodrugs " by H. Bundgaard p. 113-191 (1991); c) H.
Bundgaard, Advanced Drug Delivery Reviews, 8, 1- 38
(1992); d) H. Bundgaard, et al., Journal of
Pharmaceutical Sciences, 77:285 (1988); and e) N.
Kakeya, et al., Chem. Pharm. Bull., 32: 692 (1984),
each of which is specifically incorporated herein by
reference. [00193] A "metabolite" is a
pharmacologically active product produced through in
vivo metabolism of a specified compound or salt or
prodrug thereof. Such products may result for example
from the oxidation, reduction, hydrolysis, amidation,
deamidation, esterification, deesterification,
enzymatic cleavage, and the like, of the administered
compound. The invention also includes products
produced by a process comprising contacting a compound
of this invention with a mammal for a period of time
sufficient to yield a metabolic product thereof.
[00194] Metabolites of a compound may be identified
using routine techniques known in the art. For
example, metabolite products typically are identified
by preparing a radiolabeled (e.g., 1 C or 3H) isotope
of a compound of the invention, administering it
parenterally in a detectable dose (e.g., greater than
about 0.5 mg/kg) to an animal such as rat, mouse,
guinea pig, monkey, or to man, allowing sufficient
time for metabolism to occur (typically about 30
seconds to 30 hours) and isolating its conversion
products from the urine, blood or other biological
samples. These products are easily isolated since they
are labeled (others are isolated by the use of
antibodies capable of binding epitopes surviving in
the metabolite). The metabolite structures are
determined in conventional fashion, e.g., by MS,LC/MS
or NMR analysis. In general, analysis of metabolites
is done in the same way as conventional drug
metabolism studies well-known to those skilled in the
art. The metabolite products, so long as they are not
otherwise found in vivo, are useful in diagnostic
assays for therapeutic dosing of the compounds of the
invention. [00195] The term "solvate" refers to an
aggregate of a molecule with one or more solvent
molecules. [00196] A "pharmaceutically acceptable
salt," unless otherwise indicated, includes salts that
retain the biological effectiveness of the free acids
and bases of the specified compound and that are not
biologically or otherwise undesirable. A compound of
the invention may possess a sufficiently acidic, a
sufficiently basic, or both functional groups, and
accordingly react with any of a number of inorganic or
organic bases, and inorganic and organic acids, to
form a pharmaceutically acceptable salt. Examples of
pharmaceutically acceptable salts include those salts
prepared by reaction of the compounds of the present
invention with a mineral or organic acid or an
inorganic base, such salts including sulfates,
pyrosulfates, bisulfates, sulfites, bisulfites,
phosphates, monohydrogenphosphates,
dihydrogenphosphates, metaphosphates, pyrophosphates,
chlorides, bromides, iodides, acetates, propionates,
decanoates, caprylates, acrylates, formates,
isobutyrates, caproates, heptanoates, propiolates,
oxalates, malonates, succinates, suberates, sebacates,
fumarates, maleates, butyn-l,4-dioates,
hexyne-l,6-dioates, benzoates, chlorobenzoates,
methylbenzoates, dinitromenzoates, hydroxybenzoates,
methoxybenzoates, phthalates, sulfonates,
xylenesulfonates, pheylacetates, phenylpropionates,
phenylbutyrates, citrates, lactates,
g-hydroxybutyrates, glycolates, tartrates,
methanesulfonates, propanesulfonates, naphthalene-
1-sulfonates, naphthalene-2-sulfonates, and
mandelates. Since a single compound of the present
invention may include more than one acidic or basic
moiety, the compounds of the present invention may
include mono, di or tri-salts in a single compound.
[00197] If the inventive compound is a base, the
desired pharmaceutically acceptable salt may be
prepared by any suitable method available in the art,
for example, treatment of the free base with an acidic
compound, particularly an inorganic acid, such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, phosphoric acid and the like, or with an
organic acid, such as acetic acid, maleic acid,
succinic acid, mandelic acid, fumaric acid, malonic
acid, pyruvic acid, oxalic acid, glycolic acid,
salicylic acid, a pyranosidyl acid, such as glucuronic
acid or galacturonic acid, an alpha hydroxy acid, such
as citric acid or tartaric acid, an amino acid, such
as aspartic acid or glutamic acid, an aromatic acid,
such as benzoic acid or cinnamic acid, a sulfonic
acid, such as p-toluenesulfonic acid or ethanesulfonic
acid,or the like. [00198] If the inventive compound is
an acid, the desired pharmaceutically acceptable salt
may be prepared by any suitable method, for example,
treatment of the free acid with an inorganic or
organic base. Preferred inorganic salts are those
formed with alkali and alkaline earth metals such as
lithium, sodium, potassium, barium and calcium.
Preferred organic base salts include, for example,
ammonium, dibenzylammonium, benzylammonium, 2-
hydroxyethylammonium, bis(2-hydroxyethyl)ammoniurn,
phenylethylbenzylamine, dibenzylethylenediamine, and
the like salts. Other salts of acidic moieties may
include, for example, those salts formed with
procaine, quinine and N-methylglusoamine, plus salts
formed with basic amino acids such as glycine,
ornithine, histidine, phenylglycine, lysine and
arginine. [00199] The compounds of Formula I also
include other salts of such compounds 



which are not necessarily pharmaceutically acceptable
salts, and which may be useful as intermediates for
preparing and/or purifying compounds of Formula I
and/or for separating enantiomers of compounds of
Formula I. [00200] The inventive compounds may be
prepared using the reaction routes and synthetic
schemes such as in Schemes I-XIX described below,
employing techniques available in the art using
starting materials that are readily available or can
be synthesized using methods known in the art. I l 1-2
1-3 Scheme I [00201] Scheme I illustrates one method
of preparing thiadiazoline intermediates of the
Formula 1-3. Thiocarbazide 1-1 (Takasugi, J. J.,
Buckwalter, B. L., European patent EP 1004241) can be
condensed with the desired ketone or aldehyde 1-2 in
an appropriate organic solvent such as ethanol,
methylene chloride, 1,1-diethoxyethane or the like,
optionally in the presence of a suitable acid such as
acetic acid, at room temperature or elevated
temperatures to give a thiadiazoline of Formula 1-3.
In one embodiment, 1-1 is combined with 1-2 in ethanol
at room temperature to afford thiadiazoline 1-3,
wherein R1, Ar1 and Ar2 are as defined herein.26
Scheme II [00202] Thiadiazolylthiadiazolines of the
Formula II-4 can be prepared from intermediate 1-3 as
illustrated in Scheme II. One method for generating
thiourea intermediate II-l comprises reacting
intermediate 1-3 with an appropriate thiocarbonylating
agent such as thiocarbonyldiimidazole or
thiocarbonylditriazole in a suitable solvent such as
THF, 1,2- dichloroethane, methylene chloride, or
acetonitrile at elevated temperatures, followed by
treatment with ammonia. In one embodiment,
intermediate 1-3 is reacted with
thiocarbonyldiimidazole in THF at elevated
temperatures (e.g., from 60 0C to reflux) and then
treated with concentrated aqueous ammonia to afford
II-l. Alternatively, II-l can be synthesized via
treatment of 1-3 with a suitable acyl isothiocyanate
or alkoxycarbonyl isothiocyanate such as benzoyl
isothiocyanate, ethoxycarbonyl isothiocyanate, acetyl
isothiocyanate or 4-chlorobenzoyl isothiocyanate in an
appropriate solvent such as THF, methylene chloride,
ethanol, acetone, acetonitrile or DMF at elevated
temperatures to form II-2, where R is alkyl, aryl or
alkoxy. [00203] Intermediate II-2 can then be
converted to II-l by removal of the acyl or
alkoxycarbonyl group with a suitable base such as, but
not limited to, K2CO3, NaOH, NaOMe, ammonia or
hydrazine in a suitable solvent such as methanol,
ethanol, acetone, THF, or aqueous mixtures of such
solvents at elevated temperatures. In one embodiment,
1-3 is treated with benzoyl isothiocyanate in THF at
reflux to afford II-2, which is then subjected to
aqueous K CO3 in methanol with heating (70 0C) to
generate II-l. Intermediate II-l canbe converted to
II-4 by heating with an appropriate a-haloketone or
a-haloaldehyde II-3 in a suitable solvent such as
ethanol, DMF or acetone at elevated temperatures.
Optionally, a base such as diisopropylethylamine or
triethylamine can be added to the reaction mixture
when either H-I or II-3 bears acid-sensitive
functionality. In one embodiment, intermediate H-I is
heated (60-70 C) with II-3 and diisopropylethylamine
in ethanol to provide compound II-4. [00204] For the
purposes of Scheme II, R , Ar and Ar are as defined
herein, R includes, but is not limited to, H, alkyl,
cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, -C(=O)NR10Rn , -C(=O)R10,
-C(O)OR10, and substituted forms thereof, and R5a
independently includes, but is not limited to, H
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, and substituted forms
thereof.2006/016526 Scheme III [00205] Compounds of
Formulas III-5 and III-9 can be synthesized as
illustrated in Scheme III. To prepare a compound of
Formula III-5, intermediate 1-3 can be reacted with
carbonyldiimidazole in a suitable solvent such as THF
or methylene chloride at elevated temperatures to
provide III-l. Intermediate III-l can then be
alkylated with a suitable alkylating agent such as,
but not limited to, iodomethane, methyl
trifluoromethanesulfonate, or benzyl bromide, in an
appropriate solvent such as acetonitrile or methylene
chloride at room temperature or elevated temperatures
to produce imidazolium intermediate III-2, where R' is
alkyl or arylmethyl. In one embodiment, III-l is
alkylated using iodomethane in acetonitrile. III-4 can
be synthesized by treating III-2 with an appropriate
amine of theFormula III-3 in the presence of a base
such as triethylamine, diisopropylethylamine or excess
III-3 in a suitable solvent such as THF5 DMF or
methylene chloride. In another embodiment, III-2 is
subjected to excess III-3 in methylene chloride to
afford urea III-4. Urea III-4 can be converted to
3-oxazolylthiadiazoline III-5 by a procedure that
includes hydrolysis of the dialkyl acetal utilizing an
appropriate acid such as p-toluenesulfonic acid, TFA
or sulfuric acid in a suitable aqueous-organic solvent
mixture such as wet acetone, chloroform-water, or wet
methanol, followed by isolation of the deprotected
intermediate (which can exist as a mixture of aldehyde
and hemiacetal species) and subjecting this crude
material to conditions for oxazole formation. Oxazole
formation can be achieved under a variety of reaction
conditions such as, but not limited to: 1) a two-step,
one-pot procedure in which the first step comprises
treatment with a combination of a phosphine such as
triphenylphosphine, a halogenating reagent such as
iodine, bromine, hexachloroethane or 1,2-
dibromo-l,l,2,2-tetrachloroethane, and a suitable base
such as triethylamine, pyridine, collidine, or
2,6-di-tert-butylpyridine in an appropriate solvent
such as methylene chloride or acetonitrile, and the
second step comprises treatment with a suitable base
such as DBU, triethylamine or diisopropylethylamine at
room temperature or elevated temperatures; or 2) POCl
, SOCl2, Burgess reagent or like reagents in a
suitable solvent such as toluene, pyridine,
acetonitrile or THF at elevated temperatures. In one
embodiment, III-4 is heated at elevated temperature
(e.g., 70 0C) with p-toluenesulfonic acid in THF-water
solvent. The crude product is then isolated and
immediately treated with triphenylphosphine,
1,2-dibromo- 1,1,2,2-tetrachloroethane and
2,6-di-tert-butylpyridine in dichloromethane followed
by DBU in acetonitrile to afford III-5. [00206] To
prepare a compound of Formula III-9, as shown in
Scheme III, imidazolium intermediate III-2 can be
converted to urea intermediate III-7 by treatment with
the appropriate amino alcohol III-6 in the presence of
a base such as triethylamine, diisopropylethylamine or
excess III-6 in a suitable solvent such as THF or
methylene chloride. Oxidation of III-7 to provide
ketone HI-8 can be achieved by treatment with a
suitable oxidizing agent in an appropriate solvent
such as methylene chloride or chloroform. Suitable
oxidizing agents include, but are not limited to,
DMSO/oxalyl chloride/NEt3 and Dess-Martin periodinane.
Intermediate IH-8 can be converted to III-9 under
suitable reaction conditions such as, but not limited
to: 1) a two-step, one-pot procedure in which the
first step comprises treatment with a combination of a
phosphine such as triphenylphosphine, a halogenating
reagent such as iodine, bromine, hexachloroethane or
l,2-dibromo-l,l,2,2- tetrachloroethane, and a suitable
base such as triethylamine, pyridine, collidine, or
2,6-di-tertbutylpyridine in an appropriate solvent
such as methylene chloride or acetonitrile, and the
second step comprises treatment with a suitable base
such as DBU, triethylamine or diisopropylethylamine at
room temperature or elevated temperatures; or 2)
POCl3, SOCl2, Burgess reagent or like reagents in a
suitable solvent such as toluene, pyridine,
acetonitrile or THF at elevated temperatures. [00207]
For the purposes of Scheme III, R1, Ar1 and Ar2 are as
defined herein, R5 includes, but is not limited to, H,
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, -C(O)NR 10R11, -C(=O)R10 ,
-C(O)OR10 , and substituted forms thereof, and R5a
independently includes, but is not limited to, H,
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, and substituted forms thereof.
Scheme IV [00208] Scheme IV illustrates a method for
preparing 3-dihydropyrrol-onethiadiazolines.
Thiadiazolines of Formula IV-I can be prepared by
reacting intermediate 1-3 with 3,4-dihydropyrrol-2-one
(where X is a leaving group) in a suitable organic
solvent such as THF, ethanol, methylene chloride,
1,1-diethoxyethane, isopropanol or the like at
elevated temperatures (e.g., 60-80 C). In one
embodiment, 1-3 is reacted with 5-ethoxy-3,4-
dihydropyrrol-2-one (Chem. Pharm. Bull, 22(12), 2999
(1974)) in THF and isopropanol at 80 C to afford a
thiadiazoline of Formula IV-I. [00209] For the
purposes of Scheme IV, R1, Ar1 and Ar2 are as defined
herein, and R5 and R5a independently include, but are
not limited to, H, halogen, cyano, nitro, azido,
-NR10R11, -NR10SO2R13 , -SO2NR10R11, -C(O)R 10,
-C(O)OR 10, -OC(O)R 10 , -NR10C(O)OR 13 ,
-NR10CC=O)R1\ -C(O)NR 10R11, -SR10, -S(O)R 13 ,
-SO2R13, - SO2NHC(=O)R 10 , -NR10C(O)NR 11R12 ,
-NR10C(NCN)NR 11R12 , -OR10, alkyl, cycloalkyl,
alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl, and
substituted forms thereof.1-3 V-I V-2 Scheme V [00210]
Scheme V illustrates a method of preparing
3-(4,5-dihydrothiazol-2-yl)- thiadiazolines of Formula
V-2. Intermediate V-I can be prepared from 1-3 in a
manner similar to the preparation of II-l in Scheme
II. In one embodiment, 1-3 is reacted with
thiocarbonyldiimidazole in THF at reflux and then
treated with 2-bromoethylamine at reflux to afford V-I
where X is bromine. Optionally, a base such as
diisopropylethylamine or triethylamine can be added in
the presence of acid-sensitive functionality.
Intermediate V-I, where X is a leaving group, can be
converted to a thiadiazoline V-2 with a suitable base
such as, but not limited to, a tertiary amine, K2CO ,
NaOMe, or NaOH, or by heating intermediate V-I at
elevated temperatures in a suitable organic solvent
such as THF, ethanol, methylene chloride,
1,1-diethoxyethane, isopropanol or the like. In one
embodiment, V-I is heated at elevated temperatures
(e.g., 70-90 0C) in THF to afford a thiadiazoline of
Formula V-2. [00211] For the purposes of Scheme V, R1,
Ar1 and Ar2 are as defined herein R5 and R5a
independently include, but are not limited to, H,
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, -CO=O)NR10R11, -C(O)R 10 , -C(O)OR
10 , and substituted forms thereof.m-2 VI-I VI-2 Y = O
or S P =R3 Or NR10R11 VI-3 VI-4 VI-5 Scheme VI [00212]
Scheme VI illustrates methods for preparing
5-(l,3,4-thiadiazol-3(2H)-yl)- 1,3,4-oxadiazoles.
According to one method, intermediate III-2 is reacted
with the appropriate hydrazide, thiohydrazide,
semicarbazide or thiosemicarbazide and a suitable base
such as triethylamine or diisopropylethylamine in an
organic solvent such as DCM, THF, 



DCE, acetone, DMF or acetonitrile to give
thiadiazoline VI-I where Y is O or S and P is R5 or
NR10R11, where R10 and R11 are as defined herein. For
the purposes of Scheme VI, R5 includes, but is not
limited to, H, alkyl, cycloalkyl, alkenyl, alkynyl,
aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, heterocyclylalkyl, and substituted forms
thereof. Thiadiazoline VI-2 can then be prepared by
reacting intermediate VI-I with POCl , EDCI, MeI or
other activating agent with the optional addition of a
suitable base such as triethylamine or
diisopropylethylamine in a suitable organic solvent
such as DCE, DCM, DMF, THF or acetonitrile. In one
embodiment, intermediate III-2 is reacted with
acetohydrazide and triethylamine in DCM to give
intermediate VI-I, where P is methyl and Y is oxygen.
Intermediate VI-I is then reacted with POCl 3 and
diisopropylethylamine in DCE at room temperature to
give oxadiazole VI-2.[00213] In another embodiment as
shown in Scheme VI5 intermediate III-2 can be reacted
with a thiosemicarbazide in a suitable organic solvent
such as THF5MeCN5DCM or DCE at room temperature to
give intermediate VI-I where Y is sulfur and P is
NR10R11. Intermediate VI-I is then treated with EDCI
or other suitable activating agent to give amino
oxadiazole VI-5, wherein R1, Ar1, Ar2, R10 and R11 are
as defined herein. [00214] Alternatively, as also
shown in Scheme VI, intermediate III-2 can be treated
with hydrazine and an appropriate base such as
triethylamine, diisopropylethylamine or excess
hydrazine in a suitable organic solvent such as DCM,
THF5 DCE, acetone, DMF or acetonitrile to give
intermediate VI-3. Intermediate VI-3 can then be
treated with BrCN in the presence of a suitable base
such as triethylamine, diisopropylethylamine, K2CO ,
NaHCO3, or NaOAc in an appropriate organic solvent
such as DCE5 DCM5 THF, ether, or acetonitrile at room
temperature or elevated temperatures to give
oxadiazole VI-4. Functionalization of the amino group
affords oxadiazoles VI-5 (Arzneimittel-Forschung
(2003), 53(5), 301-306; Heterocyclic Communications
(2003), 9(2), 199-202; Arzneimittel- Forschung (2003),
53(1), 44-52). Scheme VII [00215]
5-(l,3,4-thiadiazol-3(2H)-yl)-l,3,4-thiadiazoles of
Formula VII-2 can be prepared from intermediate 1-3 as
illustrated in Scheme VII, One method includes
preparing intermediate VII-I by reacting 1-3 with an
appropriate thiocarbonylating agent such
asthiocarbonyldiimidazole or thiocarbonylditriazole in
a suitable solvent such as THF5 1,2- dichloroethane,
methylene chloride, or acetonitrile at elevated
temperatures followed by treatment with the
appropriate hydrazide or semicarbazide to provide
intermediate VII-I. Thiadiazoline VII-2 can be
prepared by reacting intermediate VII-I with POCl ,
EDCI5 MeI or other activating agent, optionally in the
presence of a suitable base such as triethylamine or
diisopropylethylamine, in a suitable organic solvent
such as DCE5 DCM, DMF, THF or acetonitrile.
Alternatively, VII-I can be synthesized via VII-3,
which can be prepared by reacting 1-3 with an
appropriate thiocarbonylating agent such as
thiocarbonyldiimidazole or thiocarbonylditriazole in a
suitable solvent such as THF, 1,2-dichloroethane,
methylene chloride, or acetonitrile at elevated
temperatures followed by addition of hydrazine.
Treatment of VII-3 with a suitable isocyanate,
anhydride or acyl chloride in an appropriate solvent
such as THF5 methylene chloride, ethanol, acetone,
acetonitrile or DMF provides intermediate VII-I. In
one embodiment, intermediate 1-3 is reacted with
thiocarbonyldiimidazole in THF at elevated
temperatures (e.g., from 60 C to reflux) and then
treated with hydrazine to afford intermediate VII-3.
Intermediate VII-3 is then reacted with an acid
anhydride in dichloromethane to give VII-I, which is
treated with POCl3 and diisopropylethylamine in DCE at
room temperature to give thiadiazole VII-2. [00216]
Alternatively, as shown in Scheme VII,
5-(l,3,4-thiadiazol-3(2H)-yl)-l,3,4- thiadiazole VII-2
can be prepared through thiadiazoline VII-3 upon
treatment with 1,1,1- trialkoxyalkanes and a suitable
acid such as j -toluenesulfonic acid, camphorsulfonic
acid or TFA in neat 1,1,1-trialkoxyalkane or in a
suitable solvent such as DMF, DCM, or alcoholic
solvent at elevated temperatures. In another
embodiment, VII-3 is reacted with trimethyl
orthoformate and catalytic amount of
t?-toluenesulfonic acid at 60 C to afford VII-2 where
R5 is hydrogen. [00217] Intermediate VII-3 can also be
treated with BrCN in the presence of a suitable base
such as triethylamine, diisopropylethylamine, K CO3,
NaHCO3 or NaOAc in an appropriate organic solvent such
as DCE, DCM, THF, ether, or acetonitrile at room
temperature or elevated temperatures to give
thiadiazole VTI-4. Functionalization of the amino
group affords thiadiazoles VII-5
{Arzneimittel-Forschung (2003), 53(5), 301-306;
Heterocyclic Communications (2003), 9(2), 199-202;
Arzneimittel-Forschung (2003), 53(1), 44-52). [00218]
For the purposes of Scheme VII, R1, Ar1, Ar2, R10 and
R1 1 are as defined herein, and R5 includes, but is
not limited to, H5 -NR10R11, alkyl, cycloalkyl,
alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl, and
substitutedforms thereof. Scheme VIII [00219] Scheme
VIII illustrates methods for preparing
5-(l,3,4-thiadiazol-3(2H)-yl)- 1,2,4-oxadiazoles of
Formula VIII-3. Thiadiazoline VIII-I can be prepared
by reacting intermediate III-2 with L^-hydroxyamidine
or iV-hydroxyguanidine in a suitable organic solvent
such as DCM, THF, DCE, acetone, DMF or acetonitrile.
Intermediate VIII-I can be converted to thiadiazoline
VTII-3 by treatment with a dehydrating agent or by
heating. Alternatively, VIII-I can be transformed to
VIII-2, wherein OR' is a leaving group, by treatment
with acetic anhydride, acetyl chloride,
methanesulfonyl chloride, /7-toluenesulfonyl chloride
or like reagents. Intermediate VIII-2 can be cyclized
to thiadiazoline VIII-3 by treatment with a
dehydrating agent or by heating. In one embodiment,
intermediate III-2 is reacted with
./V-hydroxyacetamidme in DCM to give intermediate
VIII-I wherein R5 is methyl. Intermediate VIII-I is
treated with acetic anhydride in DCM to afford Vffl-2,
where R1 is C(O)Me and R5 is methyl. Intermediate
VIII-2 is then heated in pyridine at 80 C to give
thiadiazoline VIII-3. [00220] For the purposes of
Scheme VIII, R1, Ar1, and Ar2 are as defined herein,
and R5 includes, but is not limited to, H, -NR10R11,
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, and substituted forms
thereof.Scheme IX [00221] Thiadiazolylthiadiazolines
of the Formula IX-2 can be prepared from intermediate
II-l as illustrated in Scheme IX. Intermediate H-I can
be converted to IX-2 by heating with an appropriate
cyclic ketone X-I, wherein X is halogen or other
suitable leaving group, Y is oxygen, sulfur, -S(O)-,
-S(O)2-, a substituted nitrogen group or an optionally
substituted carbon group, n is an integer from 1 to 4
and p is an integer from 1 to 4, in an appropriate
solvent such as ethanol, DMF or acetone at elevated
temperatures to provide IX- 2. Appropriate cyclic
ketones IX-I include, but are not limited to,
2-chlorocyclohexanone, 2- chlorocyclopentanone and
tert-butyl 3-bromo-4-oxopiperidine-l-carboxylate.
Optionally, a base such as diisopropylethylamine or
triethylamine can be added to the reaction mixture
when II-l bears acid-sensitive functionality.
Alternatively, compounds of the Formula IX-2 may be
synthesized by a two-step, one-pot procedure in which
an appropriate cyclic ketone of the Formula IX-3 is
first halogenated by treatment with iodine, bromine or
other suitable halogenating agent in a suitable
solvent such as ethanol, acetic acid or carbon
tetrachloride at elevated temperatures and then
subjected to II-l at elevated temperatures. [00222]
For the purposes of Scheme IX, R1, Ar1 and Ar2are as
defined herein, and Re, Rf, Rg, and Rh include, but
are not limited to, Cl, F, cyano, nitro, azido, -OR10
, -NR10R1 1, -NR10SO2R13 , -SO2NR10R1 1, -C(K))R 10,
-C(O)OR10, -OC(K))R 10 , -NR10C(O)OR 13 , -NR10C(K )
)R11, -C(K))NR 10R11, -SR10, -S(O)R13, -SO2R13,
-SO2NHC(K))R 10 -NR10C(K))NR 11R12 , -NR10C(NCN)NR1
1R12, alkyl, cycloalkyl, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl, heterocyclyl,
heterocyclylalkyl, and substituted formsthereof. X-4
Scheme X [00223] Triazolylthiadiazolines of the
Formula X-4 can be prepared from intermediate II-l as
illustrated in Scheme X. Intermediate II-l may be
acylated with the appropriate acyl halide or acid
anhydride in a suitable solvent such as THF, methylene
chloride, acetone, acetonitrile or DMF to form X-I.
Alternatively, X-I may be synthesized in a manner
similar to that of intermediate II-2 as shown in
Scheme II. Intermediate X-I can then be alkylated to
form X-2, where R' is an alkyl group, by treatment
with methyl iodide, methyl trifluoromethanesulfonate
or other suitable alkylating agent in the presence of
a suitable base such as sodium carbonate, potassium
carbonate, NaOH, or Ag2O, in an appropriate solvent
such as acetone, acetonitrile, THF, DMF or methanol.
X-2 can then be treated with a hydrazine of formula
X-3 in a suitable solvent such as ethanol, DMF, THF or
acetonitrile at room temperature or at elevated
temperatures to afford triazole X-4 as the predominant
product. When R6 is hydrogen, X-4 or a tautomer of X-4
is obtained. In one embodiment, I- 3 is treated with
benzoyl isothiocyanate in THF at reflux as shown in
Scheme II to give X-I wherein R is phenyl. Alkylation
of X-I with methyl iodide and sodium carbonate in THF
affords X-2 wherein R1is methyl. Treatment of X-2 with
hydrazine in ethanol provides X-4 wherein R6 is
hydrogen. [00224] For the purposes of Scheme X, R1,
Ar1 and Ar2 are as defined herein, R5 includes, but is
not limited to, H, alkyl, cycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl,arylalkyl, heteroarylalkyl,
heterocyclyl, heterocyclylalkyl, and substituted forms
thereof; and R6 may include, but is not limited to, H,
alkyl, cycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
heterocyclyl, and substituted forms thereof. XM XI-3
XI-4 Scheme XI [00225] Scheme XI illustrates a method
for preparing pyridinyl-thiadiazolines and
pyrimidyl-thiadiazolines, using pyridine based analog
XI-I as shown, or an appropriately substituted
pyrimidine. Substituted thiohydrazides of formula
XI-3, can be readily formed by reaction of XI-I with
an appropriate conjugate thioester XI-2, in an
appropriate solvent such as ethanol, DMF, THF, water
or mixtures at room or below (for example, at a
temperature ranging from -10 0C to 30 C) under basic
conditions such as, potassium carbonate, sodium
carbonate, sodium bicarbonate, triethyl amine and
similar entities. Thiadiazolines of Formula XI-4 can
be prepared by reacting intermediate XI-3 with an
appropriately substituted aldehyde or ketone 1-2 in a
suitable organic solvent such as THF, ethanol,
methylene chloride, 1,1-diethoxyethane, isopropanol or
the like, at a temperature ranging from, for example,
23-80 C. In one embodiment, XI-3 is reacted with
benzaldehyde {Acta Chem. Scand (14), 789, (1960); J.
Chem. Soc. Perkin Trans I (2), 360 (1981)) in ethanol,
with catalytic hydrochloric acid, at a temperature of,
for example, 23 C, to afford a thiadiazoline of
Formula XI-4. [00226] For the purposes of Scheme XI,
R1, Ar1 and Ar2 are as defined herein, Rj, Rj , Rk,
and Ri independently include, but are not limited to,
H, halogen, cyano, nitro, azido, 



-NR10R1 1, -NR10SO2R13 , -SO2NR10R1 1, -C(=O)R 10 ,
-C(O)OR 10, -OC(=O)R 10, -NR10C(=O)OR 13 , -NR10Q=O)R
1 1 -C(K))NR 10R1 1, -SR10 , -S(O)R 13 , -SO2R13 , -
SO2NHC(=O)R 10 , -NR10Q=O)NR 11R12 , -NR10C(NCN)NR 1
1R12 , -OR10, alkyl, cycloalkyl, alkenyl, alkynyl,
aryl, heteroaryl, arylalkyl, heteroarylalkyl,
heterocyclyl, heterocyclylalkyl, and substituted forms
thereof.XII l XII-2 O Ar1 R1 1-2 XII-3 Scheme XII
[00227] Scheme XII illustrates a method for preparing
bicyclic pyridinyl-thiadiazolines and bicyclic
pyrimidinyl-thiadiazolines, using appropriately
substituted pyridinyl hydrazines XII-I as depicted or
similarly substituted pyrimidinyl hydrazines.
Intermediate XII-I can be converted to XII-2 wherein Y
is oxygen, sulfur, -S(O)-, -S(O)2-, a substituted
nitrogen group or an optionally substituted carbon
group, n is an integer from 1 to 4 and p is an integer
from 1 to 4; X is nitrogen or an optionally
substituted carbon group, by reaction with an
appropriate thioester XI-2, in an appropriate solvent
such as ethanol, DMF5 THF, water ormixtures at or
below room temperature (for example between -10 0C to
30 C) utilizing bases such as, potassium carbonate,
sodium carbonate, sodium bicarbonate, triethylamine
and similar entities. Thiadiazolines of Formula XII-3
can be prepared by reacting intermediate XII-2 with an
appropriately substituted aldehyde or ketone 1-2 in a
suitable organic solvent such as THF, ethanol,
methylene chloride, 1,1-diethoxyethane, isopropanol or
the like at a temperature ranging, for example, from
23-80 0C as described in Scheme XI, and exemplified in
(Arkiv Kemi. (9), 255, (1956); Acta Chem. Scand. (14),
789, (1960); J. Chem. Soc. Perkin Trans I (2), 360
(1981). For the purposes of Scheme XII, R1, R5, R5a,
Ar1, and Ar2 are as defined herein. XIII-6 Scheme XIII
[00228] Scheme XIII illustrates a method of preparing
compounds of the Formulas XIII-4, XIII-5, XIII-6 and
XIII-7. XIII-I can be synthesized in a manner similar
to thatpreviously described in the above Schemes.
Nitrile XIII-I can be converted to imidate XIII- 2
wherein Q is oxygen by treatment with an anhydrous
solution of HCl in methanol, ethanol or other
appropriate alcohol at lowered or ambient
temperatures. XIII-I can be converted to thioimidate
XIII-2 wherein Q is sulfur by treatment with HCl and
the appropriate thiol in neat thiol or a suitable
solvent such as methanol, ethanol, ether or benzene.
In certain embodiments, XIII-I is subjected to
anhydrous ethanolic HCl at 0 0C and allowed to warm to
room temperature to afford the hydrochloride salt of
XIII-2 wherein Q is oxygen and R is ethyl. XIII-2 can
then be converted to amidine XIII-3 by treatment with
ammonia or the appropriate amine in ethanol, methanol
or other appropriate solvent. In certain embodiments,
XIII-2 is treated with an amine in methanol at room
temperature to afford XIII-3 or a tautomer thereof.
XIII-4 can be obtained by subjecting the hydrochloride
salt XIII-2 to cyanamide in alcoholic solvent,
followed by treatment with triethylamine or other
suitable base and the appropriate amine.
Alternatively, XIII-4 can be generated from XIII-3 by
treatment with cyanogen bromide or cyanogen chloride
and triethylamine or other suitable base in an
appropriate solvent such as ethanol, acetonitrile,
chloroform or DMF. XIII-5 is synthesized from XIII-2
by treatment with an alkoxyamine, hydroxylamine, or a
salt thereof in the presence of triethylamine or other
suitable base in ethanol, methanol, or other suitable
solvent. In certain embodiments, XIII-2, wherein Q is
oxygen and Rd is ethyl is treated with the appropriate
alkoxyamine hydrochloride in ethanol at room
temperature to afford XIII-5 1 wherein R is alkyl.
XIII-6 can be produced from XIII-2 by subjecting
XIII-2 to the appropriate mono-substituted amine at
room temperature or elevated temperature in ethanol,
methanol, or other appropriate solvent.XIV-4 Scheme
XIV [00229] Scheme XIV illustrates a method of
preparing compounds of the Formulas XIV-2, XIV-3 and
XIV-4. Amines of the formula XIV-I are prepared in a
manner similar to that described in the above Schemes.
Amine XIV-I can be converted to XIV-2 by treatment
with a guanidinylating reagent such as, but not
limited to, a substituted or unsubstituted
Smethylisothiourea, carbodiimide, 3,5-dimethyl-l
-pyrazole-1-carboxamidine or aminoiminomethanesulfonic
acid reagent in an appropriate solvent and at elevated
temperature if necessary. Alternatively, XIV-2 can be
prepared by subjecting XIV-I to a Nprotected
guanidinylating reagent such as, but not limited to,
di-Boc-S-methylisothiourea, di- CBz-triflylguanidine,
or N,N-bis(tert-butoxycarbonyl)-l
-pyrazole-l-carboxamidine in a suitable solvent
followed by subsequent removal of the protecting
groups under the appropriate conditions to provide
XIV-2 or a tautomer thereof. In certain embodiments,
amine XIV-I is treated with N,N'-bis(ter
t-butoxycarbonyl)-li -pyrazole-l-carboxamidine in
tetrahydrofuran, followed by treatment with
hydrochloric acid in dioxane to remove the
tertbutoxycarbonyl protecting groups to afford XIV-2
or a tautomer thereof wherein R18, R20 and R2 1 are
hydrogen. Compound XIV-3 can be obtained from amine
XIV-I by treatment with the appropriate imidate or
imidate salt in combination with a suitable base, in
an alcoholic solvent at elevated temperature. In
certain embodiments, amine XIV-I is treated with the
hydrochloride salt of an ethyl imidate and
triethylamine in refluxing anhydrous ethanol to afford
XIV-3 or a tautomer thereof. Compound XIV-4 is
prepared by treatment of amine XIV-I with the
appropriate cyanoimidate or cyanoimidate salt in
combination with a suitable base, in an alcoholic
solvent. In certain embodiments, amine XIV-I is
treated with an Ncyano ethyl imidate hydrochloride and
triethylamine in anhydrous ethanol to afford XIV-4 or
a tautomer thereof. Scheme XV [00230] Scheme XV
illustrates a method of preparing compounds of the
Formula XV- 2. Amine XIV-I can be converted to
compound XV-I by treatment with cyanogen bromide or
cyanogen chloride in the presence of a suitable base
and appropriate solvent. In certain embodiments, amine
XIV-I is treated with cyanogen bromide and
triethylamine in methylene chloride. Compound XV-2 can
be prepared by treatment of compound XV-I with excess
of an alkoxyamine or alkoxyamine salt in the presence
of an appropriate base in a suitable solvent
optionally at elevated temperatures. In certain
embodiments, XV-I is treated with excess alkoxyamine
hydrochloride salt and triethylamine in ethanol at
reflux temperature to provide XV-2 or a tautomer
thereof.XIV-1 XVI-1 XVI-2 Scheme XVI [00231] Scheme
XVI illustrates a method of preparing compounds of the
Formulas XVI-I and XVI-2. Compound XVI-I can be
prepared in one step from amine XIV-I by treatment
with a cyano-guanidinylating reagent such as, but not
limited to, an Ncyanocarbamimidate, an
-alkyl-N-cyanocarbamimidothioate, or dicyanamide salt.
Alternatively, compound XVI-I can be synthesized in a
two-step procedure from XIV-I by initial treatment
with a reagent including, but not limited to, an
N-cyanocarbonimidate or an -cyanocarbonimidodithioate,
optionally in the presence of a suitable base,
followed by subsequent treatment with ammonia or the
appropriate amine. In certain embodiments, the
hydrochloride salt of amine XIV-I is subjected to
diphenylcyanocarbonimidate and triethylamine in
isopropanol at room temperature, followed by treatment
with ammonia or the appropriate amine in methanol at
reflux temperature. Compound XVI-2 can be prepared by
treatment of compound XVI-I with acid and water in a
suitable solvent. In certain embodiments, compound
XVI-I is treated with hydrochloric acid in methanol
and water to provide compound XVI-2 or a tautomer
thereof.Scheme XVII [00232] Scheme XVII illustrates a
method of preparing compounds of the Formulas XVII-2
and XVII-3. Alkoxyamines of the formula XVII-I can be
prepared by a similar route to the preparation of
amines of the formula XIV-I using the appropriate
N~protected ketone precursor. Compound XVII-2 can be
prepared by treatment of alkoxyamine XVII-I with the
appropriate imidate or imidate salt in combination
with a suitable base, in an alcoholic solvent at
elevated temperature. In certain embodiments,
alkoxyamine XVII-I is treated with the hydrochloride
salt of an ethyl imidate and triethylamine in
refluxing absolute ethanol to afford XVII-2 or a
tautomer thereof. Compound XVII-3 can be prepared by
treatment of alkoxyamine XVII-I with a guanidinylating
reagent such as, but not limited to, a substituted or
unsubstituted -methylisothiourea, carbodiimide,
3,5-dimethyl-l H-pyrazole-lcarboxamidine or
aminoiminomethanesulfonic acid reagent in the
appropriate solvent and at elevated temperature if
necessary. Alternatively, XVII-3 can be prepared by
subjecting XVII-I to a iV-protected guanidinylating
reagent such as, but not limited to,
di-Boc-Smethylisothiourea, di-CBz-trifylguanidine, or
,#-bis(/e r -butoxycarbonyl)-l
-pyrazole-lcarboxamidine in a suitable solvent
followed by removal of the protecting groups under the
appropriate conditions to provide XVII-3 or a tautomer
thereof. In certain embodiments, alkoxyamine XVII-I is
treated with L^-bis(/er t-butoxycarbonyl)-l
H-pyrazole-lcarboxamidine in tetrahydrofuran, followed
by treatment with hydrochloric acid in dioxane
toremove the r -butoxycarbonyl protecting groups to
afford XVII-3 or a tautomer thereof wherein R18, R20
and R2 1 are hydrogen. XVIII-3 Scheme XVIII [00233]
Scheme XVIII illustrates a method of preparing
compounds of the Formulas XVIII-2 and XVIII-3.
Alkoxyamines of the formula XVIII-I can be prepared by
a similar route to the preparation of amines of the
formula XIV-I using the appropriate iV-protected
ketone precursor. Compound XVIII-2 can be prepared by
treatment of alkoxyamine XVIII- 1 with the appropriate
imidate or imidate salt in combination with a suitable
base, in an alcoholic solvent at elevated temperature.
In certain embodiments, alkoxyamine XVIII-I is treated
with the hydrochloride salt of an ethyl imidate and
triethylamine in refluxing absolute ethanol to afford
XVIII-2 or a tautomer thereof. Compound XVIII-3 can be
prepared by treatment of alkoxyamine XVIII-I with a
guanidinylating reagent such as, but not limited to, a
substituted or unsubstituted S-methylisothiourea,
carbodiimide, 3,5-dimethyl- l -pyrazole-
1-carboxamidine or aminoiminomethanesulfonic acid
reagent in the appropriate solvent and at elevated
temperature if necessary. Alternatively, XVIII-3 can
be prepared by subjecting XVIII-I to a iV-protected
guanidinylating reagent such as, but not limited to,
di-Boc- - methylisothiourea, di-CBz-trifylguanidine,
or l L -bis( rt-butoxycarbonyl)-l.
H-pyrazole-lcarboxamidine in a suitable solvent
followed by removal of the protecting groups under the
appropriate conditions to provide XVIII-3 or a
tautomer thereof. In certain embodiments,alkoxyamine
XVIII-I is treated with ,LP-bis( r -butoxycarbonyl)-l
-pyrazole-lcarboxamidine in tetrahydrofuran, followed
by treatment with hydrochloric acid in dioxane to
remove the ert-butoxycarbonyl protecting groups to
afford XVI I-3 wherein R18, R20 and R2 1 are hydrogen.
XIX-3 Scheme XIX 



[00234] Scheme XIX illustrates a method of preparing
compounds of the Formulas XIX-2 and XIX-3. Hydrazines
of the formula XIX-I can be prepared by a similar
route to the preparation of amines of the formula
XIV-I using the appropriate JV-protected ketone
precursor. Compound XIX-2 can be prepared by treatment
of hydrazine XIX-I with the appropriate imidate or
imidate salt in combination with a suitable base, in
an alcoholic solvent at elevated temperature. In
certain embodiments, hydrazine XIX-I is treated with
the hydrochloride salt of an ethyl imidate and
triethylamine in refluxing absolute ethanol to afford
XIX-2 or a tautomer thereof. Compound XIX-3 can be
prepared by treatment of hydrazine XIX-I with a
guanidinylating reagent such as, but not limited to, a
substituted or unsubstituted S-methylisothiourea,
carbodiimide,
3,5-dimethyl-l/i-pyrazole-l-carboxamidine or
aminoiminomethanesulfonic acid reagent in the
appropriate solvent and at elevated temperature if
necessary. Alternatively, XIX-3 can be prepared by
subjecting XIX-I to a Nprotected guanidinylating
reagent such as, but not limited to, di-Boc-
-methylisothiourea, diCBz-trifylguanidine, or
iV^V-bis(/er -butoxycarbonyl)-l
-pyrazole-l-carboxamidine in a suitable solvent
followed by removal of the protecting groups under the
appropriate conditions to provide XIX-3 or a tautomer
thereof. In certain embodiments, hydrazine XIX- 1 is
treated with iV -bis er -butoxycarbony^-l
-pyrazole-l-carboxamidine in tetrahydrofuran, followed
by treatment with hydrochloric acid in dioxane to
remove the tertbutoxycarbonyl protecting groups to
afford XIX-3 wherein R , R and R are hydrogen. [00235]
In the preparation of some analogues such as described
in Schemes I-XIX, the use of appropriate protecting
groups for functionality contained within the various
substituents may be necessary. In these cases,
deprotection of said functionality can be accomplished
using standard methods known by and available to those
skilled in the art. [00236] The compounds of the
invention find use in a variety of applications. As
will be appreciated by those skilled in the art,
mitosis may be altered in a variety of ways. That is,
one can affect mitosis either by increasing or
decreasing the activity of a component in the mitotic
pathway. Stated differently, mitosis may be affected
(e.g., disrupted) by disturbing equilibrium, either by
inhibiting or activating certain components. Similar
approaches may be used to alter meiosis. [00237] In
one embodiment, the compounds of the invention are
used to modulate mitotic spindle formation, thus
causing prolonged cell cycle arrest in mitosis. The
term "modulate" as used herein means altering mitotic
spindle formation, including increasing and decreasing
spindle formation. The term "mitotic spindle
formation" as used herein refers to organization of
microtubules into bipolar structures by mitotic
kinesins. "Mitotic spindle dysfunction" refers to
mitotic arrest and monopolar spindle formation.
[00238] The compounds of the invention are useful to
bind to and/or modulate the activity of a mitotic
kinesin. In an embodiment, the mitotic kinesin is a
member of the bimC subfamily of mitotic kinesins as
described in U.S. Patent No. 6,284,480, which is
incorporated herein by reference. In a further
embodiment, the mitotic kinesin is human KSP, although
the activity of mitotic kinesins from other organisms
may also be modulated by the compounds of the present
invention. In this context, modulate means either
increasing or decreasing spindle pole separation,
causing malformation, i.e., splaying, of mitotic
spindle poles, or otherwise causing morphological
perturbation of the mitotic spindle. Also included
within the definition of KSP for these purposes are
variants and/or fragments of KSP. In addition, other
mitotic kinesins may be inhibited by the compounds of
the present invention. [00239] The compounds of the
invention are useful for treating diseases and
conditions caused by abnormal cell growth or cellular
proliferation. Disease states which can be treatedby
the methods and compositions provided herein include,
but are not limited to, cancer, autoimmune disease,
arthritis, graft rejection, inflammatory bowel
disease, and proliferation induced after medical
procedures, including, but not limited to, surgery,
angioplasty, and the like. It is appreciated that in
some cases the cells may not be in a
hyperproliferative or hypoproliferative state
(abnormal state), but still require treatment. For
example, during wound healing, cells may be
proliferating "normally", but proliferation
enhancement may be desired. Similarly, in the
agriculture arena, cells may be in a "normal" state,
but proliferation modulation may be desired to enhance
a crop by directly enhancing growth of a crop, or by
inhibiting the growth of a plant or organism which
adversely affects the crop. Thus, in one embodiment,
the invention herein includes application to cells or
individuals that are afflicted or may eventually
become afflicted with any one of these disorders or
states. [00240] The invention also provides
pharmaceutical compositions for treating a
hyperproliferative disorder in a mammal, which
comprise a therapeutically effective amount of a
compound of the present invention, or a
pharmaceutically acceptable salt, prodrug, metabolite
or solvate thereof, and a pharmaceutically acceptable
carrier. In one embodiment, said pharmaceutical
composition is for the treatment of a
hyperproliferative disorder such as cancer, including,
but not limited to, skin, brain, lung, squamous cell,
bladder, gastric, pancreatic, breast, head, neck,
renal, kidney, ovarian, prostate, colorectal,
esophageal, testicular, gynecological, cardiac, liver,
bone, meninges, spinal cord, blood, skin, adrenal and
thyroid cancer. [00241] The compounds of the present
invention may also be useful as antifungal agents, by
modulating the activity of the fungal members of the
bimC kinesin subgroup, as described in U.S. Patent No.
6,284,480. [00242] The invention also relates to a
method of treating a hyperproliferative disorder in a
mammal, comprising administering to said mammal a
therapeutically effective amount of a compound of the
present invention, or a pharmaceutically acceptable
salt, prodrug, metabolite or solvate thereof. In one
embodiment, said method relates to the treatment of
cancer such as brain, lung, squamous cell, bladder,
gastric, pancreatic, breast, head, neck, renal,
kidney, ovarian, prostate, colorectal, esophageal,
testicular, gynecological, cardiac, liver, bone,
meninges, spinal cord, blood, skin, adrenal or thyroid
cancer. [00243] Patients that can be treated with
compounds of the present invention, or
pharmaceutically acceptable salts, prodrugs,
metabolites or solvates of said compounds, according
to the methods of this invention include, for example,
patients that have been diagnosed as having lung
cancer, bone cancer, CMML, pancreatic cancer, skin
cancer, cancerof the head and neck, cutaneous or
intraocular melanoma, uterine cancer, ovarian cancer,
rectal cancer, cancer of the anal region, stomach
cancer, colon cancer, breast cancer, testicular,
gynecologic tumors (e.g., uterine sarcomas, carcinoma
of the fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina or
carcinoma of the vulva), Hodgkin's disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system (e.g., cancer of the thyroid,
parathyroid or adrenal glands), sarcomas of soft
tissues, cancer of the urethra, cancer of the penis,
prostate cancer, chronic or acute leukemia, solid
tumors of childhood, lymphocytic lymphomas, cancer of
the bladder, cancer of the kidney or ureter (e.g.,
renal cell carcinoma, carcinoma of the renal pelvis),
or neoplasms of the central nervous system (e.g.,
primary CNS lymphoma, spinal axis tumors, brain stem
gliomas or pituitary adenomas). [00244] The terms
"abnormal cell growth" and "hyperproliferative
disorder" are used interchangeably in this application
and, unless otherwise indicated, refer to cell growth
that is independent of normal regulatory mechanisms
(e.g., loss of contact inhibition). This includes, but
is not limited to, the abnormal growth of: (1) tumor
cells (tumors) that proliferate by expressing a
mutated tyrosine kinase or overexpression of a
receptor tyrosine kinase; (2) benign and malignant
cells of other proliferative diseases in which
aberrant tyrosine kinase activation occurs; (3) any
tumors that proliferate by receptor tyrosine kinases;
(4) any tumors that proliferate by aberrant
serine/threonine kinase activation; and (5) benign and
malignant cells of other proliferative diseases in
which aberrant serine/threonine kinase activation
occurs. [00245] The term "treating," as used herein,
unless otherwise indicated, means reversing,
alleviating, inhibiting the progress of, or preventing
the disorder or condition to which such term applies,
or one or more symptoms of such disorder or condition.
The term "treatment," as used herein, unless otherwise
indicated, refers to the act of treating as "treating"
is defined immediately above. "Treating" is intended
to mean at least the mitigation of a disease condition
in a mammal, such as a human, and includes, but is not
limited to, modulating and/or inhibiting the disease
condition; and/or alleviating the disease condition.
[00246] The compounds of this invention may be used
alone or in combination with other drugs and therapies
used in the treatment of disease states which would
benefit from the inhibition of mitotic kinesins.
Accordingly, another aspect of this invention provides
a method for treating a hyperproliferative disorder in
a mammal that comprises administering to said mammal a
therapeutically effective amount of a compound of the
present invention, ora pharmaceutically acceptable
salt, prodrug, metabolite or solvate thereof, in
combination with an anti-tumor agent such as, but not
limited to: [00247] (i)
antiproliferative/anti-neoplastic drugs and
combinations thereof, as used in medical oncology,
such as alkylating agents (for example, cisplatin,
carboplatin, cyclophosphamide, nitrogen mustard,
melphalan, chlorambucil, busulphan and nitrosoureas);
anti-metabolites (for example, antifolates such as
such as fluoropyrimidines like 5- fluorouracil and
tegafur, raltitrexed, methotrexate, cytosine
arabinside, hydroxyurea, or, one of the preferred
anti-metabolites disclosed in European Patent
Application No. 239362 such as
N-(5-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin-6-ylmeth
yl)-N-methylamino]-2-thenoyl)- L-glutamic acid);
antitumor antibiotics (for example, anthracyclines
like adriamycin, bleomycin, doxorubicin, daunomycin,
epirubicin, idarubicin, mitomycin-C, dactinomycin and
mithramycin); antimitotic agents (for example, vinca
alkaloids like vincristine, vinblastine, vindesine and
vinorelbine and taxoids like taxol and taxotere); and
topoisomerase inhibitors (for example
epipodophyllotoxins like eptoposide and teniposide,
amsacrine, topotecan and campothecin); [00248] (ii)
cytostatic agents such as anti-estrogens (for example,
tamoxifen, toremifene, raloxifene, droloxifene and
iodoxyfene), estrogen receptor down regulators (for
example, fulvestratrant), anti-androgens (for example,
bicalutamide, flutamide, nilutamide, cyproxerone
acetate and Casodex(tm)
(4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-
methyl-3'-(trifluoromethyl)propionanilide)), LHRH
antagonists or LHRH agonists (for example, goserelin,
leuporelin and buserelin), progestogens (for example,
megestrol acetate), aromatase inhibitors (for example,
asanastrozole, letrozole, vorazole and exemestane) and
inhibitors of 5a-reductase such as finasteride;
[00249] (iii) agents which inhibit cancer cell
invasion (for example, metalloproteinase inhibitors
like marimastat and inhibitors of urokinase
plasminogen activator receptor function); [00250] (iv)
inhibitors of growth factor function like growth
factor antibodies, growth factor receptor antibodies
(for example, the anti-erbB2 antibody trastumuzab
[Herceptin(tm)] and the anti-erbBl antibody cetuximab
[C225]), farnesyl transferase inhibitors, tyrosine 



kinase inhibitors and serine-threonine kinase
inhibitors (for example, inhibitors of the epidermal
growth factor family tyrosine kinases such as
N-(3-chloro-4-fluorophenyl)-7-
methoxy-6-(3-morpholinopropoxy)quinazolin-4-amine
(gefitinib, AZDl 839), N-(3-
ethynylphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-am
ine (erlotinib, OSI-774) and
6-acrylamido-N-(3-chloro-4-fluorophenyl)-7-(3-mo f
holinopropoxy)quinazolin-4-amine (CI 1033)),
inhibitors of the platelet-derived growth factor
family and inhibitors of the hepatocyte growth factor
family; [00251] (v) anti-angiogenic agents such as
those which inhibit the effects of vascular
endothelial growth factor (for example, the
anti-vascular endothelial cell growth factor antibody
bevacizumab [Avastin(tm)], compounds such as those
disclosed in PCT Publication Nos. WO 97/22596, WO
97/30035, WO 97/32856, and WO 98/13354) and compounds
that work by other mechanisms (for example, linomide,
inhibitors of integrin avb3 function, MMP inhibitors,
COX-2 inhibitors and angiostatin); [00252] (vi)
vascular damaging agents such as Combretastatin A4 and
compounds disclosed in PCT Publication Nos. WO
99/02166, WO 0/40529, WO 00/41669, WO 01/92224, WO
02/04434, and WO 02/08213; [00253] (vii) antisense DNA
or RNA therapies (for example, those which are
directed to the targets listed above such as ISIS
2503, and anti-ras antisense); [00254] (viii) gene
therapy approaches, including for example GVAX(tm),
approaches to replace aberrant genes such as aberrant
p53 or aberrant BRCAl or BRCA2, GDEPT (genedirected
enzyme pro-drug therapy) approaches such as those
using cytosine deaminase, thymidine kinase or a
bacterial nitroreductase enzyme and approaches to
increase patient tolerance to chemotherapy or
radiotherapy such as multi-drug resistance gene
therapy; [00255] (ix) interferon; [00256] (x)
immunotherapy approaches, including for example
ex-vivo and in-vivo approaches to increase the
immunogenicity of patient tumor cells, such as
transfection with cytokines such as interleukin 2,
interleukin 4 or granulocyte-macrophage colony
stimulating factor, approaches to decrease T-cell
anergy, approaches to using transfected immune cells
such as cytokine-transfected dendritic cells,
approaches using cytokine-transfected tumor cell lines
and approaches using anti-idiotypic antibodies; and
[00257] (xi) miscellaneous agents such as
intercalating antibiotics, signal transduction
inhibitors, cell cycle inhibitors, enzyme inhibitors,
retinoid receptor modulators, proteasome inhibitors,
biological response modifiers, anti-hormones, targeted
antibodies, HMG-CoA reductase inhibitors, and
prenyl-protein transferase inhibitors. [00258]
According to this aspect of the invention there is
also provided a pharmaceutical composition comprising
a compound of Formula I as defined herein and an
additional anti-tumor agent as defined herein for the
conjoint treatment of abnormal cellgrowth. Such
conjoint treatment may be achieved by way of the
simultaneous, sequential or separate dosing of the
individual components of treatment. Such compositions
employ the compounds of this invention within the dose
ranges described herein and the additional anti tumor
agent within its approved dose range [00259] This
invention also relates to a pharmaceutical composition
for inhibiting abnormal cell growth in a mammal which
comprises an amount of a compound of Formula I or a
pharmaceutically acceptable salt, solvate, metabolite
or prodrug thereof, in combination with an amount of a
chemotherapeutic, wherein the amounts of the compound
of Formula I or pharmaceutically acceptable salt,
solvate, metabolite or prodrug thereof, and of the
chemotherapeutic are together effective in inhibiting
abnormal cell growth. Many chemotherapeutics are
presently known in the art. In one embodiment, the
chemotherapeutic is selected from the group consisting
of mitotic inhibitors, alkylating agents,
anti-metabolites, antisense DNA or RNA, intercalating
antibiotics, growth factor inhibitors, signal
transduction inhibitors, cell cycle inhibitors, enzyme
inhibitors, retinoid receptor modulators, proteasome
inhibitors, topoisomerase inhibitors, biological
response modifiers, anti-hormones, angiogenesis
inhibitors, anti-androgens, targeted antibodies,
HMG-CoA reductase inhibitors, and prenyl-protein
transferase inhibitors. [00260] This invention further
relates to a method for inhibiting abnormal cell
growth in a mammal or treating a hyperproliferative
disorder which comprises administering to the mammal
an amount of a compound of Formula I or a
pharmaceutically acceptable salt, metabolite, solvate
or prodrug thereof, in combination with radiation
therapy, wherein the amounts of the compound of
Formula I or pharmaceutically acceptable salt,
metabolite, solvate or prodrug thereof, is in
combination with the radiation therapy effective in
inhibiting abnormal cell growth or treating the
hyperproliferative disorder in the mammal. Techniques
for administering radiation therapy are known in the
art, and these techniques can be used in the
combination therapy described herein. The
administration of the compound of the invention in
this combination therapy can be determined as
described herein. [00261] This invention further
provides a method for inhibiting proliferation of
cells, comprising contacting said cells with an
effective amount of a compound of Formula I or a
solvate or pharmaceutically acceptable salt thereof,
or a pharmaceutical composition comprising a compound
of Formula I . [00262] It is believed that the
compounds of the present invention can render abnormal
cells more sensitive to treatment with radiation for
purposes of killing and/or inhibiting the growth of
such cells. Accordingly, this invention further
relates to a method for sensitizingabnormal cells in a
mammal to treatment with radiation, which comprises
administering to the mammal an amount of a compound of
Formula I or a pharmaceutically acceptable salt,
solvate, metabolite or prodrug thereof, which amount
is effective in sensitizing abnormal cells to
radiation treatment. The amount of the compound of
Formula I or pharmaceutically acceptable salt,
solvate, metabolite or prodrug thereof, to be used in
this method can be determined according to means for
ascertaining effective amounts of such compounds as
described herein or by methods know to those skilled
in the art. [00263] The compounds of this invention
may be used alone or in combination with other drugs
and therapies used in the treatment of disease states
which would benefit from the inhibition of KSP
kinesin. For example, a compound of Formula I or a
pharmaceutically acceptable salt, solvate, metabolite
or prodrug thereof may be administered to a mammal in
need thereof in combination with one or more other
anti-tumor substances, including, but not limited to,
mitotic inhibitors such as vinblastine; alkylating
agents such as cis-platin, carboplatin and
cyclophosphamide; anti-metabolites such as
5-fluorouracil, cytosine arabinside and hydroxyurea;
one of the preferred anti-metabolites disclosed in
European Patent Application No. 239362 such as
N-(5-[N-(3,4-dihydro-2-methyl-4-oxoquinazolin-6-
ylmethyl)-N-methylamino]-2-thenoyl)-L-glutamic acid
(also known as ZD 1694 and ICI 1694); antisense RNA
and DNA oligonucleotides such as G3139, ODN698, and
GEM231; growth factor inhibitors; signal transduction
inhibitors, such as agents that can inhibit EGFR
(epidermal growth factor receptor) responses, such as
EGRF antibodies, EGF anitbodies and molecules that are
EGFR inhibitors such as the compounds ZD-1 839
(AstraZeneca) and BIBX- 1382 (Boehringer Ingelheim);
VEGF inhibitors such as SU-6668 (Sugen, Inc. of South
San Francisco, CA) or the anti-VEGF monoclonal
antibody of Genentech, Inc. of South San Francisco,
CA; cell cycle inhibitors; intercalating antibiotics
such as adriamycin and bleomycin; enzymes, for
example, interferon; retinoid receptor modulators such
as bexarotene, ILX23-7553, and N-4-carboxyphenyl
retinamide; proteasome inhibitors such as lactacystin
and bortezomib; topoisomerase inhibitors such as
topotecan, rebutecan and teniposide; anti-hormone such
as anti-estrogens such as Nolvadex(tm) (tamoxifen);
antiandrogens such as Casodex(tm)
(4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-meth
yl- 3'-(trifluoromethyl)propionanilide); monoclonal
antibody targeted therapeutic agents which have
cytotoxic agents or radioisotopes attached to a cancer
cell specific or target cell specific monoclonal
antibody; inhibitors of HMG-CoA reductase
(3-hydroxy-3-methylglutrayl-CoA reductase) such as
simvastatin (ZOCOR(r)) and atorvastatin (LIPITOR(r));
prenyl-protein transferase inhibitors; inhibitors of
protein kinases that transduce cell cycle
checkpointsignals (e.g., ART, ARM, the Chkl and Chk2
kinases, cdk and cdc kinase) such as 7-
hydroxystaurosporin, flavopiridol and CYC202
(Cyclacel); and inhibitors of kinases involved in
mitotic progression where such kinases include, but
are not limited to, Polo-like kinases and aurora
kinase. Such conjoint treatment may be achieved by way
of simultaneous, sequential or separate dosing of the
individual components of treatment. [00264] The
compounds of the present invention may also be used in
combination with inhibitors of mitotic kinesins.
Examples of inhibitors of mitotic kinesins, and in
particular the human mitotic kinesin KSP, are
described in PCT Publication Nos. WO 00/130,768, WO
01/30768, WO 01/98278, WO 03/050,064, WO 03/050,122,
WO 03/049,527, WO 03/049,679, WO 03/049,678, WO
03/39460 WO 03/079,973, WO 03/088,903, WO 03/094,839,
WO 03/097,053, WO 03/099,211, WO 03/099,286, WO
03/103,575, WO 03/105,855, WO 03/106,426, WO
04/032,840, WO 04/034,879, WO 04/037,171, WO
04/039,774, WO 04/055,008, WO 04/058,148, WO
04/058,700 and WO 04/064,741. [00265] The compounds of
the present invention may also be used in the
treatment of cancer in combination with compounds that
are not anti-tumor compounds. For example, a compound
of this invention may be applied in combination with
one or more substances, including, but not limited to,
PPAR-g and PPAR-d agonists such as proglitazone,
rosiglatazone, gene therapy agents, and inhibitors of
inherent multi-drug resistance (e.g. pglycoprotein
inhibitors). [00266] A compound of the present
invention may also be employed in conjunction with
anti-emetic agents to treat nausea or emesis, by way
of simultaneous, sequential or separate dosing of the
individual components of treatment. [00267] A compound
of the present invention may also be administered in
combination with an agent useful in the treatment of
anemia, such as epoetin, by way of simultaneous,
sequential or separate dosing of the individual
components of treatment. [00268] A compound of the
present invention may also be administered in
combination with an agent useful in the treatment of
neutropenia, by way of simultaneous, sequential or
separate dosing of the individual components of
treatment. Such a neutropenia treatment agent is, for
example, a hematopoietic growth factor, which
regulates the production and function of neutrophils
such as a human granulocyte colony stimulating factor,
(G-CSF). An example of a G-CSF is filgrastim. [00269]
A compound of the present invention may also be
administered in combination with an
immunologic-enhancing drug, such as levamisole,
isoprinosine andZadaxin, by way of simultaneous,
sequential or separate dosing of the individual
components of treatment. [00270] Although the
compounds of Formula I are primarily of value as
therapeutic agents for use in warm-blooded animals
(including humans), they are also useful whenever it
is required to inhibit the effects of KSP kinesin.
Thus, they are also useful as pharmacological
standards in the development of new biological tests
and in the search for new pharmacological agents. 



[00271] The invention also provides pharmaceutical
compositions comprising a compound of Formula I, or a
pharmaceutically acceptable salt, metabolite, solvate
or prodrug thereof, and methods of use thereof for
inhibiting abnormal cell growth in a mammal,
comprising administering to a mammal in need thereof
an amount of a compound of Formula I or a
pharmaceutically acceptable salt, solvate, metabolite,
or prodrug, thereof, alone or in combination with an
amount of one or more substances selected from
anti-angiogenesis agents, signal transduction
inhibitors, and antiproliferative agents, in amounts
effective to inhibit abnormal cell growth. [00272] For
example, anti-angiogenesis agents, such as MMP-2
(matrixmetalloprotienase 2) inhibitors, MMP-9
(matrix-metalloprotienase 9) inhibitors, and COX-II
(cyclooxygenase II) inhibitors, can be used in
conjunction with a compound or pharmaceutical
compositions of the present invention. Examples of
useful COX-II inhibitors include CELEBREX(tm)
(alecoxib), valdecoxib, etoricoxib, lumiracoxib and
rofecoxib). Examples of useful matrix
metalloprotienase inhibitors are described in PCT
Publication Nos. WO 96/33172, WO 96/27583, WO
98/07697, WO 98/03516, WO 98/34918, WO 98/34915, WO
98/33768, WO 98/30566, WO 90/05719, WO 99/52910, WO
99/52889, WO 99/29667, U.S. Patent No. 5,863,949, and
U.S. Patent No. 5,861,510. Preferred MMP-2 and MMP-9
inhibitors are those that have little or no activity
inhibiting MMP-I. More preferred, are those that
selectively inhibit MMP-2 and/or MMP-9 relative to the
other matrixmetalloproteinases (i.e., MMP-I, MMP-3,
MMP-4, MMP-5, MMP-6, MMP-7, MMP-8, MMP-IO, MMP-Il,
MMP-12, and MMP-13). Such conjoint treatment may be
achieved by way of the simultaneous, sequential or
separate dosing of the individual components of
treatment. Such combination products employ the
compounds of this invention within the dose range
described herein and the other pharmaceutically active
agent within its approved dose range. [00273] It will
be understood that the specific dosage level and
frequency of dosage for any particular subject may be
varied and will depend upon a variety of factors
including theactivity of the specific compound of
Formula I , the species, age, body weight, general
health, sex and diet of the subject, the mode and time
of administration, rate of excretion, drug
combination, and severity of the particular condition,
but can nevertheless be routinely determined by one
skilled in the art. [00274] This invention also
provides compounds of Formula I for use in therapy. An
additional aspect of the invention is the use of a
compound of Formula I for the preparation of a
medicament for use as a kinesin inhibitor. [00275] In
order to use a compound of the Formula I , or a
pharmaceutically acceptable salt, solvate, metabolite
or prodrug thereof, for the therapeutic treatment
(including prophylactic treatment) of mammals
including humans, it is normally formulated in
accordance with standard pharmaceutical practice as a
pharmaceutical composition. According to this aspect
of the invention there is provided a pharmaceutical
composition that comprises a compound of the Formula I
, or a pharmaceutically acceptable salt, solvate,
metabolite or prodrug thereof as defined herein, in
association with a pharmaceutically acceptable diluent
or carrier. [00276] To prepare the pharmaceutical
compositions according to this invention, a
therapeutically or prophylactically effective amount
of a compound of Formula I or pharmaceutically
acceptable salt, solvate, metabolite or prodrug
thereof (alone or together with an additional
therapeutic agent as disclosed herein) is preferably
intimately admixed with a pharmaceutically acceptable
carrier according to conventional pharmaceutical
compounding techniques to produce a dose. A carrier
may take a wide variety of forms depending on the form
of preparation desired for administration, e.g., oral
or parenteral. Examples of suitable carriers include
any and all solvents, dispersion media, adjuvants,
coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, sweeteners,
stabilizers (to promote long term storage),
emulsifiers, binding agents, thickening agents, salts,
preservatives, solvents, dispersion media, coatings,
flavoring agents, and miscellaneous materials such as
buffers and absorbents that may be needed in order to
prepare a particular therapeutic composition. The use
of such media and agents with pharmaceutically active
substances is well known in the art. Except insofar as
any conventional media or agent is incompatible with a
compound of Formula I , its use in the therapeutic
compositions and preparations is contemplated.
Supplementary active ingredients can also be
incorporated into the compositions and preparations as
described herein. [00277] The compositions of the
invention may be in a form suitable for oral use (for
example as tablets, lozenges, hard or soft capsules,
aqueous or oily suspensions, emulsions,dispersible
powders or granules, syrups or elixirs), for topical
use (for example as creams, ointments, gels, or
aqueous or oily solutions or suspensions), for
administration by inhalation (for example as a finely
divided powder or a liquid aerosol), for
administration by insufflation (for example as a
finely divided powder) or for parenteral
administration (for example as a sterile aqueous or
oily solution for intravenous, subcutaneous, or
intramuscular dosing or as a suppository for rectal
dosing). [00278] Suitable pharmaceutically-acceptable
excipients for a tablet formulation include, for
example, inert diluents such as lactose, sodium
carbonate, calcium phosphate or calcium carbonate,
granulating and disintegrating agents such as corn
starch or algenic acid; binding agents such as starch;
lubricating agents such as magnesium stearate, stearic
acid or talc; preservative agents such as ethyl or
propyl p-hydroxybenzoate, and anti-oxidants, such as
ascorbic acid. Tablet formulations may be uncoated or
coated either to modify their disintegration and the
subsequent absorption of the active ingredient within
the gastrointestinal tract, or to improve their
stability and/or appearance, in either case, using
conventional coating agents and procedures well known
in the art. [00279] Compositions for oral use may be
in the form of hard gelatin capsules in which the
active ingredient is mixed with an inert solid
diluent, for example, calcium carbonate, calcium
phosphate or kaolin, or as soft gelatin capsules in
which the active ingredient is mixed with water or an
oil such as peanut oil, liquid paraffin, or olive oil.
For example, compositions intended for oral use may
also contain, for example, one or more coloring,
sweetening, flavoring and/or preservative agents.
[00280] Aqueous suspensions generally contain the
active ingredient in finely powdered form together
with one or more suspending agents, such as sodium
carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate,
polyvinyl-pyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents such as lecithin or
condensation products of an alkylene oxide with fatty
acids (for example polyoxethylene stearate), or
condensation products of ethylene oxide with long
chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products
of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene
sorbitol monooleate, or condensation products of
ethylene oxide with partial esters derived from fatty
acids and hexitol anhydrides, for example polyethylene
sorbitan monooleate. The aqueous suspensions may also
contain one or more preservatives (such as ethyl or
propyl p-hydroxybenzoate), anti-oxidants (such as
ascorbic acid), coloring agents, flavoring agents,
and/or sweetening agents (such as sucrose, saccharine
or aspartame).[00281] Oily suspensions may be
formulated by suspending the active ingredient in a
vegetable oil (such as arachis oil, olive oil, sesame
oil or coconut oil) or in a mineral oil (such as
liquid paraffin). The oily suspensions may also
contain a thickening agent such as beeswax, hard
paraffin or cetyl alcohol. Sweetening agents such as
those set out above, and flavoring agents may be added
to provide a palatable oral preparation. These
compositions may be preserved by the addition of an
anti-oxidant such as ascorbic acid. [00282]
Dispersible powders and granules suitable for
preparation of an aqueous suspension by the addition
of water generally contain the active ingredient
together with a dispersing or wetting agent,
suspending agent and one or more preservatives.
Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned
above. Additional excipients such as sweetening,
flavoring and coloring agents may also be present.
[00283] The pharmaceutical compositions of the
invention may also be in the form of oil-in-water
emulsions. The oily phase may be a vegetable oil, such
as olive oil or arachis oil, or a mineral oil, such as
for example liquid paraffin or a mixture of any of
these. Suitable emulsifying agents may be, for
example, naturally-occurring gums such as gum acacia
or gum tragacanth, naturally-occurring phosphatides
such as soya bean, lecithin, esters or partial esters
derived from fatty acids and hexitol anhydrides (for
example sorbitan monooleate) and condensation products
of the said partial esters with ethylene oxide such as
polyoxyethylene sorbitan monooleate. The emulsions may
also contain sweetening, flavoring and preservative
agents. [00284] Syrups and elixirs may be formulated
with sweetening agents such as glycerol, propylene
glycol, sorbitol, aspartame or sucrose, and may also
contain a demulcent, preservative, flavoring and/or
coloring agent. [00285] The pharmaceutical
compositions may also be in the form of a sterile
injectable aqueous or oily suspension, which may be
formulated according to known procedures using one or
more of the appropriate dispersing or wetting agents
and suspending agents, which have been mentioned
above. For parenteral formulations, the carrier will
usually comprise sterile water, aqueous sodium
chloride solution, 1,3-butanediol, or any other
suitable non-toxic parenterally-acceptable diluent or
solvent. Other ingredients including those that aid
dispersion may be included. Of course, where sterile
water is to be used and maintained as sterile, the
compositions and carriers must also be sterilized.
Injectable suspensions may also be prepared, in which
case appropriate liquid carriers, suspending agents
and the like may be employed.[00286] Suppository
formulations may be prepared by mixing the active
ingredient with a suitable non-irritating excipient
which is solid at ordinary temperatures but liquid at
the rectal temperature and will therefore melt in the
rectum to release the drug. Suitable excipients
include, for example, cocoa butter and polyethylene
glycols. [00287] Topical formulations, such as creams,
ointments, gels and aqueous or oily solutions or
suspensions, may generally be obtained by formulating
an active ingredient with a conventional, topically
acceptable, vehicle or diluent using conventional
procedures well known in the art. [00288] Compositions
for administration by insufflation may be in the form
of a finely divided powder containing particles of
average diameter of, for example, 30 mm or much less,
the powder itself comprising either active ingredient
alone or diluted with one or more physiologically
acceptable carriers such as lactose. The powder for
insufflation is then conveniently retained in a
capsule containing, for example, 1 to 50 mg of active
ingredient for use with a turbo-inhaler device, such
as is used for insufflation of the known agent sodium
cromoglycate. 



[00289] Compositions for administration by inhalation
may be in the form of a conventional pressurized
aerosol arranged to dispense the active ingredient
either as an aerosol containing finely divided solid
or liquid droplets. Conventional aerosol propellants
such as volatile fluorinated hydrocarbons or
hydrocarbons may be used and the aerosol device is
conveniently arranged to dispense a metered quantity
of active ingredient. [00290] Compositions for
transdermal administration may be in the form of those
transdermal skin patches that are well known to those
of ordinary skill in the art. [00291] For further
information on formulations, see Chapter 25.2 in
Volume 5 of Comprehensive Medicinal Chemistry (Corwin
Hansch; Chairman of Editorial Board), Pergamon Press
1990. [00292] The amount of a compound of this
invention that is combined with one or more excipients
to produce a single dosage form will necessarily vary
depending upon the subject treated, the severity of
the disorder or condition, the rate of administration,
the disposition of the compound and the discretion of
the prescribing physician. However, an effective
dosage is in the range of about 0.001 to about 100 mg
per kg body weight per day, preferably about 0.5 to
about 35 mg/kg/day, in single or divided doses. For a
70 kg human, this would amount to about 0.0035 to 2.5
g/day, preferably about 0.05 to about 2.5 g/day. In
some instances, dosage levels below the lower limit of
the aforesaid range may be more than adequate, while
in other cases still larger doses may be employed
without causing anyharmful side effect, provided that
such larger doses are first divided into several small
doses for administration throughout the day. For
further information on routes of administration and
dosage regimes, see Chapter 25.3 in Volume 5 of
Comprehensive Medicinal Chemistry (Corwin Hansch;
Chairman of Editorial Board), Pergamon Press 1990.
[00293] The size of the dose for therapeutic or
prophylactic purposes of a compound of Formula I will
naturally vary according to the nature and severity of
the conditions, the age and sex of the animal or
patient and the route of administration, according to
well known principles of medicine. [00294] In another
embodiment of the invention, an article of
manufacture, or "kit", containing materials useful for
the treatment of the disorders described above is
provided. In one embodiment, the kit comprises a
container comprising a composition of Formula I or a
pharmaceutically acceptable solvate or salt thereof.
The kit may further comprise a label or package insert
on or associated with the container. Suitable
containers include, for example, bottles, vials,
syringes, blister pack, etc. The container may be
formed from a variety of materials such as glass or
plastic. The container holds a compound of Formula I
or a pharmaceutically acceptable solvate or salt
thereof, or a formulation thereof which is effective
for treating the condition and may have a sterile
access port (for example, the container may be an
intravenous solution bag or a vial having a stopper
pierceable by a hypodermic injection needle). The
label or package insert indicates that the composition
is used for treating the condition of choice, such as
cancer. In one embodiment, the label or package
inserts indicates that the composition comprising a
compound of Formula I or a pharmaceutically acceptable
solvate or salt thereof, can be used to treat a
disorder resulting from abnormal cell growth. The
label or package insert may also indicate that the
composition can be used to treat other disorders.
Alternatively, or additionally, the article of
manufacture may further comprise a second container
comprising a pharmaceutically acceptable buffer, such
as bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer's solution and
dextrose solution. It may further include other
materials desirable from a commercial and user
standpoint, including other buffers, diluents,
filters, needles, and syringes. [00295] The kit may
further comprise directions for the administration of
the compound of Formula I or a pharmaceutically
acceptable solvate or salt thereof, and, if present,
the second pharmaceutical formulation. For example, if
the kit comprises a first composition comprising a
compound of Formula I or a pharmaceutically acceptable
solvate or salt thereof, and a second pharmaceutical
formulation, the kit may further comprisedirections
for the simultaneous, sequential or separate
administration of the first and second pharmaceutical
compositions to a patient in need thereof. [00296] In
another embodiment, the kits are suitable for the
delivery of solid oral forms of a compound of Formula
I , or a pharmaceutically acceptable solvate or salt
thereof, such as tablets or capsules. Such a kit
preferably includes a number of unit dosages. Such
kits can include a card having the dosages oriented in
the order of their intended use. An example of such a
kit is a "blister pack". Blister packs are well known
in the packaging industry and are widely used for
packaging pharmaceutical unit dosage forms. If
desired, a memory aid can be provided, for example in
the form of numbers, letters, or other markings or
with a calendar insert, designating the days in the
treatment schedule in which the dosages can be
administered. [00297] According to one embodiment, an
article of manufacture may comprise (a) a first
container with a compound of Formula I or a
pharmaceutically acceptable solvate or salt thereof,
contained therein; and optionally (b) a second
container with a second pharmaceutical formulation
contained therein, wherein the second pharmaceutical
formulation comprises a second compound with
anti-hyperproliferative activity. Alternatively, or
additionally, the article of manufacture may further
comprise a third container comprising a
pharmaceutically acceptable buffer, such as
bacteriostatic water for injection (BWFI),
phosphate-buffered saline, Ringer's solution and
dextrose solution. It may further include other
materials desirable from a commercial and user
standpoint, including other buffers, diluents,
filters, needles, and syringes. [00298] In certain
other embodiments wherein the kit comprises a
composition of Formula I and a second therapeutic
agent, the kit may comprise a container for containing
the separate compositions such as a divided bottle or
a divided foil packet; however, the separate
compositions may also be contained within a single,
undivided container. Typically, the kit comprises
directions for the administration of the separate
components. The kit form is particularly advantageous
when the separate components are preferably
administered in different dosage forms (e.g., oral and
parenteral), are administered at different dosage
intervals, or when titration of the individual
components of the combination is desired by the
prescribing physician. [00299] Accordingly this
invention also provides a kit for treating an abnormal
cell growth condition, wherein said kit comprises a) a
first pharmaceutical composition comprising a compound
of this invention or a pharmaceutically acceptable
salt thereof; and b) instructions for use.[00300] In
certain embodiments, the kit further comprises (c) a
second pharmaceutical composition, wherein the second
pharmaceutical composition comprises a second compound
having anti-hyperproliferative activity. In certain
embodiment comprising a second pharmaceutical
composition, the kit further comprises instructions
for the simultaneous, sequential or separate
administration of said first and second pharmaceutical
compositions to a patient in need thereof. In certain
embodiments, said first and second pharmaceutical
compositions are contained in separate containers. In
other embodiments, said first and second
pharmaceutical compositions are contained in the same
container. [00301] In certain embodiments, this
invention provides a kit for treating an abnormal cell
growth condition such as hyperproliferative disorder
or a hypoproliferative disorder. In other embodiments,
this invention provides a kit for treating an abnormal
cell growth condition such as cancer, autoimmune
disease, arthritis, graft rejection, inflammatory
bowel disease, or proliferation induced after a
medical procedure. In other embodiments, this
invention provides a kit for treating a fungal or
other eukaryote infection in a mammal. [00302]
Representative compounds of the present invention,
which are encompassed by the present invention
include, but are not limited to the compounds of the
examples and the salts, solvates, metabolites or
prodrugs thereof. The examples presented below are
intended to illustrate particular embodiments of the
invention, and are not intended to limit the scope of
the specification or the claims in any way. EXAMPLES
[00303] In order to illustrate the invention, the
following examples are included. However, it is to be
understood that these examples do not limit the
invention and are only meant to suggest a method of
practicing the invention. Persons skilled in the art
will recognize that the chemical reactions described
may be readily adapted to prepare a number of other
KSP inhibitors of the invention, and alternative
methods for preparing the compounds of this invention
are deemed to be within the scope of this invention.
For example, the synthesis of non-exemplified
compounds according to the invention may be
successfully performed by modifications apparent to
those skilled in the art, e.g., by appropriately
protecting interfering groups, by utilizing other
suitable reagents known in the art other than those
described, and/or by making routine modifications of
reaction conditions. Alternatively, other reactions
disclosed herein or known in the art will be
recognized as having applicability for preparing other
compounds of the invention. [00304] In the examples
described below, unless otherwise indicated all
temperatures are set forth in degrees Celsius.
Reagents were purchased from commercial suppliers such
asAldricli Chemical Company, Lancaster, TCI or
Maybridge, and were used without further purification
unless otherwise indicated. Tetrahydrofuran (THF),
N,N-dimethylformamide (DMF), dichloromethane (DCM),
toluene, dioxane and 1,2-dichloroethane (DCE) were
purchased from Aldrich in Sure seal bottles and used
as received. [00305] The reactions set forth below
were done generally under a positive pressure of
nitrogen or argon or with a drying tube (unless
otherwise stated) in anhydrous solvents, and the
reaction flasks were typically fitted with rubber
septa for the introduction of substrates and reagents
via syringe. Glassware was oven dried and/or heat
dried. [00306] Column chromatography was done on a
Biotage system (Manufacturer: Dyax Corporation) having
a silica gel column or on a silica SepPak cartridge
(Waters). [00307] 1H-NMR spectra were recorded on a
Varian instrument operating at 400 MHz. 1H-NMR spectra
were obtained as CDCl3 solutions (reported in ppm),
using chloroform as the reference standard (7.25 ppm).
Other NMR solvents were used as needed. When peak
multiplicities are reported, the following
abbreviations are used: s (singlet), d (doublet), t
(triplet), m (multiplet), br (broadened), dd (doublet
of doublets), dt (doublet of triplets). Coupling
constants, when given, are reported in Hertz (Hz).
Example 1 3- 5- 2 5-difluorophenylV3- oxazol-2-ylV2-r
henyl-2 3-dihvdro-1.3.4-thiadiazol-2-yl)propan-
1-amine [00308] Step A: di-tert-butyl
3-(5-(2.5-difluorophenyl)-2-phenyl-2,3-dihvdro-l,3,4-
thiadiazol-2-vDpropylaminodicarboxylate : A mixture of
2,4-difluorobenzothiohydrazide (1.57 g, 8.32 mmol) and
di-tert-butyl 4-oxo-4-phenylbutylamino dicarboxylate
(3.32 g, 9.15 mmol) in EtOH/DCM (20 mL/20 mL) was
stirred at room temperature for 48 hours. The 



mixture was concentrated under reduced pressure and
the residue was chromatographed (20:1 hexanes/EtOAc)
to provide the product (3.12 g, 70%). [00309] Step B:
di-tert-butyl
3-(5-(2,5-difluorophenylV3-(lH-imidazole-l-carbonylV
2-phenyl-2,3-dihvdro-l,3,4-thiadiazol-2-yl)propylamino
dicarboxylate : A mixture of di-tertbutyl
3-(5-(2,5-difluorophenyl)-2-phenyl-2,3-dihydro-l,3,4-t
hiadiazol-2-yl)propylaminodicarboxylate (0.49 g, 0.92
mmol) and carbonyldiimidazole (0.179 g, 1.1 1 mmol) in
THF (9 mL) was heated to 70 C for 16 hours. Two more
equivalents of CDI were added and the mixture was
heated to 75 0C for 1 hour. The reaction mixture was
partitioned between dichloromethane (25 mL) and 0.2 M
HCl (35 mL). The aqueous layer was extracted with
dichloromethane (25 mL) and the combined organics were
dried over Na2SO4, filtered, and concentrated under
reduced pressure to provide the crude product (0.58 g,
100%) as a brown oil. [00310] Step C: di-tert-butyl
3-f5- 5-difluorophenyr)-3-ff2.2-
dimethoxyethyl)carbamoyl)-2-phenyl-2,3 -dihvdro-
1,3,4-thiadiazol-2- vDpropylaminodicarboxylate : To a
solution of di-tert-butyl
3~(5-(2,5-difluorophenyl)-3-(lHimidazole-
l-carbonyl)-2-phenyl-2,3-dihydro-l,3,4-thiadiazol-2-yl
)propylaminodicarboxylate (0.289 g, 0.461 mmol) in
acetonitrile (3 mL) was added iodomethane (0.288 mL,
4.61 mmol). After stirring at room temperature for 4
hours, another 5 equivalents of MeI were added, and
then again at 20 hours, 24 hours, and 28 hours (5
equivalents MeI at each time point). The mixture was
concentrated under reduced pressure and the residue
was dissolved in dichloromethane (5 mL). To this
solution was added 2,2-dimethoxyethanamine (0.121 mL,
1.1 1 mmol). After stirring at room temperature for 16
hours, water (30 mL) was added and the mixture was
extracted with dichloromethane (2 X 25 mL). The
combined organics were dried over Na2SO4, filtered,
and concentrated under reduced pressure to provide the
product (0.270 g, 88%) as a brown oil. [00311] Step D:
tert-butyl 3-(5-(Z5-difluorophenylV3-(f2-oxoethyl
')carbamoyl')-2-
phenyl-2,3-dihydro-l,3,4-thiadiazol-2-vDpropylcarbamat
e : To a solution of di-tert-butyl 3-
(5-(2,5-difluorophenyl)-3-((2,2-dimethoxyethyl)carbamo
yl)-2-phenyl-2,3-dihydro-l,3,4-
thiadiazol-2-yl)propylaminodicarboxylate (0.258 g,
0.388 mmol) in THF/water (10 mL, 5:1) was added
p-toluenesulfonic acid (0.060 g, 0.345 mmol). After
heating to 70 0C for 16 hours, the mixture was diluted
with ethyl acetate (100 mL) and washed with saturated
NaHCO 3 (30 mL), brine (30 mL), dried over Na2SO4,
filtered and concentrated under reduced pressure to
provide the crude product (188 mg) as a brown film.
[00312] Step E:
3-(5-r2,5-difluorophenvn-3-foxazol-2-ylV2-phenyl-2.3-d
ihvdro-1.3.4- thiadiazol-2- vDpropan- 1-amine : To a
cooled (0 C) solution of tert-butyl 3-(5-(2,5-
difluorophenyl)-3-((2-oxoethyl)carbamoyl)-2-phenyl-2,3
-dihydro-l,3,4-thiadiazol-2- yl)propylcarbamate (0.188
g, 0.363 mmol) in dichloromethane (15 mL) was added
triphenylphosphine (0.475 g, 1.81 mmol) and
2,6-di-tert-butylpyridine (1.63 mL, 7.25 mmol)followed
by l,2-dibromo~l,l,2,2-tetrachloroethane (0.590 g,
1.81 mmol). After stirring at O 0C for 45 minutes, a
solution of DBU (1.63 niL, 10.9 mmol) in acetonitrile
(15 mL) was added. The mixture was slowly warmed to
room temperature. After stirring for 36 hours, the
reaction mixture was concentrated under reduced
pressure. The residue was dissolved in ethyl acetate
(50 mL) and washed with 0.2 M HCl (30 mL). The aqueous
layer was extracted with ethyl acetate (30 mL) and the
combined organics were dried over Na2SO4, filtered,
and concentrated under reduced pressure. The residue
was chromatographed (20% ethyl acetate in hexanes) to
provide the Boc-protected product. To this product
dissolved in dichloromethane (0.5 mL) was added TFA
(50 mL). After stirring at 0 C for 30 minutes and at
room temperature for 30 minutes, the mixture was
concentrated under reduced pressure to provide the
di-TFA salt product as pale yellow film. MS ESI (+)
m/z 401 (M+l) detected; 1H NMR (400 MHz, CDCl3) d 8.28
(br, 2H), 7.69 (m, IH), 7.46 (m, 2H), 7.33 (m, 3H),
7.22 (m, IH), 7.07 (m, 2H), 6.89 (m, IH), 3.05 (m,
2H)3 2.64 (m, IH), 2.24 (m, IH), 1.94 (m, IH), 1.83
(m, IH). Example 2
3-(5-(2,5-difluorophenyl)-2-phenyl-3-(thiazol-2-yl)-2,
3-dihydro-l,3,4-thiadiazol-2-yl)propan- 1-amine
[00313] Step A: di-tert-butyl
3-f3-carbamothioyl-5-C2.5-difluorophenylV2-phenyl-2,3-
dihydro-
1,3,4-thiadiazol-2-yl)propylaminodicarboxylate : A
mixture of di-tert-butyl 3-(5-(2,5-
difluorophenyl)-2-phenyl-2,3-dihydro-l,3,4-thiadiazol-
2-yl)propylaminodicarboxylate (0.029 g, 0.054 mmol)
and di(lH-imidazol-l-yl)methanethione (0.019 g, 0.11
mmol) in DMF (0.5 mL) was heated to 95 C for 17 hours
to provide a crude mixture containing the desired
ditert- butyl
3-(5-(2,5-difluorophenyl)-3-(lH-imidazole-l-carbonothi
oyl)-2-phenyl-2,3-dihydrol,
3,4-thiadiazol-2-yl)propylaminodicarboxylate. To this
mixture was added ammonia (0.1 mL of 0.5 M solution in
dioxane). After heating to 40 C for 13 hours,
concentrated aqueous ammonium hydroxide (5 drops) was
added. After stirring at room temperature for 16
hours, the mixture was diluted with ethyl acetate (70
mL) and washed with brine (30 mL). The organic layer
was dried over Na2SO4, filtered, and concentrated
under reduced pressure. Theresidue was chromatographed
(15% ethyl acetate in hexanes) to afford the product
(5.8 mg) as a brown film. [00314] Step B:
3-r5-r2.5-difluoro
rhenvn-2-phenyl-3-qhiazol-2-yl)-2.3-dihvdro-L3,4-
thiadiazol-2-vDpropan- 1-amine : To a solution of
di-tert-butyl 3-(3-carbamothioyl-5-(2,5-
difluorophenyl)-2-phenyl-2,3-dihydro-l,3,4-thiadiazol-
2-yl)propylaminodicarboxylate (0.006 g, 0.010 mmol) in
EtOH ( 1 mL) was added 2-chloroacetaldehyde (50%
aqueous solution, 0.015 mL, 0.12 mmol). After heating
to 80 C for 16 hours, another 15 mL of the 2-
chloroacetaldehyde solution was added followed by DIEA
(0.041 mL, 0.23 mmol). After heating to 90 C for 7
hours, the mixture was partitioned between ethyl
acetate (25 mL) and saturated NaHCO3 (30 mL). The
aqueous layer was extracted with ethyl acetate (2 x 25
mL). The combined organics were washed with brine (30
mL), dried over Na2SO4, filtered, and concentrated
under reduced pressure. The residue was
chromatographed (10% ethyl acetate in hexanes) to
provide 2.5 mg of the mono Boc-protected product as a
yellow film. To this product dissolved in
dichloromethane (0.5 mL) and cooled to 0 0C was added
TFA (50 mL). After stirring at 0 0C for 2 hours, the
mixture was concentrated under reduced pressure to
provide the TFA salt product as a pale yellow film. MS
ESI (+) m/z All (M+l) detected; 1H NMR (400 MHz,
CDCl3) d 8.56 (br, IH), 7.59 (m, IH), 7.38 (d, 2H, J =
7 Hz), 7.31 (m, 3H) 7.06 (m, 4H), 6.65 (d, IH, J = 4
Hz), 3.36 (m, IH), 3.00 (m, 2H), 2.60 (m, IH), 2.21
(m, IH), 1.83 (m, IH). [00315] The following were
prepared similarly using the appropriate 2-haloketone:
Example 2A
3-(5-C2,5-difluorophenylV3-r4-methylthiazol-2-ylV2-phe
nyl-2,3-dihvdro-13.4-thiadiazol-2- vDpropan- 1-amine
[00316] MS ESI (+) m/z 431 (M+l) detected; 1H NMR (400
MHz, CDC13) d 8.58 (br, 3H) 7.67 (m, 2H), 7.41 (m,
3H), 7.07 (m, 2H), 6.19 (m, IH), 3.71 (s, 3H), 3.42
(m, IH), 3.10 (m, IH), 2.68 (m, IH), 2.32 (m, 2H) 1.32
(m, IH). Example
2B3-(5-(2,5-difluorophenyl)-3-(4-etliyltliiazol-2-v
lV2-plietiyl-23-dihvdro-13.4-th iadiazol-2- yl)propan-
1-amine [00317] MS ESI (+) m/z 445 (M+1) detected; 1H
NMR (400 MHz5 CDCl3) d 8.58 (br, 3H)5 7.71 (m, 2H),
7.43 (m, 3H)5 7.09 (m, 2H), 6.20 (m, IH), 3.71 (m,
2H), 3.40 (m, IH) 5 3.09 (m, IH), 2.72 (m, 3H)5 2.10
(m, IH) 5 1.11 (m, 3H). Example 3
5-(2-(3-aminorropyl)5-(
'3-fluorophenvlV2-rhenvl-l,3,4-thiadiazol-3(2H)-vl)-3,
4- dihydropyrrol-2-one [00318] To a solution of
5-ethoxy-3,4-dihydropyrrol~2-one (0.16 g, 1.3 mmol) in
IPA/THF (2 mL/2 mL) was added tert-butyl
3-(5-(3-fluorophenyl)-2-phenyl-2,3-dihydrol,
3,4-thiadiazol-2-yl)propylcarbamate (0.052 g, 0.13
mmol) and acetic acid (0.1 mL). After heating to 90 0C
for 5 hours in a sealed tube, the mixture was
concentrated under reduced pressure. The residue was
chromatographed (1:6 to 1:4 ethyl acetate/hexanes) to
provide the Boc-protected product (0.026 g542 %). To
this product dissolved in dichloromethane (1 mL) was
added TFA (1 mL). After stirring at room temperature
for 30 minutes, the mixture was concentrated under
high vacuum for 16 hours to provide the final product
as the di-TFA salt. MS ESI (+) m/z 391 (M+l) detected;
1H NMR (400 MHz5 CDCl3) d 8.11 (br, 2H)5 7.44 (m, 5H)5
7.34 (m, 3H)5 7.22 (m, IH) 5 3.57 (m, IH) 5 3.29 (m,
IH), 3.20 (m, 2H)5 3.05 (m, IH) 5 2.57 (m, IH), 2.46
(m, 2H)52.13 (m, IH) 5 1.78 (m, IH). Example
43-(5-(2,5-difluoro
rhenylV3-('4,5-dihvdrothiazol-2-yl)2-
rhenyl-2,3-dihvdro-1.3.4-thiadiazol- 2-yl)propan-
1-amine [00319] To a solution of di-tert-butyl
3-(5-(2,5-difluorophenyl)-2-phenyl-2,3-dihydrol,
3,4-thiadiazol-2-yl)propylaminodicarboxylate (0.182 g,
0.34 mmol) in THF (3 mL) was added
di(lH-imidazol-l-yl)methanethione (0.091 g, 0.51
mmol). After heating to 70 C for 2 hours, the mixture
was cooled to room temperature and 2-bromoethanamine
hydrobromide (0.69 g, 3.4 mmol) followed by acetic
acid (0.061 g, 1.0 mmol) were added. After heating to
88 C for 8 hours, the mixture was cooled to room
temperature and chromatographed (1:20 to 1:10 ethyl
acetate/hexanes) to provide the Boc-protected product
(21 mg, 10%). To this product was added formic acid (
1 mL). The mixture was stirred at room temperature for
1 hour and concentrated under reduced pressure to
provide the final product as the formate salt. MS ESI
(+) m/z 419 (M+l) detected; 1H NMR (400 MHz, CDCl3) d
8.40 (br, IH), 7.54 (m IH), 7.35 (m, 4H), 7.27 (m,
2H), 7.03 (m, 2H), 4.08 (m, IH), 3.89 (m, IH), 3.22
(m, 3H), 2.94 (m, 2H), 2.47 (m, IH), 2.14 (m, IH),
1.80 (m, IH). Example 5
3-(5-(2.5-difluorophenyl)3-(5-methyl-l,3,4-oxadiazol-2
-yl)2-phenyl-2.3-dihvdro-l,3,4-
thiadiazol-2-yP)propan- 1-amine [00320] Step A:
(5-2.5-difluorophenyl)2-3-di-tert-butoxycarbonylaminop
ropyl)2- phenyl- 1,3,4-thiadiazol-3 (2H)yI(
1H-3-methylimidazolium- 1-ypmethanone iodide : To a
solution of di-tert-butyl
3-(5-(2,5-difluorophenyl)-2-phenyl-2,3-dihydro-l,3,4-t
hiadiazol-2- yl)prorylaminodicarboxylate (0.335 g,
0.628 mmol) in THF (3 mL) was added di(lHimidazol-
l-yl)methanone (0.122 g, 0.753 mmol). After heating to
70 C for 2 hours, the mixture was cooled to room
temperature and concentrated under reduced pressure.
Theresidue was dissolved in dichloromethane (5 mL) and
washed with water (2 x 3 niL), dried over Na2SO4 and
concentrated under reduced pressure. This residue was
dissolved in acetonitrile (2 mL) and treated with
iodomethane (0.446 g, 3.14 mmol) for 24 hours. The
mixture was then concentrated under reduced pressure
to afford the crude product. [00321] Step B:
N'-acetyl-2-(3-di-tert-butoxycarbonylaminopropyl
')-5-(2,5-
difluorophenyl)-2-phenyl-l,3,4-thiadiazole-3f2H)-carbo
hydrazide : To a solution of (5-(2,5-
difluorophenyl)-2-(3-di-tert-butoxycarbonylaminopropyl
)-2-phenyl-l,3 54-thiadiazol-3(2H)-
yl)(lH-3-methylimidazolium-l-yl)methanone iodide (0.21
1 g, 0.274 mmol) and triethylamine (0.069 g, 0.0685
mmol) in dichloromethane (3 mL) was added
acetohydrazide (0.041 g, 0.548 mmol). After stirring
for 30 minutes, the mixture was partitioned between 



dichloromethane (10 mL) and saturated NaHCO3 (5 mL).
The aqueous layer was extracted with dichloromethane
(10 mL). The combined organics were washed with brine
(10 mL), dried over Na2SO4, and concentrated under
reduced pressure. The residue was chromatographed
(10:1 to 4:1 hexanes/ethyl acetate) to provide the
final product (0.123 g, 71%). [00322] Step C:
3-(5-f2.5-difluorophenylV3-f5-methyl-l,3,4-oxadiazol-2
-viy2-phenyl- 2,3-dihydro-
1,3,4-thiadiazol-2-vDpropan- 1-amine : To a solution
of N'-acetyl-2-(3-di-tertbutoxycarbonylaminopropyl)-
5-(2,5-difluorophenyl)-2-phenyl-l,3,4-thiadiazole-3(2H
)- carbohydrazide (0.052 g, 0.082 mmol) and DIEA (0.11
g, 0.82 mmol) in dichloroethane (2 mL) was added POCl3
(0.063 g, 0.41 mmol). After stirring at room
temperature for 30 minutes, the mixture was
partitioned between dichloromethane (10 mL) and
saturated NaHCO3 (5 mL). The aqueous layer was
extracted with dichloromethane and the combined
organics were washed with brine (10 mL), dried over
Na2SO4, and concentrated under reduced pressure. The
residue was chromatographed (20:1 to 10:1 hexanes/
ethyl acetate) to provide the Boc-protected product
(0.033 g, 65%). To this product was added formic acid
( 1 mL). After stirring at room temperature for 45
minutes, the mixture was concentrated under reduced
pressure to provide the final product as the formate
salt. MS ESI (+) m/z 416 (M+1) detected; 1H NMR (400
MHz, CDCl3) d 8.88 (br, 2H), 7.64 (m, IH), 7.47 (d,
2H, J = 8 Hz), 7.31 (m, 3H), 7.1 1 (m, 2H), 3.27 (m,
IH), 3.02 (m, 2H), 2.51 (m, IH), 2.39 (s, 3H), 2.15
(m, IH), 1.74 (m, IH). [00323] The following were
prepared similarly using the appropriate hydrazides:
Example 5A3-(5-(2,5-difluorophenyl)3-(5-ethyl-1,3,4,
-oxadiazol2 -vl -2-phenyl2 ,3-dihvdro-1,3,, - -
thiadiazol-2-vDpropan- 1-amine [00324] MS ESI (+) m/z
430 (M+l) detected; 1H NMR (400 MHz, CDCl3) d 8.30
(br, IH), 7.65 (m, IH), 7.49 (d, 2H, J = 8 Hz)5 7.45
(br, IH), 7.30 (m, 2H), 7.10 (m, 2H), 3.29 (m, IH),
3.01 (m, 2H), 2.73 (q, 2H, J = 7 Hz), 2.52 (m, IH),
2.15 (m, IH), 1.76 (m, IH), 1.27 (t, 3H5J = 7 Hz).
Example 5B Ethyl 2-(5- -(3-aminopropylV5-(
'2.5-difluorophenylV2-phenyl-13.4-thiadiazol-3r2H)-ylV
1,3,4-oxadiazol-2-yl)acetate [00325] MS ESI (+) m/z
488 (M+l) detected; 1H NMR (400 MHz, CDCl3) d 8.38 (s,
IH), 7.66 (m, IH), 7.50 (d, 2H), 7.31 (m, 3H), 7.09
(m, 2H), 6.87 (br, 2H), 4.18 (q, 2H), 3.82 (d, 2H),
3.26 (m, IH), 2.99 (m, 2H), 2.58 (m, IH), 2.15 (m,
IH), 1.73 (m, IH), 1.25 (t, 3H). Example 6
5-r2-(3-aminopropyl)-5-( '2,5-difluorophenyl
)-2-phenyl-13.4-thiadiazol-3r2HVylVN-ethyl-
1,3,4-oxadiazol-2-amine [00326] Step A:
l-(2-(3-di-tert-butoxycarbonylaminopropylV5-C2.5-diflu
orophenyl ')-2-
phenyl-2,3-dihvdro-l,3,4-thiadiazole-3-carbonyl)-4-eth
ylthiosemicarbazide : To a stirredsolution of
tert-butyl
3-(5-(2,5-difluorophenyl)-3-(lH-3-methylimidazolium-l-
carbonyl)-2-
phenyl-2,3-dihydro-l,3,4-thiadiazol-2-yl)propylcarbama
te iodide (0.396 g, 0.591 mmol) in dichloromethane (4
mL) under N2 was added triethylamine (0.206 niL, 1.48
mmol) followed by 4-ethylthiosemicarbazide (0.141 g,
1.18 mmol). After stirring for 30 minutes, the mixture
was diluted with dichloromethane and saturated NaHCO
3. The aqueous layer was extracted with
dichloromethane and the combined organics were washed
with brine, dried over Na2SO4 and concentrated under
reduced pressure. The residue was chromatographed (2:1
hexanes/ethyl acetate) to provide the product (0.167
g, 49%) as a white foam. [00327] Step B: 5-(2-(3-amino
rropyl')-5-(2.5-difluorophenylV2-phenyl-1.3.4-
thiadiazol-3 (2H) yl)-N-ethyl- 1,3,4-oxadiazol-2-amine
: To a solution of
l-(2-(3-di-tertbutoxycarbonylaminopropyl)-
5-(2,5-difluorophenyl)-2-phenyl-2,3-dihydro-l,3,4-thia
diazole- 3-carbonyl)-4-ethylthiosemicarbazide (0.033 g
0.057 mmol) in THF ( 1 mL) under N2, was added
triethylamine (0.0199 mL, 0.143 mmol) followed by EDCI
(0.022 g, 0.1 14 mmol). After heating the mixture to
50 0C for 16 hours, the mixture was cooled to room
temperature and diluted with ethyl acetate. The
organic layer was washed with saturated NH4Cl (2x),
saturated NaHCO 3, and brine. The solution was dried
over Na SO4 and concentrated under reduced pressure.
The residue was chromatographed (1:1 hexanes/ethyl
acetate) to provide the Boc-protected product (0.021
g, 68%) as yellow solid. To this product was added
formic acid (0.5 mL). After stirring at room
temperature for 90 minutes, the mixture was
concentrated under reduced pressure, sonicated with
pentane, and dried in vacuo to provide the final
product (0.017 g, 90%) as the formate salt. MS APCI
(+) m/z 445 (M+l) detected; 1H NMR (400 MHz, CDCl3) d
7.86 (br, 2H), 7.58 (m, IH), 7.48 (d, 2H), 7.28 (m,
3H), 7.06 (m. 2H), 6.00 (br, IH), 3.18 (m, 3H), 3.01
(m, IH), 2.91 (m, IH), 2.43 (m, IH), 2.12 (m, IH),
1.81 (m, IH), 1.11 (t, 3H). Example 7
2-(5-(2,5-difluorophenyl)2-(( methoxymethoxy
)methvn-2-phenyl-13,4-thiadiazol- 3(2H)yl) 5-methyl-l
,3,4-oxadiazole [00328] Step A: 2-(methoxymethoxy)-
1-phenylethanone : To a cooled (0 C) solutionof
2-hydroxy-l-phenylethanone (1.0 g, 7.3 mmol) in
anhydrous DMF (50 mL) was added lithium hydride (74
mg, 95%, 8.8 mmol). After stirring the brown mixture
for 30 minutes, MOM-Cl (0.73 mL, 9.5 mmol) was added
slowly via syringe. The mixture warmed slowly to room
temperature and stirred for 16 hours. The mixture was
treated with NH4Cl (100 mL) and then extracted with
ethyl acetate (3 x 50 mL). The combined organics were
washed with water (6 x 50 mL) and brine (50 mL) then
dried over Na2SO4 and concentrated under reduced
pressure. The brown residue was chromatographed (9:1
to 4:1 hexanes/ethyl acetate) to provide the product
(0.60 g, 45%) as a colorless oil. [00329] Step B:
5-(2.5-difluorophenyl)2-rrmethoxymethoxy
)methyl)2-phenyl-2.3- dihydro- 1,3,4-thiadiazole : To
a solution of 2-(methoxymethoxy)-l-phenylethanone (600
mg, 3.33 mmol) in ethanol/dichloromethane (12 mL, 3:1)
was added 2,5- difluorobenzothiohydrazide (627 mg,
3.33 mmol). After stirring at room temperature for 16
hours, the mixture was concentrated under reduced
pressure and chromatographed (9:1 hexanes/ethyl
acetate) to afford the product (734 mg, 63%) as a
yellow oil. [00330] Step C:
(5-(2,5-difluorophenyl)2-((methoxmethoxytoethyl)2-
rhenyl-1,3.,4- thiadiazol-3(2H)yl)( lH
3-methylimidazolium-l-yl ')methanone iodide : To a
solution of 5-
(2,5-difluorophenyl)-2-((methoxymethoxy)methyl)-2-phen
yl-2,3-dihydro-l,3,4-thiadiazole (0.234 g, 0.668 mmol)
in THF (3 mL) was added di(lH-imidazol-l-yl)methanone
(0.162 g, 1.00 mmol). After heating to 70 0C for 2
hours, the mixture was cooled to room temperature,
concentrated under reduced pressure and dissolved in
dichloromethane (5 mL). The solution was washed with
water (2 x 3 mL), dried over Na2SO4, concentrated
under reduced pressure and dissolved in acetonitrile
(2 mL). Iodomethane (0.474 g, 3.34 mmol) was added and
the mixture was stirred at room temperature for 24
hours. The mixture was concentrated under reduced
pressure to provide the crude product. [00331] Step D:
N'-acetyl-5-(2,5-difluorophenvl
-2-((methoxymethoxy)methyl) -
phenyl-l,3,4-thiadiazole-3(2H)carbohydrazide : To a
solution of (5-(2,5-difluorophenyl)-2-
((methoxymethoxy)methyl)-2-phenyl-l,3,4-thiadiazol-3(2
H)-yl)(lH-3-methylimidazolium-lyl) methanone iodide
(0.392 g, 0.668 mmol) in dichloromethane (4 mL) was
added acetohydrazide (0.099 g, 1.34 mmol). After
stirring for 1 hour, the mixture was concentrated
under reduced pressure and chromatographed (10:1
hexanes/ethyl acetate) to provide the product (0.221
g, 73%). [00332] Step E:
2-(5-(2,5-difluorophenyl)2-((methoxymethoxy)methvl)
-2-phenyl- 1.3.4-thiadiazol-3(2H)yl)-5-methyl-l
,3,4-oxadiazole : To a mixture of
N'-acetyl-5-(2,5-difluorophenyl)-2-((methoxymethoxy)me
thyl)-2-phenyl- 1,3,4-thiadiazole-3 (2H)-
carbohydrazide (0.221 g, 0.491 mmol) and DIEA (0.634
g, 4.91 mmol) in dichloroethane (10 mL) was added POCl
3 (0.376 g, 2.45 mmol). After stirring for 30 minutes,
the mixture was partitioned between dichloromethane
(10 mL) and saturated NaHCO 3 (5 mL). The organic
layer was extracted with dichloromethane (10 mL). The
combined organic layers were washed with brine (10
mL), dried over Na2SO , and chromatographed (20:1 to
10:1 hexanes/ethyl acetate) to provide the final
product (0.080 g, 38%). MS ESI (+) m/z 433 (M+l)
detected; 1H NMR (400 MHz, CDCl3) d 7.68 (m, IH), 7.54
(d, 2H, J = 7 Hz), 7.35 (m, 3H), 7.10 (m, 2H), 4.90
(d, IH, J = 1 1 Hz), 4.74 (m, 2H), 4.52 (d, IH, J = 1
1 Hz), 3.37 (s, 3H), 2.44 (s, 3H). Example 8
3-(5-(2,5-difluorophenylV2-phenyl-3-(13.4-thiadiazol-2
-ylV2.3-dihvdro-1.3,4-thiadiazol-2- vDpropan- 1-amine
[00333] Step A:
2-(3-tert-butoxycarbonylaminopropyl)-5-C2,5-difluoroph
enyl)-2-
phenyl-l,3,4-thiadiazole-3(2H)-carbothiohydrazide : To
a solution of tert-butyl 3-(5-(2,5-
difluorophenyl)-2-phenyl-2,3-dihydro-l,3,4-thiadiazol-
2-yl)propylcarbamate (0.123 g, 0.284 mmol) in THF (2
mL) was added di(lH-imidazol-l-yl)methanethione (0.061
g, 0.340 mmol). After heating to 70 0C for 2 hours,
the reaction mixture was cooled to room temperature
and treated with hydrazine (0.027 g, 0.851 mmol).
After stirring for 1 hour, the mixture was
concentrated under reduced pressure and
chromatographed (10:1 hexanes/ethyl acetate) to
provide the product (0.036 g, 25%). [00334] Step B:
3-(5-(2,5-difluorophenylV2-phenyl-3-(1.3.4-thiadiazol-
2-vn-2,3- dihydro- 1 3,4-thiadiazol-2-yDpropan-
1-amine : To a solution of
2-(3-tertbutoxycarbonylaminopropyl)-
5-(2,5-difluorophenyl)-2-phenyl-l,3,4-thiadiazole-3(2H
)- carbothiohydrazide (0.018 g, 0.035 mmol) in
trimethoxymethane ( 1 mL) was added 4-
methylbenzenesulfonic acid (0.6 mg, 0.0035 mmol).
After heating to 60 C for 1 hour, the mixture was
cooled to room temperature and chromatographed (10:1
hexanes/ethyl acetate) to provide the Boc-protected
product (5 mg, 27%). To this product was added formic
acid ( 1niL). After stirring at room temperature for
30 minutes, the reaction mixture was concentrated
under reduced pressure to provide the final product as
the formate salt. MS ESI (+) m/z 418 (M+l) detected;
1H NMR (400 MHz5 CDCl3) d 8.49 (s, IH), 8.30 (s, IH),
7.56 (m, IH), 7.45 (d, 2H), 7.41 (br, IH), 7.31 (m,
2H), 7.24 (m, IH), 7.10 (m, 2H), 3.52 (m, IH), 2.94
(m, 2H), 2.52 (m, IH), 2.13 (m, IH), 1.67 (m, IH).
Example 9 -f -
.S-difluorophenylVS-CS-methyl-lJ^-thiadiazol- -ylV
-phenyl- S-dihvdro-l.S - thiadiazol-2-yDpropan-
1-amine [00335] Step A:
N'-acetyl-2-f3-tert-butoxycarbonylaminopropyl
')-5-(2,5-
difluorophenyl)-2-phenyl-l,3,4-thiadiazole-3(2HVcarbot
hiohvdrazide : To a solution of 2-(3-
tert-butoxycarbonylaminopropyl)-5-(2,5-difluorophenyl)
-2-phenyl-l,3,4-thiadiazole-3(2H)- carbothiohydrazide
(0.016 g, 0.032 mmol) in dichloromethane ( 1 mL) was
added acetic anhydride (0.032 g, 0.32 mmol). After
stirring for 1 hour at room temperature, the reaction
mixture was concentrated under reduced pressure and
chromatographed (10:1 hexanes/ethyl acetate) to
provide the product. [00336] Step B:
3-(5-f2,5-difluorophenylV3-(5-methyl-l,3.4-tbiadiazol-
-2-ylV2- 



phenyl-2,3-dihydro- 1,3,4-thiadiazol-2-yl)propan-
1-amine : To a solution of N'-acetyl-2-(3-
tert-butoxycarbonylaminopropyl)-5-(2,5-difluorophenyl)
-2-phenyl-l,3,4-thiadiazole-3(2H)- carbothiohydrazide
(0.008 g, 0.015 mmol) in dichloroethane ( 1 mL) was
added POCl3 (0.01 1 g, 0.073 mmol) and DIEA (0.019 g,
0.15 mmol). After stirring at room temperature for 30
minutes, the mixture was partitioned between saturated
NaHCO 3 (2 mL) and dichloromethane (5 mL). The organic
layer was dried over Na2SO4, concentrated under
reduced pressure and chromatographed (10:1
hexanes/ethyl acetate) to provide the Bocprotected
product (2 mg, 26%). To this product was added formic
acid ( 1 mL). After stirring for 30 minutes, the
mixture was concentrated under reduced pressure to
provide the final product as the formate salt. MS ESI
(+) m/z 432 (M+l) detected; 1H NMR (400 MHz, CDCl3) d
8.20 (br, 2H), 7.53 (m, IH), 7.44 (d, 2H) 7.32 (m,
3H), 7.11 (m, 2H), 3.53 (m, IH), 3.03 (m, IH), 2.97
(m, IH), 2.52 (s, 3H), 2.45 (m, IH), 2.19 (m, IH),
1.75 (m, IH).Example 10
3-(5-(2,5-difluorophenylV3-(3-methyl-1.2.4-oxadiazol-5
-yl)2-phenyl-2,3-dihvdro-1.3.4-
thiadiazol-2-yl)propan- 1-amine [00337] Step A:
di-tert-butyl 3-(5-(2,5-difluorophenyl)-3-( '(
("acetoxyimino)ethyl)carbamoyl)-2-phenyl-2,3 -dihydro-
1,3,4-thiadiazol-2- yl)propylaminodicarboxylate : To a
solution of
(5-(2,5-difluorophenyl)-2-(3-di-tertbutoxycarbonylamin
opropyl)- 2 -phenyl- 1,3,4-thiadiazol-3 (2H)-yl)(
1H-3-methylimidazoliuml- yl)methanone iodide (0.101 g,
0.131 mmol) dissolved in dichloromethane (2 niL) was
added N'-hydroxyacetamidine (0.009 g, 0.131 mmol)
followed by triethylamine (0.016 g, 0.157 mmol). After
stirring at room temperature for 1 hour, the mixture
was chromatographed (10:1 hexanes/ethyl acetate) to
provide the oxime product. This product was dissolved
in dichloromethane ( 1 mL) and treated with acetic
anhydride (0.080 g, 0.787 mmol). After stirring at
room temperature for 24 hours, the reaction mixture
was concentrated under reduced pressure to provide the
crude product. [00338] Step B:
3-(5-(2,5-difluorophenyl)3-(3-methyl-12,4-oxadiazol-5-
yl)2-phenyl- 23-dihvdro- 13,4-thiadiazol-2-yl)propan-
1-amine : di-tert-butyl 3-(5-(2,5-difluorophenyl)-3-
((l-(acetoxyimino)ethyl)carbamoyl)-2-phenyl-2,3-dihydr
o-l,3,4-thiadiazol-2- yl)propylaminodicarboxylate was
heated in pyridine ( 1 mL) in a sealed tube to 80 C
for 12 hours. The reaction mixture was cooled to room
temperature and diluted with ethyl acetate (10 mL) and
HCl (5 mL of IM solution). The organic layer was dried
over Na2SO and chromatographed (20:1 to 10:1
hexanes/ethyl acetate) to provide the Boc-protected
product (2 mg, 27%). To this product was added formic
acid ( 1 mL). After stirring at room temperature for
30 minutes, the reaction mixture was concentrated
under reduced pressure to provide the final product as
the formate salt. MS ESI (+) m/z 416 (M+l) detected;
1H NMR (400 MHz, CDCl3) d 8.19 (br, IH), 7.71 (m, IH)
7.43 (d, 2H), 7.33 (m, 3H), 7.10 (m, 2H), 3.19 (m,
IH), 3.03 (m, 2H), 2.64 (m, IH), 2.21 (m, IH), 2.17
(s, 3H) 1.73 (m, IH).Example 11
3-(5-r2,5-difluororhenvn-2-phenyl-3-r5-phenyl-4H-1.2.4
-triazol-3-ylV2.3-dihvdro-l,3,4-
thiadiazol-2-yl)propan- 1-amine [00339] Step A:
tert-butyl 3-(3-(benzoylcarbamothiov
p-5-(2.5-difluorophenyl)2-
phenyl-2,3-dihydro-l,3,4-thiadiazol-2-yl)propylcarbama
te : To a solution of tert-butyl 3-(5-
(2,5-difluorophenyl)-2-phenyl-2,3-dihydro-l,3,4-thiadi
azol-2-yl)propylcarbamate ( 1.60 g, 3.69 mmol) in THF
(37 mL) was added benzoyl isothiocyanate (0.595 mL5
4.43 mmol). After heating to reflux for 5 hours and to
60 C for 16 hours, the reaction mixture was
concentrated under reduced pressure. The residue was
chromatographed (30% ethyl acetate in hexanes) to
provide the product (1.84 g, 84%) as an orange-yellow
foam. [00340] Step B: methyl
N-benzoyl-2-(3-(tert-butoxycarbonyl)propyl)5-(2,5-
difluorophenyl)2-phenyl-13,4-thiadiazole-3(2H)-carbthi
oimidate : To a cooled (0 C) solution of tert-butyl
3-(3-(benzoylcarbamothioyl)-5-(2,5-difluorophenyl)-2-p
henyl-2,3-
dihydro-l,3,4-thiadiazol-2-yl)propylcarbamate (0.022
g, 0.037 mmol) in THF (0.4 mL) was added sodium
carbonate (0.022 g, 0.208 mmol) followed by
iodomethane (0.006 mL, 0.096 mmol). After stirring at
room temperature for 1 hour, more iodomethane (25 mL,
11 equiv.) was added to the mixture. After stirring at
room temperature for 15 hours, the mixture was diluted
with saturated NaHCO3 and extracted with ethyl acetate
(3 x 25 mL). The combined organics were washed with
brine, dried over Na2SO4, filtered and concentrated
under reduced pressure to provide the crude product as
a brown film. [00341] Step C:
3-(5-(2,5-difluorophenyl)2-phenyl-3-(5-phenyl-4H-1.2,4
-triazol-3-
yl)-2,3-dihvdro-1.3,4-thiadiazol-2-yl)propan-l-amine :
To a cooled (0 0C) solution of methyl
N-benzoyl-2-(3-(tert-butoxycarbonyl)propyl)-5-(2,5-dif
luorophenyl)-2-phenyl-l,3,4-
thiadiazole-3(2H)-carbthioimidate (0.011 g, 0.018
mmol) in ethanol (0.5 mL) was added hydrazine (0.007
mL, 0.223 mmol). The ice bath was removed and the
mixture stirred at room temperature for 1 hour. After
concentrating the mixture under reduced pressure, the
residue was chromatographed (20% ethyl acetate in
hexanes) to provide the Boc-protectedproduct (0.010 g,
98 %). To this product was added HCl (0.5 niL of 4.0 M
solution, 2.0 mmol). After stirring at 0 0C for 2
hours and room temperature for 1 hour, the reaction
mixture was concentrated under reduced pressure,
washed with ether, filtered and dried to provide the
final product as the di-HCl salt. MS ESI (+) m/z All
(M+l) detected; 1H NMR (400 MHz, CDCl3) d 7.95 (m,
3H), 7.52 (m, 5H), 7.34 (m, 3H), 7.14 (m, 2H), 3.45
(m, IH), 3.14 (m, IH), 3.05 (m, IH), 2.64 (m, IH),
2.30 (m, IH), 1.92 (m, IH). [00342] The compounds of
Examples 12-15 were prepared according to the
abovedescribed methods, using the appropriate starting
materials. Example 12
3-r5-(2,5-difluorophenyl)-3-ri-methyl-5-phenyl-lH-1.2,
4-triazol-3-yl)-2-phenyl-2,3-dihvdro-
1,3,4-thiadiazol-2-yl)propan-l -amine [00343] MS ESI
(+) m/z 491 (M+l) detected; 1H NMR (400 MHz, 19:1
CDC13:CD3OD) d 7.93 (m, IH), 7.78-7.71 (m, 2H),
7.68-7.56 (m, 5H), 7.42 (t, 2H, J = 7 Hz), 7.35 (m,
IH), 7.15-7.1 1 (m, 2H), 3.43 (m, IH), 3.37 (s, 3H),
3.21-3.04 (m, 2H), 2.57 (m, IH), 2.28 (m, IH), 2.02
(m, IH). Example 13
3-r5-(2,5-difluorophenylV2-phenyl-3-(5-rtrifluoromethy
lV13.4-thiadiazol-2-ylV23-dihvdro- 1
3,4-thiadiazol-2-yl)propan- 1-amine [00344] MS ESI (+)
m/z 485 (M+l) detected; 1H NMR (400 MHz, CD3OD) d 7.67
(m, IH), 7.54 (m, 2H), 7.42 (m, 2H), 7.33 (m, 3H),
3.49 (m, IH) 5 3.09 (m5 2H), 2.79 (m, 4H), 2.27 (m,
IH), 1.74 (m, IH).Example 14
3-r5-(2,5-difluorophenylV2-(4-fluorophenylV3-(5-methyl
-13.4-thiadiazol-2-ylV23-dihydro-
1,3,4-thiadiazol-2-vDpropan-l -amine [00345] MS ESI
(+) m/z 522 (M-17 [NH3]) detected; 1H NMR (400 MHz,
CDCl3) d 8.65 (s, 3H), 7.68 (m, 2H), 7.54 (m, IH),
7.16 (m, 2H), 7.08 (t, 2H, J = 8.2 Hz)5 3.70 (m, IH),
3.25 (s, IH), 3.04 (s, IH), 2.93 (2, 3H), 2.43 (t, IH,
J = 11.7 Hz), 2.22 (s, IH) 5 2.02 (s, IH). Example 15
3-(5-2,
-difluorophenyl)2-(3-fluorophenyl)--3-(5-methyl-1,3,4-
-thiadiazol-2-yl)-2,3--dihvdro-
1,3,4-thiadiazol-2-yl)propan- 1-amine [00346] MS ESI
(+) m/z 522 (M- 17 [NH3]) detected; 1H NMR (400 MHz5
CD3OD) d 7.61 (m, IH) 5 7.41 (m, IH) 5 7.29 (m, 4H),
7.08 (m, IH), 3.43 (m, IH), 3.08 (m, 2H), 2.69 (m5 IH)
52.59 (s5 3H), 2.32 (m, IH), 1.76 (m, IH). Example 16
3-r5-r2.5-difluorophenylV3-(
'5-methyl-4.5.6.7-tetrahvdrothiazolo[5,4-clpyridin-2-y
lV2-
phenyl-2,3-dihvdro-l,3.4-thiadiazol-2-yl)propan-l-amin
e[00347] Step A: Preparation of
N-f2-(3-azidopropylV5-(2,5-difluorophenylV2-phenyl- 2
3-dihydro-l 3 4-thiadiazole-3-carbonothioyl
)benzamide: 0 a solution of 2-(3-
azidopropyl)-5-(2,5-difluoro rhenyl)-2-phenyl-2
53-dihydro-l,3,4-thiadiazole (1.00 g, 2.79 mmol) in 20
niL of anhydrous THF was added benzoyl isothiocyanate
(0.45 mL, 3.34 mmol). The reaction mixture was stirred
overnight at reflux, then cooled and concentrated in
vacuo. The residue was purified by flash column
chromatography (5-35% ethyl acetate/hexanes) to afford
the desired product as a yellow gum ( 1.45 g, 54 %).
[00348] Step B: Preparation of
2-C3-azidopropylV5-(2.5-difluorophenylV2-phenyl-
1,3,4-thiadiazole-3(2H)-carbothioamide: To a solution
of N-(2-(3-azidopropyl)-5-(2,5-
difluorophenyl)-2-phenyl-2,3-dihydro-l,3,4-thiadiazole
-3-carbonothioyl)benzamide (0.737 g, 1.41 mmol) in 20
mL of anhydrous THF was added hydrazine (0.088 mL,
2.82 mmol). The reaction mixture was stirred at room
temperature for 3 hours, and then concentrated in
vacuo. The residue was purified by flash column
chromatography (10-20% ethyl acetate/hexanes) to
afford the desired product as a pale yellow foam,
0.504 g, 85 %. [00349] Step C: Preparation of
tert-butyl
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)-
2-phenyl-l,3,4-thiadiazol-3(2H)-yl)-6,7-dihydrothiazol
o[5,4-c]pyridine-5(4H)-carboxylate: To a solution of
2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2-phenyl-l,3,
4-thiadiazole-3(2H)- carbothioamide (0.300 g, 0.717
mmol) in 10 mL of ethanol was added tert-butyl
3-bromo-4- oxopiperidine-1-carboxylate (0.239 g, 0.860
mmol) followed by DIEA (0.25 mL, 1.43 mmol). The
mixture was allowed to stir overnight at reflux then
treated with tert-butyl 3-
bromo-4-oxopiperidine-l-carboxylate (100 mg) and
stirred at reflux for a further 3 hrs. The cooled
mixture was partitioned between saturated NaHCO
solution (30 mL) and EtOAc (30 mL) and the aqueous
layer was extracted with EtOAc (2 x 20 mL). The
combined organic phases were washed with brine (20 mL)
dried over Na2SO4 and concentrated in vacuo. The
residue was purified by flash column chromatography
(5-10% ethyl acetate/hexanes) to afford the desired
product as a bright yellow foam (0.313 g, 73%).
[00350] Step D: Preparation of
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2-phenyll,
3,4-thiadiazol-3(2H)-yl)-4,5,6,7-tetrahydrothiazolo[5,
4-c]pyridine: To a solution of tertbutyl
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2-phenyl-l
,3,4-thiadiazol-3(2H)-yl)-6,7-
dihydrothiazolo[5,4-c]pyridine-5(4H)-carboxylate
(0.313 g, 0.524 mmol) in 10.0 mL of DCM at 0 C was
added TFA ( 1 mL). The mixture was stirred for 1 hour
at 0 C then at room temperature for 1 hour. The
reaction was then concentrated to dryness and
partitioned between EtOAc (30 mL) and saturated NaHCO
3 solution (30 mL). The aqueous layer was extracted
with EtOAc (2 x 20 mL) and the combined organic phases
were washed with brine(20 mL), dried over Na2SO and
concentrated in vacuo to afford the desired product as
a yellow gum (0.251 g, 96%). [00351] Step E:
Preparation of 2-(2-(3-azidorro
rylV5-(2.5-difluorophenyl)-2-phenyll,
3,4-thiadiazol-3(2H)-yl)-5-methyl-4,5,6,7-tetrahvdroth
iazolo[5,4-c1pyridine. To a solution of
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2-phenyl-
1,3,4-thiadiazol-3(2H)-yl)-4,5,6,7-
tetrahydrothiazolo[5,4-c]pyridine (0.050 g, 0.100
mmol) in 1 mL DCE was added formaldehyde (0.033 g, 37
wt% in water, 0.401 mmol) followed by sodium
triacetoxyborohydride (0.023 g, 0.110 mmol). The
resulting suspension was stirred vigorously at room
temperature overnight then was treated with saturated
Na2CO3 solution (10 mL) and stirred for 10 minutes.
The mixture was extracted with EtOAc (3 x 10 mL) and
the combined organic phases were washed with brine (10
mL), dried over Na2SO and 



concentrated in vacuo. The residue was purified by
flash column chromatography (0-3% MeOH/DCM) to afford
the desired product as a yellow foam (0.046 g, 89%).
[00352] Step F: Preparation of 3-(5-
,5-difluorophenylV3-(5-methyl-4,5,6,7-
tetrahydrothiazolo | 5,4-c}pyridin-2-yl>2-phenyl-2,3
-dihydro- 1,3,4-thiadiazol-2-yl)propan- 1- amine. To a
solution of
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2 -phenyl-
1,3,4-
thiadiazol-3(2H)-yl)-5-methyl-4,5,6,7-tetrahydrothiazo
lo[5,4-c]pyridine (0.046 g, 0.090 mmol) in 2 mL of
methanol was added IN HCl/MeOH (0.27 mL, 0.27 mmol)
followed by 10% Pd/C (10 mg). The mixture was
hydrogenated under a balloon atmosphere for 1 hour
then filtered through GF paper and the filtrate
concentrated in vacuo. The residue was triturated with
diethyl ether, filtered, washed with ether and dried
in vacuo to afford the desired product as a bright
yellow solid (0.027 g, 50%). MS ESI (+) m/z 486 (M+l)
detected; 1H NMR (400 MHz, CDCl3) d 7.59 (m, IH), 7.45
(d, 2H, J = 7.6 Hz), 7.32 (m, 2H), 7.26 (m, IH), 7.06
(m, 2H), 3.50 (m, 2H), 3.43 (m, IH), 2.77 (t, 2H, J =
6.9 Hz), 2.68 (m, 2H), 2.56 (m, 2H), 2.46 (s, 3H),
2.41 (m, IH), 1.99 (m, IH), 1.55 (m, IH) ppm. Example
17 3-(5-(2.5-difluororhenyl)2-
rhenyl-3-('4.5,6.7-tetrahvdrothiazolo[5,4-c]
ryridin-2-yl)-2,3-dihvdro-
1,3,4-thiadiazol-2-vDpropan- 1-amine [00353] To a
solution of 2-(2-(3-azido
rropyl)-5-(2,5-difluorophenyl)-2-phenyl-l,3,4-
thiadiazol-3(2H)-yl)-4,5,6,7-tetrahydrothiazolo[5,4-c]
pyridine (prepared as in Example 16, Steps A-D) (0.050
g, 0.100 mmol) in 2 mL of methanol was added IN
HCl/MeOH (0.30 rnL, 0.30 mmol) followed by 10% Pd/C
(10 mg). The mixture was hydrogenated under a balloon
atmosphere for 1 hour then filtered through GF paper
and the filtrate concentrated in vacuo. The residue
was triturated with diethyl ether, filtered, washed
with ether and dried in vacuo to afford the desired
product as a bright yellow solid, 0.018 g, 31%. MS ESI
(+) m/z All (M+l) detected; 1H NMR (400 MHz, CDCl3) d
7.59 (m, IH), 7.46 (m, 2H), 7.33 (m, 3H), 7.05 (m,
2H), 3.88 (m, 2H), 3.46 (m, IH), 3.06 (m, 2H), 2.79
(m, 2H), 2.44 (m, 3H), 2.01 (m, IH), 1.57 (m, IH) ppm.
Example 18
2-(5-r2.5-difluorophenylV2-methyl-2-phenyl-l,3,4-thiad
iazol-3(2H)-ylV5-methyl-l,3,4- thiadiazole [00354]
Step A: Preparation of
5-C2.5-difluorophenyl)-2-methyl-2-phenyl-23-dihvdro-
1,3,4-thiadiazole. To a solution of acetophenone
(0.600 g, 5.00 mmol) in 20 mL of a 3:1 EtOH/DCM
mixture was added 2,5-difluorobenzothiohydrazide
(0.941 g, 5.00 mmol). The reaction was allowed to stir
overnight at room temperature. The reaction was then
heated to 45 C, for 14 hours. The reaction mixture was
then concentrated in vacuo, and the residue was loaded
directly to Biotage (45), followed by flash column
chromatography (20% ethyl acetate/hexanes), yielding
5-(2,5-the desired product (1.021 g, 70% yield) as a
yellow semi solid. [00355] Step B: Preparation of
5-(Z5-difluorophenyl)-2-methyl-2-phenyl-13,4-
thiadiazole-3(2H)-carbothiohydrazide .
5-(2,5-difluorophenyl)-2-methyl-2-phenyl-2,3-
dihydro-l,3,4-thiadiazole (0.290 g, 1.00 mmol) was
weighed into a 25 mL flask, and suspended in 10 mL of
anhydrous THF, followed by addition of
thiocarbonyldiimidazole (0.196 g, 1.10 mmol). The
reaction was then heated to reflux for 3 hours, at
which time all starting material was consumed. The
reaction was cooled to room temperature, followed by
addition of hydrazine (0.156 mL, 5.00 mmol). Following
4 hours at room temperature, allintermediate was
consumed by LC-MS. The reaction was then concentrated,
then loaded to Biotage-(45) followed by flash column
chromatography (10-50% ethyl acetate/hexanes),
affording the desired product (80% purity; 0.268 g,
74%). [00356] Step C: Preparation of
2-f5-f2,5-difluorophenylV2-methyl-2-phenyl-l ,3,4-
thiadiazol-3(2Hyyl>5-methyl-l,3,4-thiadiazole .
5-(2,5-difluorophenyl)-2-methyl-2-phenyll,
3,4-thiadiazole-3(2H)-carbothiohydrazide (0.268 g,
0.735 mmol) was weighed into a 25 mL 1 neck flask, and
suspended in 9.0 mL of trimethylorthoacetate (0.088 g,
0.74 mmol). Ptoluenesulfonic acid hydrate (0.0028 g,
0.015 mmol) was then added, and the reaction heated to
80 0C for 1 hour. The reaction was then concentrated
in vacuo, and then purified by flash column
chromatography (20-50% ethyl acetate/hexanes) yielding
0.201 g, 70% of the desired product as a white solid.
MS ESI (+) m/z 389 (M+l) detected; 1H NMR (400 MHz,
CDCl3) d 7.56 (m, 2H), 7.34 (m, 2H), 7.27 (m, 2H),
7.08 (m, 2H), 2.59 (s, 3H), 2.56 (s, 3H). Example 19
3-('2-(3-aminopropylV5-("2.5-difluorophenylV3-(5-methy
l-1.3,4-thiadiazol-2-yl )-2.3-dihvdro-
1,3,4-thiadiazol-2-yl)phenol [00357] Step A:
Preparation of tert-butyl
3-(2-(3-(tert-butyldimethylsilyloxy)phenyl)-
5-(2,5-difluorophenyl)-2,3-dihydro-l,3,4-thiadiazol-2-
yl)propylcarbamate. To a solution of tert-butyl
4-(3-(tert-butyldimethylsilyloxy)phenyl)-4-oxobutylcar
bamate (1.400 g, 3.55 mmol) in 20 mL of a 3:1 EtOH/DCM
mixture was added 2,5-difluorobenzothiohydrazide
(0.704 g, 3.74 mmol). The reaction was stirred
overnight at room temperature, then heated to 45 C for
10 hours. The reaction mixture was then concentrated
in vacuo, loaded directly to Biotage (45), followed by
flash column chromatography (20-50% ethyl
acetate/hexanes), yielding the desired product as a
yellow semi-solid ( 1.742 g, 82 %). [00358] Step B:
Preparation of tert-butyl
3-(2-(3-(tert-butyldimethylsilyloxy)phenyl)-
5-(2,5-difluorophenyl)-3-(hydrazinecarbonothioyl)-2,3-
dihydro-l,3,4-thiadiazol-2- yl)propylcarbamate.
Tert-butyl
3-(2-(3-(tert-butyldimethylsilyloxy)phenyl)-5-(2,5-
difluorophenyl)-2,3-dihydro-l,3,4-thiadiazol-2-yl)prop
ylcarbamate (0.845 g, 1.50 mmol) wasweighed into a 25
mL flask and suspended in 10 niL of anhydrous THF,
followed by addition of thiocarbonyldiimidazole (0.294
g, 1.65 mmol). The reaction mixture was then heated to
reflux for 3 hours. The reaction was cooled to room
temperature, and then hydrazine (0.235 mL7.50 mmol)
was added and the reaction mixture was stirred for 4
hours at room temperature. The reaction mixture was
concentrated, and the residue was loaded onto Biotage
(flash column chromatography 10-50% ethyl
acetate/hexanes) to provide 143 mg (80% purity) of the
desired product. [00359] Step C: Preparation of
tert-butyl
3-(2-(3-(tert-butyldimethylsilyloxy)phenyl)-
5-(2,5-difluorophenyl)-3-(5-methyl-l,3,4-thiadiazol-2-
yl)-2,3-dihydro-l,3,4-thiadiazol-2-
yl)propylcarbamate. Tert-butyl
3-(2-(3-(tert-butyldimethylsilyloxy)phenyl)-5-(2,5-
difluorophenyl)-3-(hydrazinecarbonothioyl)-2,3-dihydro
-l,3,4-thiadiazol-2- yl)propylcarbamate (100 mg, 0.157
mmol) was weighed into a 25 mL flask and suspended in
5.0 mL of 1,1,1-trimethoxyethane (5 mL, 0.157 mmol).
4-methylbenzenesulfonic acid (0.540 mg, 0.00314 mmol)
was then added, and the reaction heated to 80 C for 1
hour. The reaction mixture was concentrated in vacuo,
and the residue was purified by flash column
chromatography (20-50% ethyl acetate/hexanes), to
afford 75 mg (72% yield) of the desired product as a
yellow solid on standing. [00360] Step D: Preparation
of tert-butyl 3-(5-(2,5-difluorophenyl)-2-(3-
hydroxyphenyl)-3-(5-methyl-l,3,4-thiadiazol-2-yl)-2,3-
dihydro-l,3,4-thiadiazol-2- yl)propylcarbamate:
t-Butyl
3-(2-(3-(tert-butyldimethylsilyloxy)phenyl)-5-(2,5-
difluorophenyl)-3-(5-methyl-l,3,4-thiadiazol-2-yl)-2,3
-dihydro-l,3,4-thiadiazol-2- yl)propylcarbamate (75
mg, 0.113 mmol) was weighed into a 25 mL flask and
dissolved in 10.0 mL of THF, then cooled to 0 C. TBAF
(0.39 mL, 0.39 mmol) was added dropwise and the
reaction mixture was allowed to warm to room
temperature overnight. The reaction mixture was
concentrated to dryness, then re-dissolved in DCM,
washed with saturated NaHCO solution, dried over
Na2SO4, and concentrated in vacuo. The residue was
purified by removal of tributylamine via successive
washes with IN HCl. The organic layer was concentrated
in vacuo, and the yellow oil subject to purification
by flash column chromatography (25-60% ethyl
acetate/hexanes) to afford the desired product (51 mg,
82% yield) as a yellow foam. [00361] Step E :
Preparation of
3-f2-(3-aminopropylV5-('2,5-difluorophenylV3-('5-
methyl-l,3.4-thiadiazol-2-ylV23-dihvdro-l,3.4-thiadiaz
ol-2-vnphenol: Tert-butyl 3-(5-(2,5-
difluorophenyl)-2-(3-hydroxyphenyl)-3-(5-methyl-l,3,4-
thiadiazol-2-yl)-2,3-dihydro-l,3,4-
thiadiazol-2-yl)propylcarbamate (51 mg, 0.093 mmol)
was weighed into a 25 mL flask, anddissolved in 7 niL
of Et2CVDCM (1:1). HCl-Et2O (1.8 niL, 1.863 mmol) was
added, and the reaction mixture was stirred at room
temperature for 2 hours. An additional 20 equivalents
of HCl-Et 2O was added and the reaction mixture was
stirred an additional 2 hours. The crude reaction
mixture was concentrated in vacuo to afford a yellow
solid. The solid was then purified by flash column
chromatography (10-40% MeOH/DCM), affording the
desired product (31 mg, 74% yield) as a yellow foam.
MS ESI (+) m/z 448 (M+l) detected; 1H NMR (400 MHz,
DMSO-D 6) d 7.90 (m, IH) 5 7.51 (m, 2H), 7.19 (m, IH),
6.84 (m, 2H)5 6.74 (m, IH) 5 3.21 (m5 IH) 5 2.98 (m,
IH), 2.89 (m, 2H), 2.56 (m, 3H)5 2.61 (m, IH), 2.10
(m, IH), 1.60 (m, IH). Example 20
3-f3-(5-bromo-l,3,4-thiadiazol-2-yl)-5-(2,5-difluoroph
enyl)-2- rhenyl-2,3-dihvdro-13,4-
thiadiazol-2-yl)propan- 1-amine [00362] Step A:
Preparation of
2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2-phenyll,
3,4-thiadiazole-3(2H)-carbothiohydrazide :
2-(3-azidopropyi)-5-(2,5-difiuorophenyl)-2-
phenyl-2,3-dihydro-l,3 54-thiadiazole (577 mg, 1.61
mmol) was dissolved in 8 mL THF5 followed by addition
of thio-carbonyldiimidazole (458 mg, 2.57 mmol), and
heated to reflux for 1 hour. The reaction mixture was
cooled to 23 C, and hydrazine (257 mg, 8.03 mmol) was
added. The reaction mixture was stirred for 12 hours.
The crude reaction mixture was then concentrated and
purified by flash column chromatography, eluting with
4:1 (hexanes/ethyl acetate), to afford the desired
product (135 mg, 20%). Step B:
2-(2-(3-azidopropylV5-r2.5-difluorophenvn-2-phenyl-1.3
.4-thiadiazol-3(2H)yl) 1,3,4-thiadiazole:
2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2-phenyl-l,3,
4-thiadiazole- 3(2H)-carbothiohydrazide (220 mg, 0.51
mmol) was dissolved in trimethyl-orthoformate (1.62 g5
15.2 mmol) with a few crystals of pTsOH (10 mg, 0.05
mmol), and heated to 80 C for 20 minutes. The reaction
mixture was then concentrated and purified by flash
column chromatography,, eluting with 4:1
(hexanes/ethyl acetate), to afford the desired product
as a light yellow oil (202 mg, 90%).Step C:
Preparation of
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)2-phenyl-l
,3,4- thiadiazol-3(2H ')-yl)5-bromo-1.3.4-thiadiazole:
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)-
2-phenyl-l,3,4-thiadiazol~3(2H)-yl)-l,3,4-thiadiazole
(0.020 g, 0.0451 mmol) was dissolved in 0.25 mL ACN,
followed by addition of N-Bromosuccinimide (0.00883 g,
0.0496 mmol), and the reaction mixture was heated at
60 0C for 14 hours. The reaction mixture was
concentrated, and the residue was partitioned between
ethyl acetate and saturated sodium bicarbonate
solution. The organic layer was washed with brine,
dried over Na2SO4, filtered, and concentrated. The
crude material was then purified by flash column
chromatography, eluting with 5.3: 1 (hexanes/ethyl
acetate), to afford the desired product as a thick
golden oil (22 mg, 93%). [00363] Step D: Preparation
of 3-f3-f5-bromo-1.3.4-thiadiazol-2-yl)5-(2.5-
difluorophenyl)-2-phenyl-2,3-dihvdro-l,3,4-thiadiazol-
2-yl )propan-l -amine: 2-(2-(3- 



azidopropyl)-5-(2,5-difluorophenyl)-2-phenyl-l,3,4-thi
adiazol-3(2H)-yl)-5-bromo-l,3,4- thiadiazole (0.006 g,
0.011 mol) was dissolved in 0.25 mL THF, followed by
addition of water (0.015 g, 15 mL) and
triphenylphosphine (0.015 g, 0.057 mmol), and the
reaction mixture was stirred at 23 0C overnight. The
crude mixture was purified by directly loading onto a
preparative TLC plate and eluting first with 12:1
(DCM:MeOH), followed by a second elution with 10:1
(DCMMeOH) (both with NH4OH present), to afford the
desired product (0.003 g, 53%). MS ESI (+) m/z 495/497
(M+ 1) detected; 1H NMR (400 MHz, CDCl3) d 7.52 (m,
3H), 7.35 (t, 2H, J = 7.6 Hz), 7.30 (d, IH, J = 7.2
Hz), 7.12 (m, 2H), 3.46 (m, IH), 2.65 (m, 6H), 2.05
(m, IH), 1.61 (m, IH). Example 21
3-(5-(2.5-difluorophenyl)-3-r5-methyl-4.5.6.7-tetrahvd
rothiazolor5.4-clpyridin-2-yl)2- phenyl-2,3-dihydro-
1,3,4-thiadiazol-2-vDpropan- 1-amine [00364] Step A:
Preparation of N-(2-(3-azidopropyl
')-5-('2,5-difluorophenyl)2-phenyl- 2,3-dihydro-
1,3,4-thiadiazole-3-carbonothioyl)benzamide : To a
solution of 2-(3-
azidopropyl)-5-(2,5-difluorophenyl)-2-phenyl-2,3-dihyd
ro-l,3,4-thiadiazole (1.00 g, 2.79mmol) in 20 mL of
anhydrous THF was added benzoyl isothiocyanate (0.45
mL, 3.34 mmol). The reaction was allowed to stir
overnight at reflux, then cooled and concentrated in
vacuo. The residue was purified by flash column
chromatography (5-35% ethyl acetate/hexanes) to afford
the desired product as a yellow gum, 1.45 g 54 %.
[00365] Step B: Preparation of 2-(3-azidopropylV5-(
'2,5-difluorophenyl)2-phenyll,
3,4-thiadiazole-3(2H)-carbothioamide: To a solution of
N-(2-(3-azidopropyl)-5-(2,5-
difluorophenyl)-2-phenyl-2,3-dihydro-l,3,4-thiadiazole
-3-carbonothioyl)benzamide (0.737 g, 1.41 mmol) in 20
mL of anhydrous THF was added hydrazine (0.088 mL,
2.82 mmol). The reaction was stirred at room
temperature for 3 hours, then concentrated in vacuo.
The residue was purified by flash column
chromatography (10-20% ethyl acetate/hexanes) to
afford the desired product as a pale yellow foam,
0.504 g, 85 %. [00366] Step C: Preparation of
tert-butyl
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)- 2-phenyl-
1,3,4-thiadiazol-3(2H)-yl)6.7-dihvdrothiazolo
\5.4-c1pyridine-5(4H)carboxylate : To a solution of
2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2-phenyl-l,3,
4-thiadiazole-3(2H)- carbothioamide (0.300 g, 0.717
mmol) in 10 mL of ethanol was added tert-butyl
3-bromo-4- oxopiperidine-1-carboxylate (0.239 g, 0.860
mmol) followed by DIEA (0.25 mL, 1.43 mmol). The
mixture was allowed to stir overnight at reflux, then
treated with tert-butyl 3-
bromo-4-oxopiperidine-l-carboxylate (100 mg) and
stirred at reflux for a further 3 hours. The cooled
mixture was partitioned between a saturated NaHCO 3
solution (30 mL) and EtOAc (30 mL), and the aqueous
layer was extracted with EtOAc (2 x 20 mL). The
combined organic phases were washed with brine (20
mL), dried over Na SO4, and concentrated in vacuo. The
residue was purified by flash column chromatography
(5-10% ethyl acetate/hexanes) to afford the desired
product as a bright yellow foam, 0.313 g, 73%. [00367]
Step D: Preparation of
2-(2-(3-azidopropylV5-r2,5-difluorophenylV2-phenyll,
3,4-thiadiazol-3(
'2H)-yl')-4.5.6.7-tetrahvdrothiazolo[5,4-clpyridine :
To a solution of tertbutyl 2-(2-(3 -azidoproryl)-5
-(2,5-difluorophenyl)-2-phenyl- 1,3,4-thiadiazol-3
(2H)-yl)-6,7-
dihydrothiazolo[5,4-c]pyridine-5(4H)-carboxylate
(0.313 g, 0.524 mmol) in 10.0 mL of DCM at 0 C was
added TFA ( 1 mL). The mixture was stirred for 1 hour
at 0 C then at room temperature for 1 hour. The
reaction mixture was then concentrated to dryness and
partitioned between EtOAc (30 mL) and a saturated
NaHCO 3 solution (30 mL). The aqueous layer was
extracted with EtOAc (2 x 20 mL), and the combined
organic phases were washed with brine (20 mL), dried
over Na SO4 and concentrated in vacuo to afford the
desired product as a yellow gum, 0.251 g, 96%. [00368]
Step E: Preparation of
2-f2-(3-azidopropylV5-(2.5-difluorophenyr)-2-phenyl13.
4-thiadiazol-3(
"2HVylV5-methyl-4.5,6J-tetrahvdrothiazolor5.4-c1pyridi
ne: To a solution of
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2-phenyl-l
354-thiadiazol-3(2H)-yl)-4,5,6,7-
tetrahydrothiazolo[5,4-c]pyridine (0.050 g, 0.100
mmol) in 1 mL DCE was added formaldehyde (0.033 g, 37
wt % in water, 0.401 mmol), followed by sodium
triacetoxy borohydride (0.023 g, 0.1 10 mmol). The
resulting suspension was stirred vigorously at room
temperature overnight, then treated with saturated
Na2CO3 solution (10 mL) and stirred for 10 minutes.
The mixture was extracted with EtOAc (3 x 10 mL) and
the combined organic phases were washed with brine (10
mL), dried over Na2SO and concentrated in vacuo. The
residue was purified by flash column chromatography
(0-3% MeOH/DCM) to afford the desired product as a
yellow foam, 0.046 g, 89%. [00369] Step F: Preparation
of 3-r5-f2,5-difluorophenyl)-3-r5-methyl-4,5,6,7-
tetrahydrothiazolor5,4-c1pyridin-2-yl)-2-phenyl-2.3-di
hydro-13,4-thiadiazol-2-yl)propan-lamine: To a
solution of
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2 -phenyl-
1,3,4-
thiadiazol-3(2H)-yl)-5-methyl-4,5,6,7-tetrahydrothiazo
lo[5,4-c] ryridine (0.046 g, 0.090 mmol) in 2 mL of
methanol was added IN HCl/MeOH (0.27 mL, 0.27 mmol)
followed by 10% Pd/C (10 mg). The mixture was
hydrogenated under a balloon atmosphere for 1 hour
then filtered through GF paper, and the filtrate
concentrated in vacuo. The residue was triturated with
diethyl ether, filtered, washed with ether and dried
in vacuo to afford the desired product as a bright
yellow solid, 0.027 g, 50%. MS ESI (+) m/z 486 (M+l)
detected; 1H NMR (400 MHz, CDCl3) d 7.59 (m, IH), 7.45
(d, 2H, J = 7.6 Hz), 7.32 (m, 2H), 7.26 (m, IH), 7.06
(m, 2H), 3.50 (m, 2H), 3.43 (m, IH), 2.77 (t, 2H, J =
6.9 Hz), 2.68 (m, 2H), 2.56 (m, 2H), 2.46 (s, 3H),
2.41 (m, IH), 1.99 (m, IH), 1.55 (m, IH) ppm. Example
22 3-(5-('2,5-difluorophenylV2-phenyl-3-(
'4.5.67-tetrahvdrothiazolor5,4-clpyridin-2-ylV2,3-
dihydro- 1,3,4-thiadiazol-2-yDpropan- 1-amine [00370]
To a solution of
2-(2-(3-azidopropyl)-5-(2,5-difluorophenyl)-2-phenyl-l
,3,4-
thiadiazol-3(2H)-yl)-4,5,6,7-tetrahydrothiazolo[5,4-c]
pyridine (prepared according toExample 21, Steps A-D;
0.050 g, 0.100 mmol) in 2 mL of methanol was added IN
HCl/MeOH (0.30 mL, 0.30 mmol) followed by 10% Pd/C (10
mg). The mixture was hydrogenated under a balloon
atmosphere for 1 hour then filtered through GF paper,
and the filtrate concentrated in vacuo. The residue
was triturated with diethyl ether, filtered, washed
with ether and dried in vacuo to afford the desired
product as a bright yellow solid, 0.018 g, 31%. MS ESI
(+) m/z All (M+l) detected; 1H NMR (400 MHz, CDCl3) d
7.59 (m, IH), 7.46 (m, 2H), 7.33 (m, 3H), 7.05 (m,
2H), 3.88 (m, 2H), 3.46 (m, IH), 3.06 (m, 2H), 2.79
(m, 2H), 2.44 (m, 3H), 2.01 (m, IH), 1.57 (m, IH) ppm.
Example 24
3-(5-(2,5-difluorophenyl)3-(4,5-dimethylthiazol-2-ylV2
-phenyl-2.3-dihvdro-l,3,4- thiadiazol-2-yl)propan-
1-amine [00371]
2-(3-Azidopropyl)-5-(2,5-difluorophenyl)-3-(4,5-dimeth
ylthiazol-2-yl)-2-
phenyl-2,3-dihydro-l,3,4-thiadiazole was prepared as
in Example 21, Step C, utilizing 3- chlorobutan-2-one
in place of tert-butyl
3-bromo-4-oxopiperidine-l-carboxylate. Reduction of
the azide as in Example 21, Step F afforded the
desired product as a yellow powder, 25%. MS ESI (+)
m/z 445 (M+l) detected; 1H NMR (400 MHz, CDCl3) d 7.59
(m, IH), 7.47 (d, 2H, J = 7.6 Hz), 7.33 (m, 3H), 7.04
(m, 2H), 3.45 (m, IH), 2.78 (m, 2H), 2.43 (m, IH),
2.19 (s, 3H), 1.99 (m, IH), 1.97 (s, 3H), 1.58 (m, IH)
ppm. Example 24
2-r2-r3-ammopropylV5-(2,5-difluorophenylV2-phenyl-l,3,
4-thiadiazol-3(2HVylVN,Ndimethylthiazole-4-carboxamide
[00372] Step A: Preparation of ethyl
2-("2-(3-azidopropyl)5-(2.5-difluorophenyl)2-
phenyl-l,3,4-thiadiazol-3(2H)yl')thiazole-4-carboxylat
e: Prepared from 2-(3-azidopropyl)-5-
(2,5-difluorophenyl)-2-phenyl-l,3,4-thiadiazole-3(2H)-
carbothioamide as in Example 21, Step C, utilizing
ethyl 3-bromo-2-oxopropanoate in place of tert-butyl
3-bromo-4- oxopiperidine- 1-carboxylate, 57%. [00373]
Step B: Preparation of
2-(2-(3-azidopropylV5-(2,5-difluorophenyl)2-phenyll,
3,4-thiadiazol-3(2H)yl)N,N-dimethylthiazole-4-carboxam
ide: To a solution of dimethylamine (0.102 mL, 2.0 M,
0.2 mmol) in 1 mL of anhydrous THF was added
trimethylaluminum (0.102 mL, 2.0 M, 0.2 mmol). The
solution was stirred at room temperature for 15
minutes, then treated with a solution of ethyl
2-(2-(3-azidopropyl)-5-(2,5-
difluorophenyl)-2-phenyl-l,3,4-thiadiazol-3(2H)-yl)thi
azole-4-carboxylate (0.035 g, 0.07 mmol) in 0.5 mL of
anhydrous THF. After stirring at room temperature for
16 hours the mixture was treated with 0.5 N aqueous
Rochelle's salt solution (10 mL), then partitioned
between saturated NH4Cl (10 mL) and EtOAc (10 mL). The
aqueous layer was extracted with EtOAc (2 x 10 mL) and
the combined organic phases were washed with brine (10
mL), dried over Na2SO4 and concentrated in vacuo. The
residue was purified by flash column chromatography
(20-35% ethyl acetate/hexanes) to afford the desired
product as a yellow gum, 0.026 g, 74%. [00374] Step C:
Preparation of 2-(2-(3-aminopropyl
')-5-('2,5-difluorophenyl)2-phenyl- 1.3.4-thiadiazol-3
(2H) yl)N,N-dimethylthiazole-4-carboxamide :
2-(2-(3-Azidopropyl)-5-
(2,5-difluorophenyl)-2-phenyl-l,3,4-thiadiazol-3(2H)-y
l)-N,N-dimethylthiazole-4- carboxamide (0.026 g, 0.051
mmol) was reduced as in Example 21, Step F, to afford
the desired product as a yellow powder, 0.024 g, 60%.
MS ESI (+) m/z 488 (M+l) detected; 1H NMR (400 MHz,
CDCl3) d 7.63 (m, IH), 7.50 (d, 2H, J = 8 Hz), 7.31
(m, 3H)5 7.24 (m, IH), 7.10 (m, 2H), 3.29 (m, IH),
2.92 (s, 3H), 2.78 (m, 2H), 2.51 (s, 3H), 2.41 (m,
IH), 1.99 (m, IH), 1.51 (m, IH) ppm. Example
252-(2-(3-aminopropyl)5-f2.S-difluorophenyl)-2-phenyl-
l. 3.4-thiadiazol-3 (2H)yI)Nmethylthiazole-
4-carboxamide [00375] Prepared in an analogous manner
to Example 24, utilizing methylamine in place of
dimethylamine in Step B, to afford the desired product
as a yellow solid, 80%. MS ESI (+) m/z 474 (M+l)
detected; 1H NMR (400 MHz, CD3OD) d 7.62 (m, IH), 7.53
(m, 3H), 7.38 (m, 2H), 7.30 (m, 3H), 3.63 (m, IH),
3.10 (m, 2H), 2.79 (s, 3H), 2.72 (m, IH), 2.29 (m,
IH), 1.82 (m, IH) ppm. Example 26
3-(5-(2,5-difluorophenyl)3-(3-methyl-lH-l,2,4-triazol-
5-ylV2-phenyl-2.3-dihvdro-13.4-
thiadiazol-2-yl)propan- 1-amine [00376] Step A:
Preparation of methyl
2-(3-azidopropylV5-(2.5-difluorophenylV2-
phenyl-l,3,4-thiadiazole-3(2HVcarbimidothioate: To a
solution of 2-(3-azidopropyl)-5-(2,5-
difluorophenyl)-2-phenyl-l,3,4-thiadiazole-3(2H)-carbo
thioamide (0.120 g, 0.29 mmol) in 2 rnL of a 4:1
mixture of DCM:MeOH was added methyl iodide (0.022 mL,
0.34 mmol). After stirring for 16 hours at room
temperature, methyl iodide (0.050 mL) was added and
the mixture stirred for a further 4 hours then
concentrated in vacuo. The residue was partitioned
between saturated NaHCO3 (10 mL) and EtOAc (10 mL) and
the aqueous layer was extracted with EtOAc (2 x 10
mL). The combined organic phases were washed with
brine (10 mL), dried over Na SO4 and concentrated in
vacuo. The residue was purified by flash column
chromatography (10-20% ethyl acetate/hexanes) to
afford the desired product, 0.124 g, 59%. [00377] Step
B: Preparation of
2-(3-azidopropyl)5-(2.5-difluorophenyl)3-(3-methyl1H-1
,2,4-triazol-5-yl)2-phenyl-2.3-dihvdro-
1,3,4-thiadiazole : To a solution of methyl 2-(3- 



azidopropyl)-5-(2
55-difluorophenyl)-2-phenyl-1,3,4-thiadiazole-3(2H)-ca
rbimidothioate (0.034 g, 0.079 mmol) in 1 mL pyridine
was added acetohydrazide (0.017 g, 0.240 mmol). The
mixture was warmed to 80 C and stirred for 16 hours,
then treated with acetohydrazide (0.050 g) and stirred
at reflux for 40 hours. The cooled mixture was treated
with water (10 mL) and extracted with EtOAc (3 x 10
mL). The combined organic phases were washed with
water (10 mL) and brine (10 mL), then dried over
Na2SO4 and concentrated in vacuo. The residue was
purified by flash column chromatography (10-20% ethyl
acetate/hexanes) to afford the desired product as a
pale yellow solid, 0.010 g, 29%. [00378] Step C:
Preparation of 3-(5- 2.5-difl uorophenyl
3-(3-methyl-lH-l 2,4- triazol-5
-ylV2-phenyl-2,3-dihydro-
1,3,4-thiadiazol-2-yl)propan- 1-amine:
2-(3-Azidopropyl)-
5-(2,5-difluorophenyl)-3-(3-methyl-lH-l,2,4-triazol-5-
yl)-2- rhenyl-2,3-dihydro-l,3,4- thiadiazole (0.010 g,
0.023 mmol) was reduced as in Example 21, Step F, to
afford the desired product as a pale green solid,
0.007 g, 63%. MS ESI (+) m/z 414 (M+l) detected; 1H
NMR (400 MHz, CDCl3) d 7.45 (m, 3H), 7.33 (m, 2H),
7.27 (m, IH), 7.20 (m, 2H), 3.30 (m, IH), 2.97 (m,
2H), 2.62 (m, IH), 2.24 (s, 3H), 2.18 (m, IH), 1.74
(m, IH) ppm. Example 27
2-(5-(2.5-difluorophenyl)3-r5-methyl-4,5.6.7-tetrahvdr
othiazolor5,4-clpyridin-2-vn-2-
phenyl-23-dihvdro-13,4-thiadiazol-2-yl)ethanol [00379]
Step A: Preparation of
2-(2-(tert-butyldiphenylsilyloxy)ethyl)-5-(2,5-
difluorophenyl)2-phenyl-2.3-dihydro-l,3,4-thiadiazole:
To a solution of 3-(tertbutyldiphenylsilyloxy)-
l-phenylpropan-l-one (1.98 g, 5.10 mmol) in 20 mL of a
3:1 mixture of EtOH:DCM was added
2,5-difluorobenzothiohydrazide (0.800 g, 4.25 mmol).
The mixture was allowed to stir capped, at room
temperature for 60 hours, then uncapped for 48 hours
and then concentrated in vacuo. The residue was
purified by flash column chromatography (Hexanes) to
afford the desired product as an orange oil, 2.19 g,
92% which was contaminated with
3-(tert-butyldiphenylsilyloxy)-l-phenylpropan-l-one.
Thecompound was carried forward to the next step
without further purification. [00380] Step B:
Preparation of N-(2-(2-(tert-butyldiphenylsilyloxy
')eihyl)5-(2,5-
difluorophenyl)-2-phenyl-2,3-dihvdro-l,3,4-thiadiazole
-3-carbonothioyl)benzamide : To a solution of
2-(2-(tert-butyldiphenylsilyloxy)ethyl)-5-(2,5-difluor
ophenyl)-2-phenyl-2,3- dihydro-l,3,4-thiadiazole (1.00
g, 1.79 mmol) in 20 niL of anhydrous THF was added
benzoyl isothiocyanate (0.29 mL, 2.15 mmol). The
reaction was allowed to stir overnight at reflux then
cooled and concentrated in vacuo. The residue was
purified by flash column chromatography (5-10% ethyl
acetate/hexanes) to afford the desired product as a
yellow foam, 0.677 g, 52 %. [00381] Step C:
Preparation of 2-(2-ftert -butyldiphenylsilyloxy ethvl
5-(2 5-
difluorophenyl)2-phenyl-l,3,4-thiadiazole-3(2H)carboth
ioamide : To a solution of N-(2-(2-
(tert-butyldiphenylsilyloxy)ethyl)-5-(2,5-difluorophen
yl)-2-phenyl-2,3-dihydro-l,3,4-
thiadiazole-3-carbonothioyl)benzamide (0.677 g, 0.938
mmol) in 20 mL of anhydrous THF was added hydrazine
(0.060 mL, 1.87 mmol). The reaction was stirred at
room temperature for 3 hours then concentrated in
vacuo. The residue was purified by flash column
chromatography (5-10% ethyl acetate/hexanes) to afford
the desired product as a pale yellow foam, 0.502 g, 87
%. [00382] Step D: Preparation of tert-butyl
2-(2-(2-rtert-butyldiphenylsilyloxy ')ethyl)5-
("2,5-difluorophenyl)2-phenyl-l,3,4-thiadiazol-3(2H)-y
l)-6,7-dihydrothiazolo[5,4-c1pyridine-
5(4H)-carboxylate : To a solution of
2-(2-(tert-butyldiphenylsilyloxy)ethyl)-5-(2,5-
difluorophenyl)-2-phenyl-l,3,4-thiadiazole-3(2H)-carbo
thioamide (0.500 g, 0.809 mmol) in 20 mL of ethanol
was added tert-butyl
3-bromo-4-oxopiperidine-l-carboxylate (0.338 g, 1.21
mmol) followed by DIEA (0.423 mL, 2.43 mmol). The
mixture was allowed to stir overnight at reflux then
treated with tert-butyl
3-bromo-4-oxopiperidine-l-carboxylate (200 mg) and
stirred at reflux for a further 3 hours. The cooled
mixture was partitioned between saturated NaHCO 3
solution (50 mL) and EtOAc (50 mL) and the aqueous
layer was extracted with EtOAc (2 x 50 mL). The
combined organic phases were washed with brine (50 mL)
dried over Na2SO4 and concentrated in vacuo. The
residue was purified by flash column chromatography
(5-10% ethyl acetate/hexanes) to afford the desired
product as a viscous yellow oil, 0.412 g, 64%. [00383]
Step E : Preparation of
2-f2-(2-(tert-butyldiphenylsilyloxy)ethyl)5-(2.5-
difluorophenyl)-2-
rhenyl-l,3.4-thiadiazol-3(2H)yl)4.5.67-tetrahvdrothiaz
olor5.4- clpyridine : To a solution of tert-butyl
2-(2-(2-(tert-butyldiphenylsilyloxy)ethyl)-5-(2,5-
difluorophenyl)-2-phenyl-l,3,4-thiadiazol-3(2H)-yl)-6,
7-dihydrothiazolo[5,4-c]pyridine5(4H)-carboxylate
(0.180 g, 0.226 mmol) in 4 niL of DCM at 0 0C was
added TFA ( 1 mL). The mixture was stirred for 1 hour
at 0 C for 3 hours then concentrated in vacuo. The
residue was partitioned between EtOAc (20 mL) and
saturated NaHCO solution (20 mL) and the aqueous layer
was extracted with EtOAc (2 x 10 mL). The combined
organic phases were washed with brine (10 mL), dried
over Na2SO4 and concentrated in vacuo to afford the
desired product as a yellow gum, 0.157 g, 100%.
[00384] Step F: Preparation of
2-(2-((2--tert-butyldiphenylsilyloxy)ethyl)5-2,5-
difluorophenyl)-2-phenyl-13,4-thiadiazol-3(2HVylV5-met
hyl-4,5,6,7-tetrahvdrothiazolor5,4- c]pyridine: To a
solution of
2-(2-(2-(tert-butyldiphenylsilyloxy)ethyl)-5-(2,5-
difluororhenyl)-2-rhenyl-l,3,4-thiadiazol-3(2H)-yl)-4,
5 :,6;,7-tetrahydrothiazolo[5,4- c]pyridine (0.157 g,
0.225 mmol) in 5 mL DCE was added formaldehyde (0.067
mL, 37 wt % in water, 0.901 mmol) followed by sodium
triacetoxyborohydride (0.052 g, 0.248 mmol). The
resulting suspension was stirred vigorously at room
temperature overnight, then treated with saturated
Na2CO3 solution (30 mL) and stirred for 10 minutes.
The mixture was extracted with EtOAc (3 x 30 mL) and
the combined organic phases were washed with brine (20
mL), dried over Na2SO4 and concentrated in vacuo. The
residue was purified by flash column chromatography
(0-1% MeOH/DCM) to afford the desired product as a
bright yellow foam, 0.119 g, 74%. [00385] Step G:
Preparation of
2-(5-(2,5-difluorophenvl)-3-(5-methyl-4.5.67-
tetrahydrothiazolo[5,4-clpyridin-2-yl)2-phenyl-2,3-dih
vdro-l,3,4-thiadiazol-2-y)l ethanol: To a solution of
2-(2-(2-(tert-butyldiphenylsilyloxy)ethyl)-5-(2,5-difl
uorophenyl)-2-phenyll,
3,4-thiadiazol-3(2H)-yl)-5-methyl-4,5,6,7-tetrahydroth
iazolo[5,4-c]pyridine (0.070 g, 0.098 mmol) in 2 mL of
anhydrous acetonitrile was added HF-TEA (0.160 mL,
0.99 mmol). The solution was stirred at room
temperature for 16 hours then slowly quenched with
saturated NaHCO 3 (20 mL). The mixture was extracted
with EtOAc (3 x 10 mL) and the combined organic phases
were washed with brine (10 mL), dried over Na2SO4 and
concentrated in vacuo. The residue was purified by
flash column chromatography (0-1% MeOH/DCM) and the
residue was dissolved in 2 mL of methanol and treated
with IN HCl/MeOH (2 mL). After stirring for 10
minutes, the solution was concentrated in vacuo. The
residue was triturated with diethyl ether, filtered,
washed with ether and dried in vacuo to afford the
desired product as a yellow powder, 0.023 g, 42%. MS
ESI (+) m/z A13 (M+l) detected; 1H NMR (400 MHz,
CDCl3) d 7.59 (m, IH), 7.44 (d, 2H, J 7.5 Hz), 7.32
(m, 2H), 7.26 (m, IH), 7.07 (m, 2H), 4.10 (m, IH),
3.96 (m, IH), 3.65 (m, IH), 3.54 (q, 2H, J = 30.2,
14.3 Hz),2.83 (m, IH), 2.72 (m, 2H), 2.57 (m, 2H),
2.48 (s, 3H) ppm. Example 28 2-(
5-r2,5-difluorophenylV2-phenyl-3-r4.5.6.7-tetrahvdroth
iazolor5,4-c1pyridin-2-ylV2.3- dihydro-
1,3,4-thiadiazol-2-vDethanol [00386] To a solution of
tert-butyl
2-(2-(2-(tert-butyldirhenylsilyloxy)ethyl)-5-(2,5-
difluorophenyl)-2-phenyl-l,3,4-thiadiazol-3(2H)-yl)-6,
7-dihydrothiazolo[5,4-c]pyridine- 5(4H)-carboxylate
(prepared according to Example 26, Steps A- D; 0.090
g, 0.1 13 mmol) in 1 mL of 1,4-dioxane was added 4M
HCl/dioxane ( 1 mL). The mixture was stirred at room
temperature for 16 hours then treated with 4M
HCl/dioxane (2 mL) and stirred for a further 3 hours.
Water ( 1 mL) was added and the mixture was stirred
for 16 hours then concentrated and dried in vacuo. The
residue was triturated with diethyl ether, filtered,
washed with ether and dried in vacuo to afford the
desired product as an orange/yellow solid, 0.023 g,
38%. MS ESI (+) m/z 459 (M+l) detected; 1H NMR (400
MHz, CDCl3) d 7.59 (m, IH), 7.46 (m, 2H), 7.33 (m,
3H), 7.07 (m, 2H), 4.12 (m, IH), 3.95 (m, IH), 3.87
(m, 2H), 3.65 (m, 2H), 3.05 (m, 2H), 2.84 (m, IH),
2.43 (m, 2H) ppm. [00387] The following compounds can
also be prepared using the above described procedures,
utilizing the appropriately substituted
reagents.TIMED. PULSATILE RELEASE SYSTEMS TECHNICAL
FIELD [0001] The present invention relates to the
development of timed, pulsatile release bead
populations comprising one or more alkaline
pharmaceutical actives exhibiting release of the drug
after a predetermined delay (lag time) of more than
about 5 hours and to the production of oral drug
delivery systems to target PK (pharmacokinetics, i.e.,
plasma concentration-time) profiles suitable for a
twice- or once-daily dosing regimen, thereby
minimizing potential risks of adverse side effects,
enhancing patient compliance and therapeutic efficacy,
and reducing cost of treatment. BACKGROUND OF THE
INVENTION [0002] Many therapeutic agents are most
effective when made available at constant rates at or
near the absorption sites. The absorption of
therapeutic agents thus made available generally
results in desired plasma concentrations leading to
maximum efficacy, and minimum toxic side effects. Much
effort has been devoted to developing sophisticated
drug delivery systems such as osmotic devices for oral
application. However, there are instances where
maintaining a constant blood level of a drug is not
desirable. For example, a major objective of
chronotherapy for cardiovascular diseases is to
deliver the drug in higher concentrations during the
time of greatest need, e.g., the early morning hours,
and in lesser concentrations when the need is less,
e.g., during the late evening and early sleep hours.
In addition to a properly designed drug delivery
system, the time of administration is equally
important. The unique pharmacokinetic profile needed
can be calculated from a simulated modeling developed
using the pharmacokinetic parameters, knowledge of
drug solubility, absorption along the gastrointestinal
tract and elimination half-life. [0003] A timed,
pulsatile delivery system capable of providing one or
more immediate release pulses at predetermined lag
times or at specific sites result in better absorption
of the active and more effective plasma profile.
However, there are only a few such orally applicable
pulsatile release systems due to potential limitations
of the dosage form size, and/or polymeric materials
and their compositions used for producing dosage
forms. Ishino etal. disclose a dry-coated tablet form
in Chemical Pharm. Bull. Vol. 40 ( 11), p3036-3041
(1992). U.S. Pat. No. 4,871,549 assigned to Fujisawa
Pharmaceutical Company discloses the preparation of a
time-controlled explosion system in which
rapid-release pulses at predetermined time intervals
are caused by explosion of the membrane surrounding
the drug cores comprising swelling agents such as
disintegrants (e.g., low-substituted
hydroxypropylcellulose, crospovidone, crosslinked
carboxymethylcellulose, sodium starch glycolate).
These systems are rather difficult to manufacture and
do not consistently perform. 



[0004] U.S. Pat. No. 6,53 1,152 discloses an
explosion-controlled drug delivery system comprising a
core containing a drug in combination with a core
material (such as a polysaccharide or a crosslinked
protein and a disintegrant that swell on exposure to
body fluids or water) having a rigid membrane
comprising hydrophobic and hydrophilic polymers that
bursts rapidly releasing the active when the core
swells. The '152 patent discloses specific tablet
formulations having lag-times of up to about 12 hours.
U.S. Pat. No. 6,287,599 to Burnside et al. discloses a
pharmaceutical composition (a tablet formulation)
comprising at least one pharmaceutically active agent
that has a pH dependent solubility, at least one
non-pH dependent sustained release agent and at least
one pH-dependent agent that increases the dissolution
rate of the active at a pH in excess of 5.5. Such a
system exhibits approximately pH independent drug
release profile. [0005] However, monolithic drug
delivery systems exhibit variable gastrointestinal
transit times, and multiparticulate dosage forms
containing coated drug particles (beads, pellets or
micro-tablets) exhibiting consistent GI transit times
are preferred. [0006] The pulsatile burst release
times in the above-described delivery systems are
controlled by choosing appropriate core material, and
by varying the membrane composition and/or thickness.
However, it is difficult to consistently manufacture
quality products based on such drug delivery systems
wherein the drug-release is controlled by a swelling
agent, a hydrophobic excipient, an osmotic agent alone
or mixtures thereof. [0007] U.S. Pat. No. 6,627,223,
assigned to Eurand Pharmaceutical Limited, which is
incorporated herein by reference, discloses a
pulsatile release system consisting of a combination
of one or more bead populations, each with a
well-defined release profile. A timed,
sustained-release profile (i.e., a sustained-release
profile over a 12 to 24 hours after a lag-time of
about 4 hours (i.e., a period of little or no release)
following oral administration isdisclosed in U.S. Pat.
No. 6,500,454, and a biphasic release profile (i.e.,
an immediate-release pulse and a rapid burst after a
lag-time of about 3 hours) is disclosed in U.S. Pat.
No. 6,663,888. Although, a lag-time of greater than 3
hours could be achieved by applying a membrane
comprising a water-insoluble polymer such as
ethylcellulose (Ethocel Standard Premium 10 cps
available from Dow Chemical Company) and an enteric
polymer such as hydroxypropyl methylcellulose
phthalate (HP-55 available from Shin-Etsu Chemical
Corporation, Tokyo, Japan) on drug-layered beads
containing propranolol hydrochloride (56% drug-load
coated on 25-30 mesh sugar spheres) at 10-15% weight
gain, the same coating composition applied on
drug-layered beads containing nizatidine (56%
drug-load coated on 25-30 mesh sugar spheres) even at
35-39% by weight resulted in a lag-time of less than 3
hours. It was considered in the prior art that the
solubility of therapeutic agent in the dissolution
medium and/or the molecular weight of the agent
determined the drug dissolution within the coated bead
and its diffusion out of the membrane. After extensive
investigations, it was surprisingly discovered that
apart from pH-dependent solubility of the therapeutic
agent, its acidity/alkalinity has a significant effect
on the lag-time that could be achieved. Additionally,
the impact of a barrier coating (i.e., an intermediate
coating applied in between the inner protective seal
coat and the outer lag time coating, hereafter
referred to as the barrier coat) and/or its
composition on lag-time that could be achieved can
vary depending on the acidity/alkalinity of the
actives. SUMMARY OF THE INVENTION [0008] The present
invention provides a pulsatile delivery system
suitable for a twice-daily or once-daily dosing
regimen by oral administration of a specific
therapeutic agent depending on its acidity/alkalinity,
solubility in gastrointestinal fluids, and its
elimination half-life. The pulsatile delivery system
comprises one or more bead populations, such as
immediate release (IR) Beads and timed,
pulsatile-release (TPR) bead populations. Each TPR
bead population releases the drug as a rapid burst or
as a sustained-release profile after a pre-determined
lagtime (for example, 10 hours or longer is
achievable) upon oral administration. The IR Beads may
be simply drug cores coated with a protective membrane
(for example, a coating with Opadry Clear). These IR
Beads with a barrier coating are coated with a
functional membrane of a mixture of water insoluble
and enteric polymers, a plasticized polymeric system
being applied from aqueous or solvent based
composition. The finished dosage form may be
amodified-release (MR) capsule, a standard
(conventional) tablet or an orally disintegrating
tablet (ODT) comprising a coated spherical bead
population containing the active substance alone or a
combination of two or more coated bead populations to
provide target plasma concentrations suitable for a
once or twice-daily dosing regimen. For example, a
once-daily dosage form of an active with an
elimination half-life of about 7 hours may contain a
mixture of an IR bead population which allows
immediate release, a second, TPR bead population with
a shorter lag-time (about 3-4 hours), which allows a
delayed "burst" release and a third, TPR bead
population with a longer lag-time (about 6-9 hours),
which allows a delayed, typically sustained-release
profile of an active with an elimination half-life of
about 7 hours, thus enhancing safety, therapeutic
efficacy and patient compliance while reducing cost of
treatment. The achievable lag time depends on the
composition and thickness of the barrier coating, the
composition and thickness of the lag-time coating, as
well as the nature of the therapeutic agent. Specific
factors that can affect the lag-time include, but are
not limited to, the therapeutic agent's
alkalinity/acidity, solubility, elimination half-life,
and dosing (twicedaily or once-daily) regimen. BRIEF
DESCRIPTION OF THE FIGURES [0009] The invention will
be described in further detail with reference to the
accompanying Figures wherein: Figure 1 shows drug
release profiles of nizatidine IR beads (without a
barrier coating) coated with EC/HPMCP at 20, 25 and
30% by weight of Example 1C. Figure 2 shows
drug-release profiles of propranolol hydrochloride IR
beads (without a barrier coating) coated with EC/HPMCP
at 20, 30 and 40% by weight of Example 2C. Figure 3
shows drug release profiles of IR beads (without a
barrier coating) coated with EC/HPMCP at 20% by weight
(a) propranolol hydrochloride and (b) nizatidine and
at 30% by weight (c) propranolol hydrochloride and (d)
nizatidine.Figure 4 shows drag release profiles of
nizatidine IR beads coated first with a barrier
coating of HPMCP and then coated with a lag-time
coating at 20, 30 and 40% by weight of Example ID.
Figure 5 shows drag release profiles of nizatidine IR
beads coated first with a barrier coating of EC/HPC
and then coated with a lag-time coating at 20, 30 and
40% by weight of Example IE. Figure 6 shows the effect
of the barrier coating applied on nizatidine IR beads
on the lag time achieved at a lag-time coating of 30%
by weight: (A) None, (B) 10% HPMCP and (C) 5% 70/30
EC/HPC. DETAILED DESCRIPTION OF THE INVENTION [0010]
Active pharmaceutical ingredients (API) typically are
either slightly acidic or basic when suspended in
purified water (see Table 1). The extent of acidity or
alkalinity varies significantly. For example, the pH
can range from as low as 5.7-6.5 for propranolol
hydrochloride to a pH of 6.5-8.7 for nizatidine to as
high as a pH of 7.9-1 1.0 for atenolol. An active
pharmaceutical ingredient exhibiting a pH of 7.0, or
less, when suspended in water at a solid content of 2
g/mL is designated as an acidic drug in this invention
disclosure while an API exhibiting a pH of 7.0, or
greater, is designated as an alkaline drug. Table 1:
pH of representative drags suspended in water[0011]
Since the polymer blend system typically utilized to
delay the onset of drag-release by several hours upon
oral administration is a mixture of water-insoluble
and enteric polymers, the extent of delayed onset
depends on the acidity/alkalinity of the API. The
present invention provides a method for manufacturing
a pharmaceutically elegant multi particulate dosage
form having timed, pulsatile release profiles, i.e., a
well time-controlled single pulse or a series of
pulses occurring several hours after oral
administration. The present invention also provides a
multicoated, multiparticulate dosage form having an
active core, an intermediate barrier-coating and an
outer membrane of a mixture of water-insoluble polymer
and an enteric polymer. A barrier coating applied on
IR beads may comprise an enteric polymer, a
water-insoluble polymer or a mixture of
water-insoluble and water-soluble polymers. The
polymers used in forming the barrier coating and the
outer membrane may be plasticized. [0012] In
accordance with one aspect of the present invention,
the active core of the dosage form may comprise an
inert particle, which is coated with a drag-containing
film-forming formulation and, in accordance with
certain embodiments, an inert particle is coated with
a water-soluble film forming composition to form a
water-soluble/dispersible particle. The amount of drag
in the core will depend on the drag and the dose that
is desired. Generally, the core in accordance with
this aspect of the invention will contain about 5 to
60% by weight of the drag based on the total weight of
the core. Those skilled in the art will be able to
select an appropriate amount of drag for coating or
incorporation into the core to achieve the desired
dosage form. [0013] The active core of the dosage form
of certain embodiments of the present invention may
comprise an inert particle such as a sugar sphere with
a desired mean particle size. Inone embodiment, the
inactive core may be a sugar sphere, a cellulose
sphere, a spheroidal silicon dioxide bead, a buffer
crystal or an encapsulated buffer crystal, such as
calcium carbonate, sodium bicarbonate, fumaric acid,
tartaric acid, etc. Buffer crystals are useful to
alter the microenvironment. Alternatively in
accordance with other embodiments, drugcontaining
microgranules or pellets may be prepared by
rotogranulation, high-shear granulation and
extrusion-spheronization or compression (as
mini-/micro-tablets (about one/two mm in diameter)) of
the drug, a polymeric binder and optionally
fillers/diluents. [0014] Active cores comprising an
inert particle coated with a drug-containing film
forming binder can be prepared in accordance with the
following process. An aqueous or a pharmaceutically
acceptable solvent medium may be used for preparing
core particles based on coated inert particles. The
type of inert binder that is used to bind the
water-soluble drug to the inert particle is not
critical but usually water soluble or alcohol soluble
binders, such as polyvinylpyrrolidone (PVP or
povidone) or hydroxypropylcellulose may be used. The
binder may be used at any concentration capable of
being applied to the inert particle. Typically, the
binder is used at a concentration of about 0.5 to 10%
by weight. The drug substance may be present in this
coating formulation in solution form or may be
suspended. The drug concentration may vary depending
on the application but typically will be used at
concentrations from about 10 to 30% by weight
depending on the viscosity of the coating formulation.
[0015] In accordance with other embodiments, the
active core may be prepared by rotogranulation, or by
granulation followed by extrusion-spheronization or
tableting into micro-/mini-tablets. The drug
substance, a binder, an optional dissolution rate
controlling polymer, and optionally other
pharmaceutically acceptable excipients (e.g.,
diluents/fillers) may be blended together in a
high-shear granulator, such as Fielder granulator, or
a fluid bed 



granulator, such as Glatt GPCG granulator, and
granulated to form agglomerates by adding/spraying a
granulating fluid such as water or alcohol and dried.
The wet mass can be extruded and spheronized to
produce spherical particles (pellets) using an
extruder/marumerizer. The blend comprising drug
particles, a binder and optionally a filler/diluent or
drug-containing granules can also be compressed into
mini-tablets (about 2 mm in diameter) or micro-tablets
(about 1mm in diameter) to produce IR pellets. In
these embodiments, the drug load could be as high as
95% by weight based on the total weight of the
extruded or granulated core.[0016] Generally, the
individual polymeric coatings on the active core will
vary from about 1.5 to 60% by weight depending on the
nature of the active, composition of the barrier coat,
and required lag-time. In one embodiment, the core
with a high drug-load may be provided with a
barrier-coat of a plasticized water-insoluble polymer,
such as ethylcellulose (EC), at about 1.5-1 5% by
weight to sustain the drug-release over about 5-20
hours. In certain other embodiments, the core with a
high drug-load may be provided with a barrier-coat of
a plasticized enteric polymer, such as hydroxypropyl
methylcellulose phthalate (HPMCP), at about 5-20% by
weight hi yet another embodiment of the present
invention, the active core may be provided with an
outer lag-time coating of EC/HPMCP/plasticizer at
about 45.5/40/14.5 for a weight gain of about 30-60%
by weight to lengthen the lag-time up to about 10
hours or longer. [0017] Both the barrier and outer
(hereafter referred to as lag-time) membrane coatings
on water-soluble/dispersible drug containing particles
(IR beads) may comprise a plasticizer. The
intermediate or barrier membrane may comprise an
enteric polymer such as hydroxypropyl methylcellulose
phthalate (HPMCP) or a water-insoluble polymer (e.g.,
ethylcellulose) alone or in combination with one or
more water-soluble/pore-forming polymer such as HPMC,
methyl cellulose, hydroxypropyl cellulose (HPC),
polyethylene glycol (PEG) or polyvinylpyrrolidone
(PVP). When the barrier coating comprises a
waterinsoluble polymer in combination with a
water-soluble/pore-forming polymer, the polymers are
typically present at a ratio from about 9:1 to 5:5,
water-insoluble polymer to watersoluble polymer. The
barrier coating is typically applied for a weight gain
of from about 1.5 to 15% by weight. [0018] The outer
lag-time membrane may comprise a plasticized mixture
of a waterinsoluble polymer and an enteric polymer
wherein the water-insoluble polymer and the enteric
polymer may be present at a weight ratio of about 10:1
to 1:2 and typically about 3:1 to 1:1. The total
weight of the lag coating varies from about 30 to 60%
and more particularly from about 40 to 55% by weight
based on the weight of the coated bead. [0019] Cores
comprising a slightly basic drug, such as nizatidine,
may be provided with only the lag-time coating (no
barrier coating) of EC/HPMCP/plasticizer at about
45.5/40/14.5 for a weight gain of about 40% by weight,
which may result in a lag-time of about 3 hours or
less hi contrast, cores comprising a slightly acidic
drug, such as propranolol hydrochloride, may be
provided with only the lag-time coating of
EC/HPMCP/plasticizer at about45.5/40/14.5 for a weight
gain of about 40% by weight, which could result in a
lag-time of about 6 hours or longer. Those skilled in
the art will be able to select an appropriate amount
of active for coating onto or incorporating into the
core to achieve the desired dosage. [0020] In
accordance with one particular embodiment of the
present invention, the water soluble/dispersible
drug-containing particle is coated with a mixture of a
water insoluble polymer and an enteric polymer. The
water insoluble polymer and enteric polymer may be
present at a weight ratio of from about 10:1 to 1:2,
more particularly from about 2:1 to 1:1, and the total
weight of the coatings is about 30 to 60% by weight
based on the total weight of the coated beads. The
polymeric coatings typically contain plasticizers and
may be applied from aqueous and/or solvent-based
systems. [0021] The composition of the membrane layer
and the individual weights of the polymers are
important factors to be considered for achieving a
desired lag time prior to appreciable drug release.
The coated beads may optionally have a barrier layer
of pharmaceutical glaze (shellac) under the lag-time
coating, which basically dictates the lag time. [0022]
The invention also provides a method of making timed,
pulsatile release beads comprising the steps of: 1.
preparing drug-containing cores by coating inert
particles, such as sugar spheres or cellulose spheres,
with one or more active pharmaceutical ingredients
from a polymeric binder solution/suspension and
applying a protective seal-coat to form immediate
release (IR) beads; 2. coating the IR beads with a
plasticized a) water-insoluble polymer alone or in
combination with a water-soluble polymer or b) enteric
polymer to form barriercoated beads with a membrane
thickness of from about 1.5% to 20% by weight; 3.
coating the barrier-coated beads with a plasticized
mixture of a water-insoluble polymer and an enteric
polymer with a membrane thickness of from about 40% to
60% by weight to form TPR (Timed Pulsatile Release)
beads exhibiting a lag-time of up to about 10 hours or
longer; and 4. filling two or more bead populations -
IR beads and one or more TPR bead populations, wherein
each TPR bead population may exhibit different
lag-timesinto hard gelatin capsules, or compressing
into conventional tablets or orally disintegrating
tablets, to produce a once-daily or twice-daily
capsule formulation. [0023] The release profiles for
IR, barrier-coated and TPR beads may be determined
according to the following procedure: [0024]
Dissolution testing of IR beads and enteric coated
beads (for acid resistance testing) is conducted with
a USP Apparatus 1 (baskets at 100 rpm) or Apparatus 2
(paddles at 50 rpm) in 900 mL of 0.1N HCl at 370C
while the dissolution testing of TPR beads is
conducted in a USP apparatus using a two-stage
dissolution medium (first 2 hours in 700 mL of 0.IN
HCl at 37C followed by dissolution testing at pH = 6.8
obtained by the addition of 200 mL of pH modifier).
Drug release with time is determined by HPLC on
samples pulled at selected intervals. [0025] The TPR
Beads prepared in accordance with present invention
may be designed to provide a target drug-release
profile, such as a rapid pulse or a sustained-release
profile following a pre-determined lag-time. Even in
the absence of the barrier coating, thicker lagtime
coatings typically provide moderately sustained rather
than rapid pulses (see Figure 3 for details). The
multiparticulate dosage form may be provided as a
single TPR bead population alone or a TPR bead
population combined with an IR bead population and/or
one or more additional TPR bead populations providing
different release profiles. In accordance with one
embodiment, a multiparticulate dosage form is provided
with at least an IR bead population, a first TPR
population and a second TPR population werein the
ratio of IR bead to the first and second TPR bead
population varies from about 10/20/70 to about
30/60/10, respectively, depending on factors such as
alkalinity, pH-depedent solubility, and/or elimination
half-life of the active ingredient. [0026] There are
instances wherein the onset of drug release should
begin several hours following oral administration to
provide adequate plasma concentration to be suitable
for a once-daily dosing regimen, depending on the
elimination half-life of the active. In accordance
with particular aspects of the invention, drug release
may be delayed for up to about 10-15 hours after oral
administration.[0027] A single targeted
sustained-release profile over several hours after
oral administration, with or without an immediate
release pulse, is provided in accordance with certain
of the timed pulsatile release drug delivery systems
of the present invention. [0028] In accordance with
one aspect of the invention, one or more active
ingredients, a binder such as hydroxypropylcellulose
(Klucel LF), a dissolution rate controlling polymer
(if used), and optionally other pharmaceutically
acceptable excipients are blended together in a high
shear granulator such as Fielder or a fluid bed
granulator such as Glatt GPCG 5 and granulated to form
agglomerates by adding/spraying a granulating fluid
such as water or alcohol and dried. The wet mass can
be extruded and spheronized to produce spherical
particles (beads) using an extruder/marumerizer. In
accordance with another embodiment of the invention,
dried granules may be compressed into pellets (i.e.,
mini or micro-tablets) with a diameter of about 1mm to
2 mm. In these embodiments, the drug load could be as
high as 95% by weight based on the total weight of the
extruded/spheronized or mini-/micro-tablet core.
[0029] In accordance with a specific embodiment, the
active containing cores (beads, pellets,
mini-/micro-tablets or granular particles) thus
obtained are coated with a lag-time coating comprising
a water-insoluble polymer and an enteric polymer, such
as ethylcellulose and hypromellose phthalate (i.e.,
hydroxypropyl methylcellulose phthalate or HPMCP) at a
thickness from about 10 to 60%, more particularly from
about 30% to 60%, by weight based on the total weight
of the coated beads. The ratio of water insoluble
polymer to enteric polymer may vary from about 10: 1
to 1:2, more particularly from about 2:1 to 1:1.
[0030] An aqueous or a pharmaceutically acceptable
solvent medium may be used for preparing core
particles. The type of inert binder that is used to
bind the water-soluble drug to the inert particle is
not critical but usually water-soluble or alcohol
soluble binders are used. Representative examples of
binders include, but are not limited to,
polyvinylpyrrolidone (PVP), hydroxypropyl
methylcellulose (HPMC), hydroxypropylcellulose,
carboxyalkylcelluloses, polyethylene oxide,
polysaccharides such as dextran, corn starch, which
may be dissolved or dispersed in water, alcohol,
acetone or mixtures thereof. The binders are typically
used at a concentration of from about 0.5 to 10% by
weight.[0031] Representative examples of enteric
polymers useful in the invention include esters of
cellulose and its derivatives (cellulose acetate
phthalate, hydroxypropyl methylcellulose phthalate,
hydroxypropyl methylcellulose acetate succinate),
polyvinyl acetate phthalate, pHsensitive methacrylic
acid-methamethacrylate copolymers and shellac. These
polymers may be used as a dry powder or an aqueous
dispersion. Some commercially available materials that
may be used are methacrylic acid copolymers sold under
the trademark Eudragit (LlOO, SlOO, L30D) manufactured
by Rohm Pharma, Cellacefate (cellulose acetate
phthalate) from Eastman Chemical Co., Aquateric
(cellulose acetate phthalate aqueous dispersion) from
FMC Corp. and Aqoat (hydroxypropyl methylcellulose
acetate succinate aqueous dispersion) from Shin Etsu
K.K. [0032] Representative examples of water-insoluble
polymers useful in the invention include
ethylcellulose, polyvinyl acetate (for example,
Kollicoat SR#30D from BASF), cellulose acetate,
cellulose acetate butyrate, neutral copolymers based
on ethyl acrylate and methylmethacrylate, copolymers
of acrylic and methacrylic acid esters with quaternary
ammonium groups such as Eudragit NE, RS and RS30D, RL
or RL30D and the like. [0033] Dissolution rate
controlling polymers suitable for incorporating in the
formulation for producing granules by high shear or
fluid bed granulation or by dry granulation include
high molecular weight hydroxypropyl methylcellulose,
hydroxypropyl cellulose, ethyl 



cellulose, sodium carboxymethyl cellulose, alginic
acid, polymethylmethacrylate copolymers and polyvinyl
acetate/crotonic acid copolymer or combinations
thereof. [0034] Both enteric and water-insoluble
polymers used in forming the membranes are usually
plasticized. Representative examples of plasticizers
that may be used to plasticize the membranes include
triacetin, tributyl citrate, triethyl citrate, acetyl
tri-n-butyl citrate, diethyl phthalate, castor oil,
dibutyl sebacate, acetylated monoglycerides,
acetylated diglycerides and the like or mixtures
thereof. The plasticizer, when used, may comprise
about 3 to 30 wt.% and more typically about 10 to 25
wt.% based on the polymer. The type of plasticizer and
its content depends on the polymer or polymers and
nature of the coating system (e.g., aqueous or solvent
based, solution or dispersion based and the total
solids). [0035] In general, it is desirable to prime
the surface of the particle before applying the
membrane coatings or to separate the different
membrane layers by applying a thinhydroxypropyl
methylcellulose (HPMC) (Opadry Clear) film. While HPMC
is typically used, other primers such as
hydroxypropylcellulose (HPC) can also be used. [0036]
The active pharmaceutical ingredients suitable for
incorporation into these timecontrolled pulsatile
release systems include basic bioactive molecules or
their salts. The drug substance can be selected from
the group of pharmaceutically acceptable chemical
entities with proven pharmacological activity in
humans. Reprentative examples include analgesics,
anticonvulsants, antidiabetic agents, anti-infective
agents, antineoplastics, antiparkinsonian agents,
antirheumatic stimulants, cardio vascular agents, CNS
(central nervous system) stimulants, dopamine receptor
agonists, gastrointestinal agents, psychotherapeutic
agents, opioid agonists, opioid antagonists, urinary
tract agents, antiemetics, anti-epileptic drugs,
histamine H antagonists, skeletal muscle relaxants,
and antiasthmatic agents. [0037] The membrane coatings
can be applied to the core using any of the coating
techniques commonly used in the pharmaceutical
industry, but fluid bed coating is particularly
useful. The present invention is directed to
multi-dose forms, i.e., drug products in the form of
multiparticulate dosage forms (hard gelatin capsules,
conventional tablets or ODTs (orally disintegrating
tablets)) comprising one or more bead populations for
oral administration to provide target PK profiles in
patients in need of treatment. The conventional
tablets rapidly disperse on entry into the stomach
while ODTs rapidly disintegrate in the oral cavity
forming a suspension of coated beads for easy
swallowing. One or more coated bead populations may be
compressed together with appropriate excipients into
tablets (for example, a binder, a diluent/filler, and
a disintegrant for conventional tablets while a
rapidly dispersing granulation may replace the
binderdiluent/ filler combination in ODTs). [0038] The
following non-limiting examples illustrate the capsule
dosage forms comprising one or more pulses, each with
a predetermined delayed-onset and the totality of the
in vitro drug-release profile or the ensuing in vivo
plasma concentration profile upon oral administration
of the dosage form should mimic the desired profile to
achieve maximum therapeutic efficacy to enhance
patient compliance and quality of life. Such dosage
forms, when administered at the 'right time', would
enable maintaining drug plasma concentration at a
level potentially beneficial in minimizing the
occurrence of side-effects associated with Cmax O m
in.Example 1 (Inventive ): A. IR Beads of Nizatidine
[0039] Nizatidine (168 kg) was slowly added to an
aqueous solution of hydroxypropylcellulose such as
Klucel LF (18.6 kg) and mixed well. # 25-30 mesh sugar
spheres (107.4 kg) were coated with the drug
suspension in a Glatt fluid bed coater, equipped with
a 32" bottom spray Wurster insert. The drug containing
particles were dried, and a seal coat of Opadry Clear
(2% w/w) was first applied and dried in the Glatt
fluid bed unit as a precautionary measure to drive off
excessive surface moisture. The drug load was 56% w/w.
B. Nizatidine Beads with a Barrier-coating of HPMCP:
[0040] IR beads produced above were coated in Glatt
GPCG 5 equipped with a bottom spray Wurster insert
with HPMCP (e.g., hypromellose phthalate, HP-55
commercially available from Shin Etsu) and triethyl
citrate (TEC) as a plasticizer at a ratio of 90/10
dissolved in 98/2 acetone/water for a weight gain of
10% based on the weight of the coated beads. C.
Nizatidine TPR Beads without a Barrier-coating of
HPMCP: [0041] Drug containing IR Beads from Step A
above were provided with an outer membrane by spraying
a solution of 45.5/40/14.5 EC/HPMCP/TEC
(ethylcellulose / HPMCP / triethylcitrate) in 98/2
acetone/water in a fluid bed coater for a weight gain
of approximately 20%, 25% and 30%. The coated
particles were unit cured at 600C for 10 minutes to
produce TPR Beads (batch size: 4 kg). D. Nizatidine
TPR Beads with a Barrier-coating of HPMCP: [0042] The
enteric-coated beads from Step B above were provided
with an outer membrane by spraying a solution of
45.5/40/14.5 EC/HPMCP/TEC in 98/2 acetone/water in a
fluid bed coater for a weight gain of approximately
20%, 30%, and 40%. The coated particles were unit
cured at 600C for 10 minutes to produce TPR Beads
(batch size: 4 kg).E. Nizatidine TPR Beads with a
Barrier-coating of EC/HPC : [0043] IR beads produced
above (Step A) were coated in Glatt GPCG 5 equipped
with a bottom spray Wurster insert with ethylcellulose
and hydroxypropylcelluse (e.g., Klucel LF commercially
available from Aqualon) at a ratio of 70/30 dissolved
in acetone/water plasticized with TEC for a weight
gain of 5% based on the weight of the coated beads.
These barrier-coated beads were provided with an outer
membrane by spraying a solution of 45.5/40/14.5
EC/HPMCP/TEC in 98/2 acetone/water in a fluid bed
coater for a weight gain of approximately 20%, 30% and
40%. The coated particles were unit cured at 6O0C for
10 minutes to produce TPR Beads (batch size: 4 kg).
Example 2 (Comparative): A. IR Beads of Propranolol
HCl: [0044] Propranolol HCl (168 kg) was slowly added
to an aqueous solution of polyvinylpyrrolidone (8.8 kg
Povidone K-30) and mixed well. 25-30 mesh sugar
spheres ( 117.2 kg) were coated with the drug solution
in a Glatt fluid bed granulator equipped with 32"
bottom spray Wurster insert. The drug containing
pellets were dried, and a seal coat of Opadry Clear
(6.0 kg) was first applied and dried in the Glatt
fluid-bed unit as a precautionary measure to drive off
excessive surface moisture. The drug load was 56% w/w.
B. Propranolol HCl Beads with a Barrier-coating of
HPMCP : [0045] IR beads produced above were coated in
Glatt GPCG 5 equipped with a bottom spray Wurster
insert with HPMCP and TEC at a ratio of 90/10
dissolved in 98/2 acetone/water for a weight gain of
10% based on the weight of the coated beads. C.
Propranolol HCl TPR Beads (without barrier-coating) :
[0046] IR beads produced in Step A above were coated
in Glatt GPCG 5 with ethylcellulose, HPMCP and
triethyl citrate at a ratio of 45.5/40/14.5 dissolved
in 98/2acetone/water for a weight gain of 20%, 30% and
40% based on the weight of the coated beads. D.
Propranolol HCl TPR Beads (with a barrier-coat of EC):
[0047] IR beads produced in Step Aabove were coated in
fluid-bed equipment (Fluid Air FA0300 equipped with a
32" bottom spray Wurster insert) with ethylcellulose
and diethyl phthalate (DEP) as a plasticizer at a
ratio of 90/1 0 for a weight gain of 1.8% by weight.
This coating was followed by a lag-time coating of
EC/HPMCP/DEP at a ratio of 45.5/40/14.5 dissolved in
98/2 acetone/water for a weight gain of 15%, based on
the weight of the coated beads. [0048] Drug Release
Testing: The drug release profiles were generated by
dissolution testing per US Pharmacopoeia method
(Apparatus 1 with baskets at 100 rpni or Apparatus 2
with paddles at 50 rpm) using 700 mL of p H 1.2 buffer
for 2 hours followed by testing in 900 mL of pH 6.8
for the remaining time-points). The IR and
enteric-coated beads were tested in 900 mL of 0.1N HCl
for 1 and 1.5 hrs, respectively. The samples pulled at
different time-points were quantified by HPLC. Example
3 Stability of Coated Beads: [0049] Nizatidine TPR
beads of Example ID coated with EC/HPMCP at 40% were
packaged in induction-sealed HDPE bottles, placed on
stability at 40C/75%RH and samples were pulled at 1,
2, 3 and 6-month time points. Dissolution tests were
performed using the procedures detailed above. The TPR
beads stored at accelerated stability conditions
exhibited acceptable stability for at least 6 months.
Drug Release Profile: [0050] Finished capsules may
comprise one or more TPR bead populations with desired
lag-times or in combination with IR beads at a desired
ratio and in sufficient quantities to provide target
in vitro drug-release profiles and hence target
pharmacokinetics (PK) profiles suitable for a
twice-daily or once-daily dosing regimen. When tested
under in vitroconditions following the dissolution
test procedure listed above, the IR beads which are
designed to provide a loading dose typically release
substantially all of the drug within the first hour,
preferably within the first 30 minutes. The Timed
Pulsatile Release (TPR) Beads are designed to begin
releasing the drug after a lag-time of up to several
hours (a period of minimal drug-release (less than
about 10% of the dose) following oral administration).
The pulse may be a rapid burst or spread over a period
ranging from about 2 hours to about 20 hours depending
on the thickness of the lag-time coating and/or the
barrier-coat. Acid-resistance of Nizatidine and
Propranolol Beads Coated with HPMCP [0051] The enteric
polymer coating applied on nizatidine IR beads of
Example IB more or less disintegrated within an hour
releasing most of the dose in the acidic buffer
although the enteric polymer was not supposed to
dissolve. In contrast, the enteric-coated beads of
propranolol hydrochloride of Example 2B exhibited the
expected acid-resistant property by releasing not more
than 1% of the dose in 1.5 hours of dissolution
testing atpH 1.2. Although not wishing to be bound by
theory, it appears the water imbibed into the core of
coated nizatidine beads dissolves some nizatidine
creating an alkaline pH environment, which tends to
destroy the enteric polymer membrane on the enteric
coated IR beads, even though the dissolution medium is
acidic. Effect of Barrier-coat on Lag-time: [0052]
From a comparison of Figures 1 and 2, which depict the
drug-release profiles of TPR beads without a barrier
coat, it is clear that the TPR beads of nizatidine, a
slightly alkaline drug, coated with EC/HPMCP at 30% by
weight exhibits a lag-time of less than 3 hours. In
contrast, the TPR beads of propranolol HCl, a slightly
acidic drug, coated with the same polymer blend at the
same coating thickness exhibits a lag-time of about 5
hours. From a comparison of the lag-times observed
from Nizatidine and propranolol HCl TPR beads at
identical coating conditions and compositions, it is
evident that the acidity/alkalinity plays a major role
in providing the lag time (Fig. 3). 



[0053] Figs. 4 and 5 demonstrate the effect of a
barrier coating on the lag time that can be achieved
for nizatidine beads. For example, at the coating of
40% by weight, an entericpolymer barrier provides a
lag time of about 5 hours while a more hydrophobic
barrier of EC/HPC enables achieving a lag time of
about 8 hours. These differences become clearer from
Fig. 6, which shows the drag-release profiles from TPR
beads at 30% coating: i) with no barrier coating; ii)
with a barrier coating of an enteric polymer; or iii)
a hydrophobic polymer blend. It is evident that a
barrier coating with a hydrophobic water-insoluble
polymer such as ethylcellulose provides longer lag
times as compared to a barrier coating of an enteric
polymer from TPR beads of alkaline drugs. [0054] From
these demonstrations, it is apparent that the
alkalinity/acidity of the active pharmaceutical
ingredient has a significant impact on the lag time
that can be achieved at given coating conditions.
Another active such as atenolol which is more alkaline
than nizatidine would be expected to show shorter lag
time than nizatidine. Of course, the lag time can be
increased by providing a barrier coating comprising an
appropriate polymer alone or in combination with a
membrane modifier (for example, hydrophobic
ethylcellulose alone or together with water-soluble
hydroxypropylcellulose). The membrane thickness can be
varied to further fine-tune the lag time. [0055] While
the invention has been described in detail and with
respect to specific embodiments thereof, it will be
apparent that numerous modifications and variations
are possible without departing from the scope of the
invention as defined by the following claims.What is
claimed is: 1. A pharmaceutical multiparticulate
dosage form comprising a mixture of immediate release
(IR) beads and timed, pulsatile release (TPR) beads,
wherein said TPR beads comprise: a) a core particle
comprising one or more basic, active pharmaceutical
ingredients or pharmaceutically acceptable salts
thereof; b) an inner barrier coating surrounding said
core particle, said barrier coating comprising: i) an
enteric polymer, or ii) a water-insoluble polymer
alone or in combination with a water-soluble
pore-forming polymer; and c) an outer lag-time coating
comprising a water-insoluble polymer in combination
with an enteric polymer, said outer membrane providing
a lag time of at least about 5 hours before onset of
drug release. 2. A pharmaceutical multiparticulate
dosage form claim 1 wherein the active pharmaceutical
ingredient is selected from the group consisting of
analgesics, anticonvulsants, antidiabetic agents,
anti-infective agents, antineoplastics,
antiparkinsonian agents, antirheumatic agents,
cardiovascular agents, CNS (central nervous system)
stimulants, dopamine receptor agonists, anti-emetics,
gastrointestinal agents, psychotherapeutic agents,
opioid agonists, opioid antagonists, anti-epileptic
drugs, histamine H antagonists, anti-asthmatic agents,
and skeletal muscle relaxants. 3. A pharmaceutical
multiparticulate dosage form in accordance with claim
1 comprising two or more bead populations to provide
target pharmacokinetic profiles suitable for a once or
twice-daily dosing regimen, wherein each population
exhibits a predetermined (target) drug-release profile
when dissolution tested using USP Apparatus 1 or 2 and
a two-stage dissolution media (first two hours in 700
mL of 0.1N HCl and thereafter in 900 mL at pH 6.8). 4.
A pharmaceutical multiparticulate dosage form in
accordance with claim 1 comprising at least an IR bead
population, a first TPR bead population and a second
TPR bead population wherein the ratio of IR bead to
the first and second TPR bead populations varies from
about 10/20/70 to about 30/60/10, respectively,
depending onthe alkalinity, pH-dependent solubility
and/or elimination half-life of the active ingredient.
5. A pharmaceutical multiparticulate dosage form in
accordance with claim 1, wherein said core particle
comprises: i) an inert particle coated with an active
ingredient and a polymeric binder; or ii) a pellet or
mini- or micro-tablet containing the active
ingredient, a polymeric binder and a diluent/filler,
prepared by rotogranulation, granulationextrusion-
spheronization or granulation-tableting. 6. A
pharmaceutical multiparticulate dosage form in
accordance with claim 5 wherein said polymeric binder
is selected from the group consisting of
polyvinylpyrrolidone, methylcellulose,
hydroxypropylcellulose, hydroxypropyl methylcellulose,
corn starch, pregelatinized starch and mixtures
thereof. 7. A pharmaceutical multiparticulate dosage
form in accordance with claim 1 wherein said particle
barrier coating comprises an enteric polymer selected
from the group consisting of cellulose acetate
phthalate, hydroxypropyl methylcellulose phthalate,
hydroxypropyl methylcellulose succinate, polyvinyl
acetate phthalate, pH-sensitive methacrylic
acid-methylmethacrylate copolymers, shellac,
derivatives thereof, and mixtures thereof. 8. A
pharmaceutical multiparticulate dosage form in
accordance with claim 7 wherein the barrier coating
comprises from about 5 to 20% by weight of the barrier
coated bead. 9. A pharmaceutical multiparticulate
dosage form in accordance with claim 1 wherein
particle core is provided with a barrier coating
comprising a water-insoluble polymer alone or in
combination with a water soluble polymer at a ratio of
from about 9:1to 5:5 wherein said barrier coating is
applied for a weight gain of from about 1.5% to 15% by
weight based on the weight of the coated bead.10. A
pharmaceutical dosage form in accordance with claim 9
wherein said water-soluble polymer is selected from
the group consisting of such as methylcellulose,
hydroxypropyl methylcellulose, hydroxypropylcellulose,
polyvinyl pyrrolidone and polyethylene glycol and
mixtures thereof. 11. A pharmaceutical dosage form in
accordance with claim 1 wherein the outer lag-time
coating comprises the water-insoluble polymer and the
enteric polymer at a ratio of from about 10:1 to 1:2,
respectively, for a weight gain of from about 30% to
60% by weight based on the weight of the TPR bead. 12.
A pharmaceutical dosage form in accordance with claim
11 wherein said waterinsoluble polymer is selected
from the group consisting of ethylcellulose, cellulose
acetate, polyvinyl acetate, methylmethacrylate ester
polymers and mixtures thereof. 13. A pharmaceutical
dosage form in accordance with claim 1 wherein at
least one of the inner barrier coating and the outer
lag-time coating comprises a plasticizer selected from
the group consisting of triacetm, tributyl citrate,
tri-ethyl citrate, acetyl tri-nbutyl citrate, diethyl
phthalate, dibutyl sebacate, polyethylene glycol,
polypropylene glycol, castor oil, acetylated mono- and
di-glycerides and mixtures thereof. 14. A
pharmaceutical dosage form in accordance with claim 1
wherein said lag-time coating comprises water
insoluble and enteric polymers at a ratio varying from
approximately 3:1 to approximately 1:1, respectively.
15. A pharmaceutical dosage form in accordance with
claim 1 wherein said dosage form further comprises
immediate release (IR) beads, which provide a loading
dose by releasing not less than about 90% of the
active contained in said IR beads within the first
hour after oral administration of the dosage form. 16.
A pharmaceutical dosage form in accordance with claim
1 wherein said dosage fopn comprises at least two
timed, pulsatile release (TPR) bead populations,
wherein each TPR bead population exhibits upon oral
administration of the dosage form a pre determined
lag-time followed by differing release
characteristics.17. A pharmaceutical dosage form in
accordance with claim 1 wherein said lag-time coating
comprises ethylcellulose and hydroxypropyl
methylcellulose phthalate. 18. A method for the
preparation of a multiparticulate dosage form
comprising: a) preparing IR (immediate-release) beads
comprising one or more basic active pharmaceutical
ingredients or pharmaceutically acceptable salts
thereof; b) applying a barrier coating on said IR
beads, said barrier coating comprising an enteric
polymer or a water-insoluble polymer for a weight gain
of from about 1.5% to 20% by dry weight of the coated
bead; c) applying an outer lag-time coating comprising
a water-insoluble polymer in combination with an
enteric polymer at a ratio of from about 10: 1 to 1:2,
respectively, for a weight gain of from about 30% to
60% by dry weight of the coated bead to form a Timed,
Pulsatile Release (TPR) bead; and d) filling into
gelatin capsules or compressing into conventional
tablets or ODTs (orally disintegrating tablets) one or
more TPR bead populations at appropriate amounts to
achieve target PK (pharmacokinetics) profiles
(suitable for a onceor twice daily dosing regimen) in
patients in need of such active pharmaceutical
ingredients. 19. A method in accordance with claim 18,
wherein said outer lag-time coating is applied from a
solution in a pharmaceutically acceptable solvent
system or from an aqueous dispersion. 20. A method in
accordance with claim 18 wherein said pharmaceutical
dosage form is in the form of a hard gelatin capsule,
a conventional tablet rapidly disintegrating into
coated beads upon entry into the stomach, or an orally
disintegrating tablet rapidly disintegrating in the
oral (buccal) cavity forming easy-to-swallow
suspensions. 21. A method in accordance with claim 18
wherein said pharmaceutical dosage form further
comprises IR beads to provide target PK release
profiles in patients in need of such a treatment.22. A
method comprising orally administering to a patient a
dosage form in accordance with claim 1 containing
therapeutically effective amounts of one or more
active pharmaceutical ingredients. 23. A method
comprising orally administering to a patient a dosage
form in accordance with claim 1 wherein the dosage
form comprises therapeutically effective amounts of IR
and one or more multicoated TPR bead populations of
one or more active pharmaceutical ingredients, each
multicoated TPR bead population exhibiting a lagtime
of at least 5 hours, followed by differing release
characteristics. 


