
CARBONYLAMINO PYRROLOPYRAZOLES. POTENT KINASE
INHIBITORS This application claims the benefit of
United States Provisional Patent Application Nos.
60/753,349 filed December 21, 2005 and 60/864,932
filed November 8, 2006, the disclosures of which are
incorporated herein by reference in their entireties.
Field of the Invention The present invention relates
generally to novel chemical compounds and methods.
More particularly, the invention provides novel
carbonylamino pyrrolopyrazole compounds and their
analogs, having protein kinase activity, and methods
of synthesizing and using such compounds. Background
Protein kinases are a family of enzymes that catalyze
phosphorylation of the hydroxyl groups of specific
tyrosine, serine, or threonine residues in proteins.
Typically, such phosphorylation can dramatically
change the function of the protein and thus protein
kinases can be pivotal in the regulation of a wide
variety of cellular process, including metabolism,
cell proliferation, cell differentiation, and cell
survival. The mechanism of these cellular processes
provides a basis for targeting protein kinases to
treat disease conditions resulting from or involving
disorder of these cellular processes. Examples of such
diseases include, but are not limited to, cancer and
diabetes. Protein kinases can be broken into two
types, protein tyrosine kinases (PTKs) and
serine-threonine kinases (STKs). Both PTKs and STKs
can be receptor protein kinases or non-receptor
protein kinases. PAK is a family of non-receptor STKs.
The p21 -activated protein kinase (PAK) family of
serine/threonine protein kinases plays important roles
in cytoskeletal organization and cellular
morphogenesis (Daniels et al., Trends Biochem. Sci.
24: 350-355 (1999); Sells et al., Trends Cell. Biol.
7: 162-167 (1997)). PAK proteins were initially
identified by their interaction with the active small
GTPases, Cdc42, and Rac, and their homology to yeast
kinase Ste20 (Manser et al., Nature 367: 40-46
(1994)). In addition to mediating the regulation of
actin cytoskeleton and cell adhesion by Cdc42 and Rac
(Daniels et al., Trends Biochem. Sci. 24: 350-355
(1999)), it was determined that some PAK proteins
protect cells from apoptosis (Gnesutta et al., J.
Biol. Chem. 276: 14414-14419 (2001); Rudel et al.,
Science 276: 1571-1574 (1997); Schurmann et al., MoI.
Cell. Biol. 20: 453-461 (2000)); modulate mitogen
activated protein (MAP) kinase pathways (Bagrodia et
al., J. Biol. Chem. 270: 27995-27998 (1995); Brown et
al., Curr. Biol. 6: 598-605 (1996); Chaudhary et al.,
Curr. Biol. 10: 551-554 (2000); Frost et al., EMBO J.
16: 6426-6438 (1997); King et al., Nature 396: 180-183
(1998); Sun et al., Curr. Biol. 10: 281-284 (2000));
mediate T-cell antigen receptor (TCR) signaling
(Yablonski etal., EMBO J. 17: 5647-5657 (1998)); and
respond to DNA damage (Roig et al., J. Biol. Chem.
274: 31119-31 122 (1999)). Through these diverse
functions, PAK proteins regulate cell proliferation
and migration. The full-length PAK4 nucleic acid and
amino acid sequences are disclosed in U.S. Patent No.
6,013,500 and have been deposited in GenBank under
accession numbers AF005046 (mRNA) and AAD01210 (amino
acid). Modulation of human PAK4 activity is reported
to result in alterations in cellular processes
affecting cell growth and adhesion. For example,
overexpression of PAK4 in fibroblasts leads to
morphological changes that are characteristic of
oncogenic transformation through induction of
anchorageindependent growth and inhibition of
apoptosis (Gnesutta et al., J. Biol. Chem. 276:14414-
14419 (2001); Qu et al., MoI. Cell. Biol. 21:
3523-2533 (2001)). More recently, it was also shown
that: PAK4 is frequently overexpressed in human tumor
cell lines of various tissue origins; expression of an
active PAK4 mutant has transforming potential, leading
to anchorage-independent growth of NIH3T3 cell line;
and a kinase-inactive PAK4 efficiently blocks
transformation by activated Ras and inhibits
anchorage-independent growth of HCT1 16 colon cancer
cells. These data strongly implicate PAK4 in oncogenic
transformation and suggest that PAK4 activation is
required for Ras-driven, anchorageindependent growth
of human cancer cells. (Smeal, et al, J. Biol. Chem.
277', 550-558 (2002)) In vivo efficacy in mice with
implanted tumor of a compound that inhibits the PAK4
kinase domain is shown in the current application.
PAK4 therefore appears to us to be an attractive
target for developing therapeutic agents effective for
treating disorders involving abnormal cell growth,
especially cancer. For other background references,
see U.S. Patent Application Publication No.
2003/0171357 and PCT Publication WO02/12242. Summary
In one embodiment, the current invention provides a
compound of formula I, wherein:R1 is ethyl, t-butyl,
R, -L-(C3-C12 cycloalkyl), -L-phenyl, -L-(5-12 member
heteroaryl), -L-(3-12 member heterocyclyl) and
-L-(C3-Ci 2 unsaturated nonaromatic carbocyclyl); each
R2 and R3 is independently H, CrC 8 alkyl, C2-C8
alkenyl, C2-C8 alkynyl, -(C1- C3 alkylene)m-(C3-C12
cycloalkyl) or -(C1-C6 perfluoroalkyl), and each R2
and R3 is optionally further substituted by 1-3 groups
selected from halide, -CN, oxo, -OH, -NH2, C1- C6
monoalkylamino and C2-C8 dialkylamino; or R2 and R3,
together with the carbon atom that R2 and R3 attach
to, form a ring selected from 3-5 member nonaromatic
carbocyclylene and 3-5 member heterocyclylene, and the
said ring is optionally further substituted by 1-3
groups selected from C1-C3 alkyl, C1-C3
perfluoroalkyl, oxo, -(C 1-C3 alkylene)m-halide, -(C
1-C3 alkylene)m-CN, -(C 1-C3 alkylene)m-OH, -(C 1-C3
alkylene)m-NH2, -(C 1-C3 alkylene)m-(Cr C6
monoalkylamino) and -(C 1-C3 alkylene)m-(C2-C8
dialkylamino); R4 is selected from -OR5, -O-R6-R7,
-O-CH(R8)R9, -N(Rt)-R6-R7, -N(R')CH(R8)R9, -
CH(R')-R6-R7, -CH(R t)-CH(R8)-R9, -B-(C 1-C3
alkylene)-CH(R 8)R9 and -B-(C1-C3
alkylene)m-CH(R10)R9, and B is -O-, -N(R )- or
-CH(R*)-; R5 is R; R6 is a divalent radical selected
from -(C3-C7 cycloalkylene)-, -(3 to 7 member
heterocyclylene)- and -(5 to 7 member heteroarylene)-,
provided when R4 is -CH 2-R6-R7 and R7 is
unsubstituted phenyl, R6 is not unsubstitued
thiazolylene; R6 is optionally further substituted by
1-4 groups selected from C1-C3 alkyl, oxo, C1-C3
perfluoroalkyl, -(C1-C3 alkylene)m-halide, -(C1-C3
alkylene^CrCs alkylamino), -(C1-C3 alkylene)m-NH2,
-(C1-C3 alkylene)m-OH and -(C1-C3 alkylene)m-(CrC 3
alkoxy); R7 is selected from phenyl, C10-Ci 2 aryl,
C3-Ci 2 cycloalkyl, C4-Ci 2 unsaturated nonaromatic
carbocyclyl, 3-12 member heterocyclyl and 5-12 member
heteroaryl; R8 is -(CrC 6 alkylene)m-NRpRq, wherein
each Rp and Rq is independently H or C1- C6 alkyl, or
Rp and Rq, together with the nitrogen atom which Rp
and Rq attach to, form a ring selected from 3-7 member
heterocyclyl and 5-7 member heteroaryl, and the said
ring is optionally further substituted by 1-6 groups
selected from halide, C1-C3 alkyl, oxo and Cr C3
perfluoroalkyl; R9 is selected from Cr C6 alkyl, C2-C6
alkenyl, C2-C6 alkynyl, Cr C6 alkoxyl, C1-C6
perfluoroalkyl, phenyl, -(L1)-phenyl, C10-C12 aryl,
-(L1)-(C10-C12 aryl), C3-C12 cycloalkyl, - (L1H C3-C12
cycloalkyl), C4-C12 unsaturated nonaromatic
carbocyclyl, -(L1)-(C4-C12 unsaturated nonaromatic
carbocyclyl), 3-12 member heterocyclyl, -(L1)-(3-12
member heterocyclyl), 5-12 member heteroaryl and
-(L1)-(5-12 member heteroaryl); R10 is selected from
C1-C6 alkyl, C1-C6 perfluoroalkyl, -(C1-C6
alkylene)m-(Ci-C 6 alkoxyl), -(C1-C6
alkylene)m-(CONRjRk) wherein each Rj and Rk is
independently H or C1- C3 alkyl, -(C1-C3
alkylene)m-(C3-C6 cycloalkyl) and -(C1-C3
alkylene)m-(3 to 6 memberheterocyclyl), and R10 is
optionally further substituted by 1-3 groups selected
from halide, - OH, oxo and C1-C3 alkyl, provided that
when R4 is -B-CH(R 10)R9, B is NH or CH2 and R9 is
unsubstituted -CH 3 or unsubstituted phenyl, R10 is
not unsubstituted CH3; each R is independently
selected from the group consisting of methyl,
n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl,
C5-C8 alkyl, C2-C8 alkenyl, C2-C8 alkynyl, -(C1-C3
alkylene)m-(C3-C12 cycloalkyl), -(C1-C3
alkylene)m-phenyl, -(C1-C3 alkylene)m-(5-12 member
heteroaryl), -(C1-C3 alkylene)m-(3-12 member
heterocyclyl), -(C1-C3 alkylene)m- (C3-Ci 2
unsaturated non-aromatic carbocyclyl), -(C1-C6
perfluoroalkyl), -(C1-C3 alkylene)mhalide, -(C1-C3
alkylene)m-CN, -(C1-C3 alkylene)m-C(O)Ra, -(C1-C3
alkylene) m-C(O)ORa, - (C1-C3 alkylene)m-C(O)NRaRb,
-(C1-C3 alkylene)m-ORa, -(C1-C3 alkylene) m-OC(O)Ra,
-(C1- C3 alkylene)m-OC(O)NR aRb, -(C1-C3
alkylene)m-O-S(O)Ra, -(C1-C3 alkylene) m-OS(O)2Ra, -
(C1-C3 alkylene)m-OS(O)2NRaRb, -(C1-C3
alkylene)m-OS(O)NR aRb, -(C1-C3 alkylene)m-NO2,
-(C1-C3 alkylene)m-NRaRb , -(C1-C3
alkylene)m-N(Ra)C(O)Rb, -(C1-C3 alkylene)m-
N(Ra)C(O)ORb, -(C1-C3 alkylene)m-N(Rc)C(O)NRaRb,
-(C1-C3 alkylene) m-N(Ra)S(O)2Rb, - (C1-C3
alkylene)m-N(Ra)S(O)Rb, -(C1-C3 alkylene)m-SRa,
-(C1-C3 alkylene) m-S(O)Ra, -(C1-C3
alkylene)m-S(O)2Ra, -(C1-C3 alkylene)m-S(O)NRaRb,
-(C1-C3 alkylene) m-S(O)2NRaRb, -(C1- 



C3 alkylene)m-O-(Cr C3 alkylene)m-NRaRb and -(C 1-C3
alkylene)m-NRa-(Cr C3 alkylene)- ORb; the said C3-Ci 2
cycloalkyl, the said phenyl, the said 3-12 member
heterocyclyl and the said 5-12 member heteroaryl are
independently optionally further substituted by 1-3
groups selected from -F, C1-C3 alkyl, C1-C3
perfluoroalkyl and oxo; each Ra, Rb and Rc is
independently H, C1-C8 alkyl, C2-C8 alkenyl, -(C1-C3
alkylene)m-(C3-C8 cycloalkyl), -(C1-C3
alkylene)m-(C3-C8 cycloalkenyl), C2-C8 alkynyl, -(C1-
C3 alkylene)m-phenyl, -(C1-C3 alkylene)m-(5-7 member
heteroaryl) or -(C1-C3 alkylene)m-(3- 8 member
heterocyclyl), and each Ra, Rb and Rc is independently
optionally further substituted by 1-3 groups selected
from halide, hydroxyl, -CN, C1-C6 alkyl, C1-C6
perfluoroalkyl, C1-C6 alkoxyl and C1-C6 alkylamino;
or, when connected to the same nitrogen, Ra and Rb may
optionally form a ring selected from-(5-7 member
heteroaryl) and -(3-8 member heterocyclyl), and the
said ring is optionally further substituted by 1-3
groups selected from halide, hydroxyl, -CN, C1-C6
alkyl, C1-C6 perfluoroalkyl, C1-C6 alkoxyl and C1-C6
alkylamino; each R is independently H or C1-C3 alkyl;
each R1, R5, R7 and R9 is independently optionally
further substituted by 1-6 groups selected from oxo
and Rx; each Rx is independently ethyl, t-butyl or R;
each L is independently a divalent radical selected
from -(C 1-C3 alkylene)m-(C3-C7 cycloalkylene)-,
-(C2-C8 alkenylene)-, -(C2-C8 alkynylene)-, -0-(C 1-C3
alkylene)m-, -NH-(C1- C3 alkylene)m-;each L1 is
independently a bivalent radical selected from -(C
1-Cs alkylene)-, -O-, - (C1-C3 alkylene)-O-, -N(R')-
and -(C 1-C3 alkylene)-N(R')-; and each m is
independently 0 or 1; or a pharmaceutically acceptable
salt, solvate or hydrate thereof. In the 1st
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, each R2 and R3 is independently H, C1-C6
alkyl and C3- C5 cycloalkyl, and each R2 and R3 is
independently optionally further substituted. More
particularly, each R2 and R3 is independently
optionally further substituted by 1-3 groups selected
from -F, oxo, Cr C3 alkyl and C1-C3 perfluoroalkyl.
Even more particularly, each R2 and R3 is
independently H, unsubstituted C1-C3 alkyl and
unsubstituted C3-C5 cycloalkyl. Even further more
particularly, R2 is unsubstituted methyl, and R3 is
unsubstituted methyl. In the 2nd particular aspect of
the embodiment, and in combination with any other
particular aspects not inconsistent, R2 and R3,
together with the carbon atom that R2 and R3 attach
to, form a ring selected from C3-C5 cycloalkylene and
3-5 member heterocyclylene, and the said ring is
optionally further substituted. More particularly, the
said ring is optionally further substituted by 1-3
groups selected from -F, oxo, C1-C3 alkyl and C1-C3
perfluoroalkyl. Even more particularly, the said ring
is selected from cyclopropylene, cyclobutylene and
cyclopentylene. Even further more particularly, the
said ring is cyclopropylene. More preferably, the said
ring is unsubstituted cyclopropylene. In the 3rd
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspect one or two,
R1 is selected from -(C1-C3 alkylene)m-phenyl and
-L-phenyl, and R1 is optionally further substituted by
1- 6 groups selected from oxo and Rx. More
particularly, R1 is phenyl optionally substituted by
1-6 groups selected from oxo and Rx. In the 4th
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspect one or two,
R1 is selected from -(C1-C3 alkylene)m-(C3-C12
cycloalkyl) and -L-(C3-C12 cycloalkyl), and R1 is
optionally further substituted by 1-6 groups selected
from oxo and Rx. More particularly, R1 is C3-C12
cycloalkyl optionally further substituted by 1-6
groups selected from oxo and Rx. Even more
particularly, R1 is selected from cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl, and R1 is
optionally further substituted by 1-6 groups selected
from oxo and Rx. In the 5th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspect one or two, R1 is selected from -(C
1-C3 alkylene)m-(5-10 member heteroaryl) and -L-(5-10
member heteroaryl), and R1 is optionally further
substituted by 1-6 groups selected from oxo and Rx.
More particularly, R1 is selected from 5-10 member
heteroaryl optionally further substituted by 1-6
groups selected from oxo and Rx. Even more
particularly, R1 is selected from pyridinyl,
thiophenyl, thiazolyl and imidazolyl, and R1 is
optionally further substituted by 1-6 groups selected
from oxo and Rx. In the 6th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspect one or two, R1 is selected from -(C
1-C3 alkylene)m-(3-10 member heterocyclyl) and
-L-(3-10 member heterocyclyl), and R1 is optionally
further substituted by 1-6 groups selected from oxo
and Rx. More particularly, R1 is 3-10 member
heterocyclyl optionally further substituted by 1-6
groups selected from oxo and Rx. Even more
particularly, R1 is selected from tetrohydrofuranyl,
tetrahydropyranyl and morpholinyl, and R1 is
optionally further substituted by 1-6 groups selected
from oxo and Rx. In the 7th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspect one or two, R1 is selected from -(C
1-C3 alkylene)m-(C3-C12 unsaturated nonaromatic
carbocyclyl) and -L-(C3-Ci 2 unsaturated nonaromatic
carbocyclyl), and R1 is optionally further substituted
by 1-6 groups selected from oxo and Rx. More
particularly, R1 is C3-Ci 2 unsaturated nonaromatic
carbocyclyl optionally further substituted by 1-6
groups selected from oxo and Rx. In the 8th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspect one or two, R1 is selected from
C1-C8 alkyl, C2-C8 alkenyl and C2-C8 alkynyl, and R1
is optionally further substituted by 1-6 groups
selected from oxo and Rx. In the 9th particular aspect
of the embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspect one or two, R1 is selected from
-L-(C 1-C8 alkyl), -L-(C2-C8 alkenyl) and -L-(C 2-C8
alkynyl), and R1 is optionally further substituted by
1-6 groups selected from oxo and Rx. In the 10th
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspect one or two,
R1 is selected from C1-C8 alkyl, -(C1-C3
alkylene)m-phenyl, -(C3-C5 cycloalkylene)-phenyl,
-(C1-C3 alkylene)m-(5-6 member heteroaryl), -(C3-C5
cycloalkylene)-(5-6 member heteroaryl), (C1-C3
alkylene)m-(C3-Cio cycloalkyl), -(C1-C3
alkylene)m-(C5-Ci 0 cycloalkenyl),-(C r C3
alkylene)m-(3-8 member heterocyclyl) and -(C3-C5
cycloalkylene)-(3-8 member heterocyclyl), and R1 is
optionally further substituted by 1-6 groups selected
from oxo and Rx. In the 11th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspect one or two, R1 is selected from Cr
C8 alkyl, phenyl, -(Cr C3 alkylene)-phenyl,
-(cyclopropylene)-phenyl, pyridinyl, - (C1-C3
alkylene)-pyridinyl, -(cyclopropylene)-pyridinyl,
thiophenyl, thiazolyl, imidazolyl, -cyclopropyl,
-cyclobutyl, cyclopentyl, cyclohexyl,
tetrohydrofuranyl, tetrahydropyranyl, morpholinyl, and
R1 is optionally further substituted by 1-6 groups
selected from oxo and Rx. In the 12th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects two to eleven, R1 is optionally
further substituted with 1-6 groups selected from CrC
3 alkyl, Cr C3 perfiuoroalkyl, oxo, -(C 1-C3
alkylene)m-halide, -(C 1-C3 alkylene)m-CN, -(C 1-C3
alkylene)m- OH, -(C 1-C3 alkylene)m-ORd, -(C 1-C3
alkylene)m-NH2, -(C 1-C3 alkylene)m-(Cr C6
monoalkylamino), -(C 1-C3 alkylene)m-(C2-C8
dialkylamino), -(C 1-C3 alkylene)m-CONRdRe, wherein
each Rd and Re is independently H or C1-C3 alkyl. More
particularly, R1 is optionally further substituted by
1-3 groups selected from -F, C1-C3 alkyl, C1-C3
alkoxyl and C1-C3 perfiuoroalkyl. In the 13th
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects two to
twelve, R4 is -OR6- R7. In the 14th particular aspect
of the embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 12, R4 is -N(Rf)R6-R7 wherein
R is H or C1-C3 alkyl. More preferably, R4 is -NH-R
6-R7. In the 15th particular aspect of the embodiment,
and in combination with any other particular aspects
not inconsistent, especially particular aspects 2 to
12, R4 is -CH(R')-R6- R7 wherein R is H or C1-C3
alkyl. More preferably, R4 is -CH 2-R6-R7. 



In the 16th particular aspect of the embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspect 13 to 15,
R6 is -(3-7 member heterocyclylene)-, and R6 is
optionally substituted. More preferably, R6 is
selected from aziridinyl, azitidinyl, pyrrolidinyl and
piperidinyl, and R6 is optionally further substituted.
Even more preferably, R6 is optionally further
substituted by 1-4 groups selected from -F, C1-C3
alkyl, C1-C3 perfiuoroalkyl and oxo. Even further more
preferably, R6 is selected from unsubstituted
aziridinyl, unsubstituted azitidinyl, unsubstituted
pyrrolidinyl and unsubstituted piperidinyl. In the
17th particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 13 to 15,
R6 is selected from -cyclopropylene-, -cyclobutylene-
and -cyclopentylene-, R6 is optionally further
substituted. More particularly, R6 is -cyclopropylene-
optionally further substituted by 1-4 groups selected
from oxo, -F, C1-C3 alkyl and C1-C3 perfiuoroalkyl.
Even more particularly, R6 is unsubstituted
cyclopropylene.In the 18th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects thirteen to seventeen, R7 is
phenyl, and R7 is optionally further substituted. In
the 19th particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 13 to 17,
R7 is 5 member heteroaryl containing 1-3 heteroatoms
selected from N, S and O, and R7 is optionally further
substituted. More particularly, R7 is 5 member
heteroaryl containing 1-2 N heteroatoms, and R7 is
optionally further substituted. In the 20th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 13 to 17, R7 is 6 member heteroaryl
containing 1-3 heteroatoms selected from N, S and O,
and R7 is optionally further substituted. More
particularly, R7 is 6 member heteroaryl containing 1-2
N heteroatoms, and R7 is optionally further
substituted. In the 2 1st particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 18 to 20, R7 is optionally further
substituted by 1-6 groups selected from -F, C1-C3
alkyl, C1-C3 perfluoroalkyl. More preferably, R7 is
optionally further substituted by 1-6 groups selected
from halide and C1- C3 alkyl. In the 22nd particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 2 to 12, R is selected from
-O-CH(R)-R9. In the 23rd particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 12, R4 is -B-(C 1-C3
alkylene)-CH(R8)-R9, wherein B is-O-, -NR - or -CH(R
)- and R is H or C1-C3 alkyl. More preferably, R is H.
In the 24th particular aspect of the embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 12,
R4 is selected from -N(R )CH(R8)R9 and wherein R is H
or C1-C3 alkyl. In the 25th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 12, R4 is selected from -CH(R
t)-CH(R8)-R9, and wherein R is H or C1-C3 alkyl. In
the 26th particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspect 23, 24 or
25, R is H. In the 27th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 22 to 26, R8 is -(C 1-C6
alkylene)m-NRpRq, wherein each Rp and Rq is
independently H or C1-C3 alkyl. More particularly, R8
is selected from -CH 2-N-(CH3)2, -CH2-NH-CH3 and -CH
2-NH2.In the 28th particular aspect of the embodiment,
and in combination with any other particular aspects
not inconsistent, especially particular aspects 22 to
26, R8 is -(C 1-C6 alkylene)m-NRpRq, and wherein Rp
and Rq, together with the nitrogen atom they attach
to, form a ring selected from 3-7 member heterocyclyl
and 5-7 member heteroaryl, the said ring is optionally
further substituted by 1-6 groups selected from
halide, C1-C3 alkyl and Cr C3 perfluoroalkyl. In the
29th particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 22 to 28,
R9 is phenyl, and R9 is optionally further
substituted. In the 30th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 22 to 28, R9 is 6 member heteroaryl
containing 1-2 N heteroatoms, R9 is optionally further
substituted. More preferably, R9 is pyridinyl, and R9
is optionally further substituted. In the 3 1st
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 22 to 28,
R9 is 5 member heteroaryl containing 1-2 N
heteroatoms, and R9 is optionally further substituted.
In the 32nd particular aspect of the embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 22 to 28,
R9 is C5-C7 cycloalkyl, and R9 is optionally further
substituted. In the 33rd particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 22 to 28, R9 is 5-7 member
heterocyclyl containing 1-2 heteroatoms selected from
N, S and O, R9 is optionally further substituted. In
the 34th particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 22 to 33,
R9 is optionally further substituted by 1-6 groups
selected from -(C 1-C3 alkylene)m-halide, -(C 1-C3
alkylene)m-hydroxyl, -(C 1-C3 alkylene)m-CN, C1-C6
alkyl, C1-C6 perfluoroalkyl, -(C 1-C3 alkylene)m-(Cr
C6 alkoxyl), -(C 1-C3 alkylene)m-NH2, and -(C 1-C3
alkylene)m-(Cr C6 alkylamino). More particularly, R9
is optionally further substituted by 1-6 groups
selected from -F, C1-C3 alkyl, C1-C3 perfluoroalkyl,
C1-C3 alkoxyl and oxo. In the 35th particular aspect
of the embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 12 and particular aspects 29
to 34, R4 is -0-(C 1-C3 alkylene)m-CH(R10)R9. More
particularly, R4 is -OCH( R10)R9. Even more
particularly, R10 is selected from C1-C6 alkyl,
-(C1-C6 alkylene)m- (C1-C6 alkoxyl) and -(C 1-C3
alkylene)m-(3-6 member heterocyclyl), and R10 is
optionally further substituted.In the 36th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 1 to 12 and particular aspects 29
to 34, R4 is -NR^(C 1-C3 alkylene)m-CH(R10)R9. More
particularly, R4 is -NR - CH(R10)R9. Even more
particularly, R is H. Even further more particularly,
R10 is selected from C1-C6 alkyl, -(C1-C6
alkylene)m-(CrC 6 alkoxyl) and -(C 1-C3
alkylene)m-(3-6 member heterocyclyl), and R10 is
optionally further substituted. In the 37th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 1 to 12 and particular aspects 29
to 34, R4 is -CHR^(C 1-C3 alkylene)m-CH(R10)R9. More
particularly, R4 is - CHRl-CH(R10 )R9. Even more
particularly, R is H. Even further more particularly,
R10 is selected from C1-C6 alkyl, -(C1-C6
alkylene)m-(Cr C6 alkoxyl) and -(C 1-C3
alkylene)m-(3-6 member heterocyclyi), and R10 is
optionally further substituted. In the 38th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, R2 is
unsubstituted methyl; R3 is unsubstituted methyl; R1
is selected from the group consisting of C1-C8 alkyl,
-(C1-C3 alkylene)m-phenyl, -(C3-C7
cycloalkylene)-phenyl, -(C1-C3 alkyIene^CrC^
cycloalkyl), -(C3-C7 cycloalkylene)-(C3- C12
cycloalkyl), -(C1-C3 alkylene)m-(C3-C12 unsaturated
nonaromatic carbocyclyl), -(C3-C7
cycloalkylene)-(C3-Ci 2 unsaturated nonaromatic
carbocyclyl) -(C 1-C3 alkylene)m-(5-1 0 member
heteroaryl), -(C3-C7 cycloalkylene)-(5-1 0 member
heteroaryl), -(C 1-C3 alkylene)m- (3-1 0 member
heterocyclyl) and -(C3-C7 cycloalkylene)-(3-1 0 member
heterocyclyl), and R1 is optionally further
substituted by 1-6 groups selected from the group
consisting of C1- C3 alkyl, -(C1-C3 alkylene)m-(C3-C5
cycloalkyl), -(C1-C3 alkylene)m-(3-6 member
heterocyclyl optionally further substituted by 1-2
methyl), F, Cl, -CN, C1-C3 perfluoroalkyl, - (C1-C3
alkylene)m-NH2, -(C1-C3 alkylene)m-NH(C1-C4 alkyl),
-(C1-C3 alkylene)m-N(Cr C4 alkyl)(Cr C4 alkyl),
-(C1-C3 alkylene)m-NH-(C3-C5 cycloalkyl) -(C1-C3
alkylene)m-OH, -(C1-C3 alkylene)m-O-(Cr C4 alkyl),
-(C1-C3 alkylene)m-O-(C3-C5 cycloalkyl), -(C1-C3
alkylene)m- C(O)-NH2, -(C1-C3 alkylene)m-C(O)-NH-(Cr
C4 alkyl) and -(C1-C3 alkylene)m-C(O)-N(Cr C4
alkyl)(Cr C4 alkyl). In the 39th particular aspect of
the embodiment, and in combination with any other 



particular aspects not inconsistent, R2 is
unsubstituted methyl; R3 is unsubstituted methyl; R1
is selected from the group consisting of C1-C8 alkyl,
C3-C8 cycloalkyl, phenyl, -(C1-C3 alkylene)-phenyl,
-(cyclopropylene)-phenyl, -pyridinyl, -(C1-C3
alkylene)-pyridinyl, - (cyclopropylene)-pyridinyl,
-pyrimidinyl, -(C1-C3 alkylene)-pyrimidinyl,
-(cyclopropylene)- pyrimidinyl, thiophenyl, -(C1-C3
alkylene)-thiophenyl, -(cyclopropylene)-thiophenyl,
pyrazolyl, -(C1-C3 alkylene)-pyrazolyl,
-(cyclopropylene)-pyrazolyl, tetrahydrofuranyl, -(C1-
C3 alkylene)-tetrahydrofuranyl, -(C1-C3
cyclopropylene)-tetrahydrofuranyl, tetrahydropyranyl,
-(C1-C3 alkylene)-tetrahydropyranyl, -(C1-C3
cyclopropylene)-tetrahydropyranyl, morpholinyl, -(Cr
C3 alkylene)-morpholinyl, -(cyclopropylene)-
morpholinyl, imidazolyl, -(C1-C3 alkylene)-imidazolyl,
-(cyclopropylene)-imidazolyl, thiazolyl, -(C1-C3
alkylene)-thiazolyl, -(cyclopropylene)-thiazolyl,
isothiazolyl, -(C1-C3 alkylene)-isothiazolyl,
-(cyclopropylene)-isothiazolyl, oxazolyl, -(C1-C3
alkylene)-oxazolyl, - (cyclopropylene)-oxazolyl,
isoxazolyl, -(C1-C3 alkylene)-isoxazolyl,
-(cyclopropylene)- isoxazolyl, benzothiophenyl,
-(C1-C3 alkylene)-benzothiophenyl, -(cyclopropylene)-
benzothiophenyl, benzothiazolyl, -(C1-C3
alkylene)-benzothiazolyl, -(cyclopropylene)-
benzothiazolyl, dihydrobenzofuranyl, -(C1-C3
alkylene)-dihydrobenzofuranyl,
(cyclopropylene)-dihydrobenzofuranyl, pyrazinyl,
-(C1-C3 alkylene)-pyrazinyl and -
(cyclopropylene)-pyrazinyl, wherein R1 is optionally
further substituted by 1-3 groups selected from F, Cl,
C1-C3 alkyl, C1-C3 perfluoroalkyl and C1-C3 alkoxyl.
In the 40th particular aspect of this embodiment, and
in combination of any other particular aspects not
inconsistent, R2 and R3 forms a unsubstituted
cyclopropylene group. In another embodiment, the
current invention provides a compound of formula II,
Il wherein: B is -O-, -NR'- or -CHR'-, wherein R' is H
or C1-C3 alkyl; R1 is selected from C1-C8 alkyl,
-(C1-C3 alkylene)m-phenyl, -(C3-C5 cycloalkylene)-
phenyl, -(C1-C3 aIkylene)m-(C3-Cio cycloalkyl),
-(C1-C3 alkylene)m-(C5-C10 cycloalkenyl), - (C1-C3
alkylene)m-(3-10 member heterocyclyl), -(C3-C5
cycloalkylene)-(3-10 member heterocyclyl), -(C1-C3
alkylene)m-(5-12 member heteroaryl) and -(C 3-C5
cycloalkylene)-(5- 12 member heteroaryl), and R1 is
optionally further substituted by 1-6 groups selected
from -(Ci-C 3 alkylene)m-halide, -(C 1-C3
alkylene)m-hydroxyl, -(C 1-C3 alkylene)m-CN, C1- C6
alkyl, C1-C6 perfluoroalkyl, -(C 1-C3 alkylene)m-(Cr
C6 alkoxyl), -(C 1-C3 alkylene)m-NH2, -(C 1-C3
alkylene)m-(Cr C6 alkylamino), -(C 1-C3
alkylene)m-(C3-C5 cycloalkyl) and -(C 1-C3
alkylene)m-(3-5 member heterocyclyl), and the said
C3-C5 cycloalkyl and the said 3-5 member heterocyclyl
is optionally further substituted by 1-3 group
selected from -F, C1-C3 alkyl, C1-C3 perfluoroalkyl
and oxo; each R2 and R3 is independently C1-C3 alkyl,
or R2 and R3, together with the carbon atom that R2
and R3 attach to, form a C3-C4 cycloalkylene;R6 is a
divalent radical selected from cyclopropylene,
cyclobutylene, cyclopentylene and -(3-6 member
heterocyclylene)-, R6 is optionally further
substituted by 1-6 groups selected from halide, C1-C3
alkyl, oxo and C1-C3 perfluoroalkyl; R7 is selected
from phenyl, 5 member heteroaryl , pyridinyl, 6 member
heteroaryl containing 2-3 heteroatoms selected from N,
S and O, 7-10 member heteroaryl and 3-12 member
heterocyclyl, R7 is optionally further substituted by
1-6 groups selected from halide, -C1-C3
perfluoroalkyl, C1-C3 alkyl, C1-C3 alkoxy, C1-C3
alkylamino, -OH, -NH2 and - CN; each m is
independently 0 or 1; or a pharmaceutically acceptable
salt, solvate or hydrate thereof. In the 1st
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, B is -O-. In the 2nd particular aspect
of the embodiment, and in combination with any other
particular aspects not inconsistent, B is -NR*-. More
particularly, R is H. Also more particularly, R is
C1-C3 alkyl. In the 3rd particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, B is -CHR'-. More
particularly, R is H. Also more particularly, R is
C1-C3 alkyl. In the 4th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 3, R2 is methyl, and R3 is
methyl. In the 5th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 4, R1 is C1-C8 alkyl, and R1
is optionally further substituted. In the 6th
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 4, R1
is phenyl, and R1 is optionally further substituted.
In the 7th particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 4, R1
is -(C 1-C3 alkylene)-phenyl, and R1 is optionally
further substituted. In the 8th particular aspect of
the embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 4, wherein R1 is -(C 3- C5
cycloalkylene)-phenyl, and R1 is optionally further
substituted. In the 9th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 4, R1 is 5-10 member
heteroaryl, and R1 is optionally further substituted.
More particularly, the 5-10 memberheteroaryl is
selected from pyridinyl, thiophenyl, thiazolyl and
imidazolyl, and R1 is optionally further substituted.
In the 10th particular aspect of the embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 4, R1
is -(C1-C3 alkylene)-(5-10 member heteroaryl), and R1
is optionally further substituted. More particularly,
the 5-10 member heteroaryl is selected from pyridinyl,
thiophenyl, thiazolyl and imidazolyl, and R1 is
optionally further substituted. In the 11th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 2 to 4, R1 is -(C3-C5
cycloalkylene)-(5-10 member heteroaryl), and R1 is
optionally further substituted. More particularly, the
5-10 member heteroaryl is selected from pyridinyl,
thiophenyl, thiazolyl and imidazolyl, and R1 is
optionally further substituted. In the 12th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 2 to 4, R1 is -(C1-C3 alkylene)-(C
3-C-io cycloalkyl), and R1 is optionally further
substituted. More particularly, the C3-C-I0 cycloalkyl
is selected from cyclopropyl, cyclobutyl, cyclopentyl
and cyclohexyl, and R1 is optionally further
substituted. In the 13th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 4, R1 is C3-C10 cycloalkyl,
and R1 is optionally further substituted. More
particularly, the C3-C10 cycloalkyl is selected from
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl,
and R1 is optionally further substituted. In the 14th
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 4, R1
is -(C1-C3 alkylene)-(C 5-Cio cycloalkenyl), and R1 is
optionally further substituted. In the 15th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 2 to 4, R1 is C5-C10 cycloalkenyl,
and R1 is optionally further substituted. In the 16th
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 4, R1
is -(C1-C alkylene)-(3-10 member heterocyclyl), and R1
is optionally further substituted. More particularly,
the 3-10 member heterocyclyl is selected from
tetrohydrofuranyl, tetrahydropyranyl and morpholinyl,
and R1 is optionally further substituted. In the 17th
particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 4, R1
is -(C3-C5 cycloalkylene)-(3-10 member heterocyclyl),
and R1 is optionally further substituted.
Moreparticularly, the 3-10 member heterocyclyl is
selected from tetrohydrofuranyl, tetrahydropyranyl and
morpholinyl, and R1 is optionally further substituted.
In the 18th particular aspect of the embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 4, R1
is 3-10 member heterocyclyl, and R1 is optionally
further substituted. More particularly, the 3-10
member heterocyclyl is selected from
tetrohydrofuranyl, tetrahydropyranyl and morpholinyl,
and R1 is optionally further substituted. 



In the 19th particular aspect of the embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 18,
R1 is optionally further substituted by 1-6 groups
selected from halide, C1-C3 alkyl, C1-C3
perfluoroalkyl, - OH, C1-C3 alkoxy, -NH2, C1-C3
alkylamino and CN. In the 20th particular aspect of
the embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 19, R6 is cyclopropylene
optionally further substituted. More preferably, R6 is
unsubstituted cyclopropylene. In the 2 1st particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 2 to 19, R6 is cyclobutylene
optionally substituted. More preferably, R6 is
unsubstituted cyclobutylene. In the 22nd particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 2 to 19, R6 is -(3-6 member
heterocyclylene)-, and R6 is optionally substituted.
More preferably, R6 is selected from aziridinyl,
azitidinyl, pyrrolidinyl and piperidinyl, and R6 is
optionally further substituted. Even more preferably,
R6 is optionally further substituted by 1-4 groups
selected from -F, C1-C3 alkyl and oxo. Even further
more preferably, R6 is selected from unsubstituted
aziridinyl, unsubstituted azitidinyl, unsubstituted
pyrrolidinyl and unsubstituted piperidinyl. In the
23rd particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 19,
R6 is cyclopentylene, and R6 is optionally
substituted. More preferably, R6 is unsubstituted
cyclopentylene. In the 24th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 23, R7 is phenyl, and R7 is
optionally substituted. More particularly, R7 is
optionally further substituted by 1-6 groups selected
from halide, C1-C3 alkyl and C1-C3 perfluoroalkyl. In
the 25th particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 2 to 23,
R7 is pyridinyl,and R7 is optionally substituted. More
particularly, R7 is optionally further substituted by
1- 6 groups selected from halide, C1-C3 alkyl and
C1-C3 perfluoroalkyl. In the 26th particular aspect of
the embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 23, R7 is 5 member heteroaryl,
and R7 is optionally further substituted. More
particularly, R7 is optionally further substituted by
1-6 groups selected from halide, C1-C3 alkyl and C1-C3
perfluoroalkyl. In the 27th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 23, R7 is 6 member heteroaryl
containing 2-3 heteroatoms selected from N, S and O,
and R7 is optionally further substituted. More
particularly, R7 is optionally further substituted by
1-6 groups selected from halide, C1-C3 alkyl and C1-C3
perfluoroalkyl. In the 28th particular aspect of the
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 2 to 23, R7 is 7-10 member
heteroaryl, and R7 is optionally further substituted.
More particularly, R7 is optionally further
substituted by 1-6 groups selected from halide, C1-C3
alkyl and C1-C3 perfluoroalkyl In the 29th particular
aspect of the embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 2 to 23, R7 is 3-12 member
heterocyclyl, and R7 is optionally further
substituted. More particularly, R7 is optionally
further substituted by 1-6 groups selected from
halide, C1-C3 alkyl and C1-C3 perfluoroalkyl. In the
30th particular aspect of the embodiment, and in
combination with any other particular aspects not
inconsistent, R2 is methyl; R3 is methyl; B is -O-,
-NH- Or-CH 2-; R1 is selected from the group
consisting of C1-C8 alkyl, phenyl, -(C1-C3
alkylene)-phenyl, - (cyclopropylene)-phenyl, C3-C10
cycloalkyl, -(C1-C3 alkylene)-(C 3-C10 cycloalkyl),
3-10 member heterocyclyl, -(C1-C3 aIkylene)-(3-10
member heterocyclyl), -(cyclopropylene)-(3- 10 member
heterocyclyl), 5-12 member heteroaryl, -(C1-C3
alkylene)-(5-12 member heteroaryl) and
-(cyclopropylene)-(5-12 member heteroaryl), and R1 is
optionally further substituted by 1-6 groups selected
from F, Cl, hydroxyl, CN, C1-C6 alkyl, Cr C6
perfluoroalkyl and -(C 1-C3 alkylene)m-(Ci-C 6
alkoxyl). Preferably, R6 is unsubstituted
cyclopropylene or cyclopropylene substituted by 1-3
groups selected from F, Cl, C1-C3 alkyl and C1-C3
perfluoalkyl. Also preferably, R7 is selected from the
group consisting of phenyl, 5-6 member heteroaryl and
4-7 member heterocyclyl, and R7 is optionally further
substituted by 1-3 groups selected from F, Cl, C1-C3
alkyl, C1-C3 perfluoalkyl and C1-C3 alkoxyl.In the 3
1st particular aspect of this embodiment, and in
combination of any other particular aspects not
inconsistent, R2 and R3 forms a unsubstituted
cyclopropylene group. In another embodiment, the
currently invention provides a compound of formula III
wherein: B is -O-, -NR - or -CHR - , wherein R is H or
C1-C3 alkyl; R1 is selected from C1-C8 alkyl, -(C1-C3
alkylene)m-phenyl, -(C3-C5 cycloalkylene)- phenyl,
-(C1-C3 aIkylene)m-(C3-Ci 0 cycloalkyl), -(C1-C3
alkylene)m-(C5-C10 cycloalkenyl), - (C1-C3
alkylene)m-(3-10 member heterocyclyl), -(C3-C5
cycloalkylene)-(3-1 0 member heterocyclyl), -(C1-C3
alkylene)m-(5-12 member heteroaryl) and -(C 3-C5
cycloalkylene)-(5- 12 member heteroaryl), and R1 is
optionally further substituted by 1-6 groups selected
from -(C 1-C3 alkylene)m-halide, -(C 1-C3
alkylene)m-hydroxyl, -(C 1-C3 alkylene)m~CN, C1- C6
alkyl, C1-C6 perfluoroalkyl, -(C 1-C3 alkoxyl), -(C
1-C3 alkylene)m-NH2, -(C 1-C3 alkylene)m-(Cr C6
alkylamino), -(C 1-C3 alkylene)m-(C3-C5 cycloalkyl)
and -(C 1-C3 alkylene) m-(3-5 member heterocyclyl),
and the said C3-C5 cycloalkyl and the said 3-5 member
heterocyclyl is optionally further substituted by 1-3
group selected from -F, C1-C3 alkyl, C1-C3
perfluoroalkyl and oxo; each R2 and R3 is
independently C1-C3 alkyl, or R2 and R3, together with
the carbon atom that R2 and R3 attach to, form a C3-C4
cycloalkylene; R8 is -(C 1-C6 alkylene)m-NRpRq,
wherein each Rp and Rq is independently H, C1- C3
alkyl, or Rp and Rq, together with the nitrogen atom
they attach to, form a ring selected from 3-7 member
heterocyclyl and 5-7 member heteroaryl, the said ring
is optionally further substituted by 1-6 groups
selected from halide, C1-C3 alkyl and C1-C3
perfluoroalkyl; R9 is selected from C1-C6 alkyl, C1-C6
perfluoroalkyl, phenyl, -(C1-C3 alkylene)- phenyl, Ci
0-C12 aryl, C3-C12 cycloalkyl, -(C1-C3 alkylene)-(C
3-C12 cycloalkyl), C4-C12 unsaturated nonaromatic
carbocyclyl, -(C1-C3 alkylene)-(C4-C12 unsaturated
nonaromatic carbocyclyl), 3-12 member heterocyclyl,
-(C1-C3 alkylene)-(3-12 member heterocyclyl), 5 - 12
member heteroaryl and -(C1-C3 alkylene)-(5 to 12
member heteroaryl), and each R9 is independently
optionally further substituted by 1-6 groups selected
from halide, C1-C6alkyl, C1-C6 perfluoroalkyl, -OH,
C1-C6 alkoxy, -(C1-C6 alkylene)-(C r C6 alkoxy) -NH2,
-(C1- C6 alkylene)-NH 2, -(C1-C6 alkylene)-(Cr C6
alkylamino) and C1-C6 alkylamino and CN; and each m is
independently 0 or 1; or a pharmaceutically acceptable
salt, solvate or hydrate thereof. In the 1st
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, B is -O-. In the 2nd particular aspect
of this embodiment, and in combination with any other
particular aspects not inconsistent, B is -NR -. More
particularly, R is H. Also more particularly, R is
C1-C3 alkyl. In the 3rd particular aspect of this
embodiment, and in combination with any other
particular aspects not inconsistent, B is -CHR*-. More
particularly, R is H. Also more particularly, R is
C1-C3 alkyl. In the 4th particular aspect of this
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 3, R2 is methyl, and R3 is
methyl. In the 5th particular aspect of this
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 4, R1 is C1-C8 alkyl, and R1
is optionally further substituted. In the 6th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 4, R1
is phenyl, and R1 is optionally further substituted. 



In the 7th particular aspect of this embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 4, R1
is -(C -C3 alkylene)-phenyl, and R1 is optionally
further substituted. In the 8th particular aspect of
this embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 4, R1 is -(C 3-C5
cycloalkylene)-phenyl, and R1 is optionally further
substituted. In the 9th particular aspect of this
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 4, R1 is 5-10 member
heteroaryl, and R1 is optionally further substituted.
More particularly, the 5-10 member heteroaryl is
selected from pyridinyl, thiophenyl, thiazolyl and
imidazolyl, and R1 is optionally further substituted.
In the 10th particular aspect of this embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 4, R1
is -(C1-C3 alkylene)-(5-10 member heteroaryl), and R1
is optionally further substituted. More particularly,
the 5-10 member heteroaryl is selected from pyridinyl,
thiophenyl, thiazolyl and imidazolyl, and R1 is
optionally further substituted.In the 11th particular
aspect of this embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 1 to 4, R1 is -(C3-C5
cycloalkylene)-(5-10 member heteroaryl), and R1 is
optionally further substituted. More particularly, the
5-10 member heteroaryl is selected from pyridinyl,
thiophenyl, thiazolyl and imidazolyl, and R1 is
optionally further substituted. In the 12th particular
aspect of this embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 1 to 4, R1 is -(C1-C3
alkylene)-(C3-C-iocycloalkyl), and R1 is optionally
further substituted. More particularly, the C3-C10
cycloalkyl is selected from cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl, and R1 is optionally
further substituted. In the 13th particular aspect of
this embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 4, R1 is C3-C10 cycloalkyl,
and R1 is optionally further substituted. More
particularly, the C3-C10 cycloalkyl is selected from
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl,
and R1 is optionally further substituted. In the 14th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 4, R1
is -(C1-C3 alkylene)-(C5-Ci 0 cycloalkenyl), and R1 is
optionally further substituted. In the 15th particular
aspect of this embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 1 to 4, R1 is C5-Ci 0 cycloalkenyl,
and R1 is optionally further substituted. In the 16th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 4, R1
is -(C1-C3 alkylene)-(3-10 member heterocyclyl), and
R1 is optionally further substituted. More
particularly, the 3-10 member heterocyclyl is selected
from tetrohydrofuranyl, tetrahydropyranyl and
morpholinyl, and R1 is optionally further substituted.
In the 17th particular aspect of this embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 4, R1
is -(C3-C5 cycloalkylene)-(3-10 member heterocyclyl),
and R1 is optionally further substituted. More
particularly, the 3-10 member heterocyclyl is selected
from tetrohydrofuranyl, tetrahydropyranyl and
morpholinyl, and R1 is optionally further substituted.
In the 18th particular aspect of this embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 4, R1
is 3-10 member heterocyclyl, and R1 is optionally
further substituted. More particularly, the 3-10
member heterocyclyl is selected from
tetrohydrofuranyl, tetrahydropyranyl and morpholinyl,
and R1 is optionally further substituted.In the 19th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 5 to 18,
R1 is optionally further substituted by 1-6 groups
selected from halide, Ci-C 3 alkyl, C1-C3
perfluoroalkyl, -OH, C1-C3 alkoxy, -NH2, C1-C3
alkylamino and CN. In the 20th particular aspect of
this embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 19, R8 is -(C 1-C6
alkylene)m-NRpRq, wherein each Rp and Rq is
independently H, C1-C3 alkyl. More particularly, R8 is
selected from -CH 2-N-(CH3)2, -CH2-NH-CH3 and -CH
2-NH2. In the 2 1st particular aspect of this
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 19, R8 is -(C 1-C6
alkylene)m-NRpRq, and Rp and Rq, together with the
nitrogen atom they attach to, form a 3- 7 member
heterocyclyl, the said 3-7 member heterocyclyl is
optionally further substituted by 1-6 groups selected
from halide, C1-C3 alkyl and C1-C3 perfluoroalkyl. In
the 22nd particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 19,
R8 is -(C 1-C6 alkylene)m-NRpRq, and Rp and Rq,
together with the nitrogen atom they attach to, form a
5- 7 member heteroaryl, the said 5-7 member heteroaryl
is optionally further substituted by 1- 6 groups
selected from halide, C1-C3 alkyl and C1-C3
perfluoroalkyl. In the 23rd particular aspect of this
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 22, R9 is phenyl, and R9 is
optionally further substituted. In the 24th particular
aspect of this embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 1 to 22, R9 is 6 member heteroaryl
containing 1-2 N heteroatoms, and R9 is optionally
further substituted. More preferably, R9 is pyridinyl,
and R9 is optionally further substituted. In the 25th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 22,
R9 is 5 member heteroaryl containing 1-2 N
heteroatoms, and R9 is optionally further substituted.
In the 26th particular aspect of this embodiment, and
in combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 22;
R9 is C5-C7 cycloalkyl, R9 is optionally further
substituted. More preferably, R9 is cyclohexyl, and R9
is optionally further substituted. In the 27th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 22,
R9 is 5-7 member heterocyclyl containing 1-2
heteroatoms selected from N, S and O, R9 is optionally
further substituted.In the 28th particular aspect of
this embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 22, R9 is -(C1-C3
alkylene)-phenyl, and R9 is optionally further
substituted. More preferably, R9 is -CH 2- phenyl, and
R9 is optionally further substituted. In the 29th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 22,
R9 is -(C 1-C3 alkylene)-(5 to 12 member heteroaryl),
and R9 is optionally further substituted. In the 30th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 22,
R9 is -(C 1-C3 alkylene)-(C 3-C-i2 cycloalkyl), and R9
is optionally further substituted. In the 3 1st
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 22,
R9 is selected from C1-C6 alkyl, C1-C6 perfluoroalkyl
and C1-C6 alkoxyl, and R9 is optionally further
substituted. In the 32nd particular aspect of this
embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 22, R9 is -(C 1-C3
alkylene)-(3 to 12 member heterocyclyl), and R9 is
optionally further substituted. In the 33rd particular
aspect of this embodiment, and in combination with any
other particular aspects not inconsistent, especially
particular aspects 23 to 32, R9 is optionally further
substituted by 1-6 groups selected from halide,
hydroxy], -CN, C1-C6 alkyl, C1-C6 perfluoroalkyl,
C1-C6 alkoxyl and C1-C6 alkylamino. In the 34th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, especially particular aspects 1 to 33,
the compound is of the stereochemistry of the compound
for formula Ilia: The In the 35 particular aspect of
this embodiment, and in combination with any other
particular aspects not inconsistent, especially
particular aspects 1 to 33, the compound has an
enantiomeric enrichment of the enantiomeric isomer of
formula Ilia of higher than 80%. Preferably, the
compound has an enantiomeric enrichment of the 



enantiomeric isomer of formula Ilia of higher than
90%. Even more preferably, thecompound has an
enantiomeric enrichment of the enantiomeric isomer of
formula Ilia of higher than 95%. The In the 36th
particular aspect of this embodiment, and in
combination with any other particular aspects not
inconsistent, R2 is methyl; R3 is methyl; B is -O-,
-NH- or - CH2- ; R1 is selected from the group
consisting of CrC 8 alkyl, phenyl, -(C1-C3 alkylene)-
phenyl, -(cyclopropylene)-phenyl, C3-C10 cycloalkyl,
-(C1-C3 alkylene)-(C3-C10 cycloalkyl), 3-10 member
heterocyclyl, -(C1-C3 alkylene)-(3-10 member
heterocyclyl), - (cyclopropylene)-(3-10 member
heterocyclyl), 5-12 member heteroaryl, -(C1-C3
alkylene)- (5-12 member heteroaryl) and
-(cyclopropylene)-(5-12 member heteroaryl), and R1 is
optionally further substituted by 1-6 groups selected
from F, Cl, hydroxyl, CN, C1-C6 alkyl, C1-C6
perfluoroalkyl and -(C 1-C3 alkylene)m-(Cr C6
alkoxyl). Preferably, R8 is -(C 1-C6 alkylene)m-NRpRq,
wherein each Rp and Rq is independently H or C1-C3
alkyl. Ever more preferably, R8 is selected from -CH
2-N-(CH3)2, -CH2-NH-CH3 and -CH 2-NH2. Also
preferably, R8 is -(C 1-C6 alkylene)m-NRpRq, and Rp
and Rq, together with the nitrogen atom they attach
to, form a 3-7 member heterocyclyl, the said 3-7
member heterocyclyl is optionally further substituted
by 1-6 groups selected from halide, C1-C3 alkyl and
C1-C3 perfluoroalkyl. Also preferably, R9 is selected
from the group consisting of C1-C8 alkyl, phenyl,
-(C1-C3 alkylene)-phenyl, 5-6 member heteroaryl and
3-7 member cycloalkyl, and R9 is optionally further
substituted with 1-6 groups selected from F, Cl, C1-C6
alkyl, C1-C6 perfluoroalkyl, -OH, C1-C6 alkoxy,
-(C1-C6 alkylene)-(C r C6 alkoxy) and CN. In the 37th
particular aspect of this embodiment, and in
combination of any other particular aspects not
inconsistent, R2 and R3 forms a unsubstituted
cyclopropylene group. In another embodiment, the
current invention provides a compound selected from
the group consisting Ofor a pharmaceutically
acceptable salt thereof. In another embodiment, the
current invention provides a compound selected from
the group consisting ofor a pharmaceutically
acceptable salt thereof. In another embodiment, the
current invention provides a compound selected from
the group consisting ofor a pharmaceutically
acceptable salt thereof. In another embodiment, the
current invention provides a compound selected from
the group consisting of andor a pharmaceutically
acceptable salt thereof. In another embodiment, the
current invention provides a method to treat abnormal
cell growth in a mammal, comprising administering to
the mammal the compound the current invention. More
particularly, the abnormal cell growth is cancer. In
yet another embodiment, the current invention provides
a pharmaceutical composition comprising a compound of
the invention. In yet another embodiment, the current
invention provides a pharmaceutical composition
comprising a compound of the invention and a
pharmaceutically acceptable carrier. In yet another
embodiment, the current invention provides a method of
treating a mammalian disease condition mediated by
protein kinase activity, comprising administering to a
mammal a therapeutically acceptable amount of a
compound, salt, hydrate or solvate of the invention.
In one aspect of this embodiment, mammalian disease
condition is tumor growth or abnormal cell
proliferation. In yet another embodiment, the current
invention provides a method of modulating the activity
of a protein kinase, comprising contacting the protein
kinase with an effective amount of a compound, or
pharmaceutically acceptable salt, solvate of any of
the invention. In one aspect of this embodiment, the
protein kinase is a PAK4 protein kinase. In some
embodiments, the present teachings provide
pharmaceutical compositions comprising any of the
compounds described herein and a pharmaceutically
acceptable carrier. Examples of such compositions are
described below. In some embodiments, the present
teachings provide a method of treating abnormal cell
growth in a mammal, including a human, the method
comprising administering to the mammal any of compound
or pharmaceutical composition of the present
teachings. In some embodiments, the abnormal cell
growth is cancer, including, but not limited to, lung
cancer, bone cancer, pancreatic cancer, skin cancer,
cancer of the head or neck, cutaneous or intraocular
melanoma, uterine cancer, ovarian cancer, rectal
cancer, cancer of the anal region, stomach cancer,
colon cancer, breast cancer, uterine cancer, carcinoma
of the fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, prostate cancer, chronic or acute
leukemia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis, neoplasms of
the central nervous system (CNS), primary CNS
lymphoma, spinal axis tumors, brain stem glioma,
pituitary adenoma, or a combination of one or more of
the foregoing cancers. In someembodiments, said
abnormal cell growth is a benign proliferative
disease, including, but not limited to, psoriasis,
benign prostatic hypertrophy or restinosis. In some
embodiments, the method further comprises
administering to the mammal an amount of one or more
substances selected from anti-tumor agents,
antiangiogenesis agents, signal transduction
inhibitors, and antiproliferative agents, which
amounts are together effective in treating said
abnormal cell growth. Such substances include those
disclosed in PCT Publication Nos. WO 00/38715, WO
00/38716, WO 00/38717, WO 00/38718, WO 00/38719, WO
00/38730, WO 00/38665, WO 00/37107 and WO 00/38786,
the disclosures of which are incorporated herein by
reference in their entireties. Examples of anti-tumor
agents include mitotic inhibitors, for example vinca
alkaloid derivatives such as vinblastine vinorelbine,
vindescine and vincristine; colchines allochochine,
halichondrine, N-benzoyltrimethyl-methyl ether
colchicinic acid, dolastatin 10, maystansine,
rhizoxine, taxanes such as taxol (paclitaxel),
docetaxel (Taxotere), 2'-N-[3-
(dimethylamino)propyl]glutaramate (taxol derivative),
thiocholchicine, trityl cysteine, teniposide,
methotrexate, azathioprine, fluorouricil, cytocine
arabinoside, 2'2'- difluorodeoxycytidine
(gemcitabine), adriamycin and mitamycin. Alkylating
agents, for example cis-platin, carboplatin oxiplatin,
iproplatin, Ethyl ester of
N-acetyl-DL-sarcosyl-Lleucine (Asaley or Asalex),
1,4-cyciohexadiene-1 ,4-dicarbamic acid, 2,5 -bis(1
-azirdinyl)- 3,6-dioxo-, diethyl ester (diaziquone),
1,4-bis(methanesulfonyloxy)butane (bisulfan or
leucosulfan) chlorozotocin, clomesone,
cyanomorpholinodoxorubicin, cyclodisone,
dianhydroglactitol, fluorodopan, hepsulfam, mitomycin
C, hycantheonemitomycin C, mitozolamide,
1-(2-chloroethyl)-4-(3-chloropropyl)-piperazine
dihydrochloride, piperazinedione, pipobroman,
porfiromycin, spirohydantoin mustard, teroxirone,
tetraplatin, thiotepa, triethylenemelamine, uracil
nitrogen mustard, bis(3-mesyloxypropyl)amine
hydrochloride, mitomycin, nitrosoureas agents such as
cyclohexyl-chloroethylnitrosourea,
methylcyclohexyl-chloroethylnitrosourea
1-(2-chloroethyl)-3-(2,6-dioxo-3-piperidyl)-1 -nitroso
urea, bis(2-chloroethyl)nitrosourea, procarbazine,
dacarbazine, nitrogen mustard-related compounds such
as mechloroethamine, cyclophosphamide, ifosamide,
melphalan, chlorambucil, estramustine sodium
phosphate, strptozoin, and temozolamide. DNA anti
metabolites, for example 5-fluorouracil, cytosine
arabinoside, hydroxyurea, 2-[(3hydroxy-2-
pyrinodinyl)methylene]-hydrazinecarbothioamide,
deoxyfluorouridine, 5-hydroxy-2- formylpyridine
thiosemicarbazone, alpha-2'-deoxy-6-thioguanosine,
aphidicolin glycinate, 5- azadeoxycytidine,
beta-thioguanine deoxyriboside, cyclocytidine,
guanazole, inosine glycodialdehyde, macbecin II,
pyrazolimidazole, cladribine, pentostatin,
thioguanine, mercaptopurine, bleomycin,
2-chlorodeoxyadenosine, inhibitors of thymidylate
synthase such as raltitrexed and pemetrexed disodium,
clofarabine, floxuridine and fludarabine.DNA/RNA
antimetabolites, for example, L-alanosine,
5-azacytidine, acivicin, aminopterin and derivatives
thereof such as
N-[2-chloro-5-[[(2,4-diamino-5-methyl-6-quinazolinyl)-
methyl]amino]benzoyl]-L-aspartic acid,
N-[4-[[(2,4-diamino-5-ethyl-6-
quinazolinyl)methyI]amino]-benzoyl]-L-aspartic acid,
N-[2-chloro-4-[[(2,4-
diaminopteridinyl)methyl]amino]benzoyl]-L-aspartic
acid, soluble Baker's antifol, dichloroallyl lawsone,
brequinar, ftoraf, dihydro-5-azacytidine,
methotrexate, N-(phosphonoacetyl)-Laspartic acid
tetrasodium salt, pyrazofuran, trimetrexate,
plicamycin, actinomycin D, cryptophycin, and analogs
such as cryptophycin-52 or, for example, 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)-NJ-methyl
amino]-2-thenoyl)-L-glutamic acid; growth factor
inhibitors; cell cycle inhibitors; intercalating
antibiotics, for example adriamycin 



and bleomycin; proteins, for example interferon; and
anti-hormones, for example antiestrogens such as
Nolvadex(tm) (tamoxifen) or, for example
anti-androgens such as Casodex(tm)
(4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-meth
yl-3'- (trifluoromethyl)propionanilide). Such conjoint
treatment may be achieved by way of the simultaneous,
sequential or separate dosing of the individual
components of the treatment. Anti-angiogenesis agents
include MMP-2 (matrix-metalloprotienase 2) inhibitors,
MMP-9 (matrix-metalloprotienase 9) inhibitors, and
COX-II (cyclooxygenase II) inhibitors. Examples of
useful COX-II inhibitors include CELEBREX(tm)
(alecoxib), valdecoxib, and rofecoxib. Examples of
useful matrix metalloproteinase inhibitors are
described in WO 96/33172 (published October 24, 1996),
WO 96/27583 (published March 7, 1996), European Patent
Application No. 97304971.1 (filed July 8, 1997),
European Patent Application No. 99308617.2 (filed
October 29, 1999), WO 98/07697 (published February 26,
1998), WO 98/03516 (published January 29, 1998), WO
98/34918 (published August 13, 1998), WO 98/34915
(published August 13, 1998), WO 98/33768 (published
August 6, 1998), WO 98/30566 (published July 16,
1998), European Patent Publication 606,046 (published
July 13, 1994), European Patent Publication 931,788
(published July 28, 1999), WO 90/05719 (published May
331, 1990), WO 99/52910 (published October 21, 1999),
WO 99/52889 (published October 21, 1999), WO 99/29667
(published June 17, 1999), PCT International
Application No. PCT/IB98/01113 (filed July 21, 1998),
European Patent Application No. 99302232.1 (filed
March 25, 1999), Great Britain patent application
number 9912961.1 (filed June 3, 1999), United States
Provisional Application No. 60/148,464 (filed August
12, 1999), United States Patent 5,863,949 (issued
January 26, 1999), United States Patent 5,861,510
(issued January 19, 1999), and European Patent
Publication 780,386 (published June 25, 1997), all of
which are herein incorporated by reference in their
entirety. Preferred MMP-2 and MMP-9 inhibitors are
those that have little or no activity inhibiting
MMP-1. More preferred, are those that selectively
inhibit MMP-2 and/or MMP-9 relative to the other
matrixmetalloproteinases (i.e. MMP-1, MMP-3, MMP-4,
MMP-5, MMP-6, MMP-7, MMP-8, MMP- 10, MMP-1 1, MMP-1 2,
and MMP-1 3). Examples of MMP inhibitors include
AG-3340, RO 32-3555, RS 13-0830, and the following
compounds:
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoylcyclopentyl)- amino]-propionic acid;
3-exo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-
8-oxa-bicyclo[3.2.1]octane-3-carboxylic acid
hydroxyamide; (2R, 3R) 1-[4-(2-chloro-4-
fluoro-benzyloxy)-benzenesulfonyl]-3-hydroxy-3-methyl-
piperidine-2-carboxylic acid hydroxyamide;
4-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-pyran-4- carboxylic acid hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-
hydroxycarbamoyl-cyclobutyl)-amino]-propionic acid;
4-[4-(4-chloro-phenoxy)-
benzenesulfonylamino]-tetrahydro-pyran-4-carboxylic
acid hydroxyamide; 3-[4-(4-chlorophenoxy)-
benzenesulfonylamino]-tetrahydro-pyran-3-carboxylic
acid hydroxyamide; (2R, 3R)
1-[4-(4-fluoro-2-methyl-benzyloxy)-benzenesulfonyl]-3-
hydroxy-3-methyl-piperidine-2- carboxylic acid
hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-
hydroxycarbamoyl-1-methyl-ethy!)-amino]-propionic
acid; 3-[[4-(4-fluoro-phenoxy)-
benzenesuIfonyl]-(4-hydroxy-carbamoyltetrahydro-pyran-
4-yl)-amino]-propionic acid; 3-
exo-3-[4-(4-chloro-phenoxy)benzene-sulfonylamino]-8-ox
a-bicyclo[3.2.1]octane-3- carboxylic acid
hydroxyamide;
3-endo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8
- oxa-bicyclo[3.2.1]octane-3-carboxylic acid
hydroxyamide; 3-[4-(4-fluoro-phenoxy)-
benzenesulfonylamino]-tetrahydro-furan-3-carboxylic
acid hydroxyamide; and pharmaceutically acceptable
salts, solvates and hydrates thereof. Examples of
signal transduction inhibitors include agents that can
inhibit EGFR (epidermal growth factor receptor)
responses, such as EGFR antibodies, EGF antibodies,
and molecules that are EGFR inhibitors; VEGF (vascular
endothelial growth factor) inhibitors; and erbB2
receptor inhibitors, such as organic molecules or
antibodies that bind to the erbB2 receptor, for
example, HERCEPTIN(tm) (Genentech, Inc. of South San
Francisco, California, USA). EGFR inhibitors are
described in, for example in WO 95/19970 (published
July 27, 1995), WO 98/14451 (published April 9, 1998),
WO 98/02434 (published January 22, 1998), and United
States Patent 5,747,498 (issued May 5, 1998).
EGFR-inhibiting agents include, but are not limited
to, the monoclonal antibodies C225 and anti-EGFR 22Mab
(ImClone Systems Incorporated of New York, New York,
USA), the compounds ZD-1839 (AstraZeneca), BIBX-1382
(Boehringer Ingelheim), MDX-447 (Medarex Inc. of
Annandale, New Jersey, USA), and OLX-103 (Merck & Co.
of Whitehouse Station, New Jersey, USA), VRCTC-310
(Ventech Research) and EGF fusion toxin (Seragen Inc.
of Hopkinton, Massachusetts).VEGF inhibitors, for
example SU-5416 and SU-6668 (Sugen Inc. of South San
Francisco, California, USA), can also be combined or
co-administered with the composition. VEGF inhibitors
are described in, for example in WO 99/24440
(published May 20, 1999), PCT International
Application PCT/IB99/00797 (filed May 3, 1999), in WO
95/21613 (published August 17, 1995), WO 99/61422
(published December 2, 1999), United States Patent
5,834,504 (issued November 10, 1998), WO 98/50356
(published November 12, 1998), United States Patent
5,883,113 (issued March 16, 1999), United States
Patent 5,886,020 (issued March 23, 1999), United
States Patent 5,792,783 (issued August 11, 1998), WO
99/10349 (published March 4, 1999), WO 97/32856
(published September 12, 1997), WO 97/22596 (published
June 26, 1997), WO 98/54093 (published December 3,
1998), WO 98/02438 (published January 22, 1998), WO
99/16755 (published April 8, 1999), and WO 98/02437
(published January 22, 1998), all of which are herein
incorporated by reference in their entirety. Other
examples of some specific VEGF inhibitors are IM862
(Cytran Inc. of Kirkland, Washington, USA); anti-VEGF
monoclonal antibody bevacizumab (Genentech, Inc. of
South San Francisco, California); and angiozyme, a
synthetic ribozyme from Ribozyme (Boulder, Colorado)
and Chiron (Emeryville, California). ErbB2 receptor
inhibitors, such as GW-282974 (Glaxo Wellcome pic),
and the monoclonal antibodies AR-209 (Aronex
Pharmaceuticals Inc. of The Woodlands, Texas, USA) and
2B-1 (Chiron), may be administered in combination with
the composition. Such erbB2 inhibitors include those
described in WO 98/02434 (published January 22, 1998),
WO 99/35146 (published July 15, 1999), WO 99/35132
(published July 15, 1999), WO 98/02437 (published
January 22, 1998), WO 97/13760 (published April 17,
1997), WO 95/19970 (published July 27, 1995), United
States Patent 5,587,458 (issued December 24, 1996),
and United States Patent 5,877,305 (issued March 2,
1999), each of which is herein incorporated by
reference in its entirety. ErbB2 receptor inhibitors
useful in the present invention are also described in
United States Provisional Application No. 60/117,341,
filed January 27, 1999, and in United States
Provisional Application No. 60/117,346, filed January
27, 1999, both of which are herein incorporated by
reference in their entirety. Other antiproliferative
agents that may be used include inhibitors of the
enzyme farnesyl protein transferase and inhibitors of
the receptor tyrosine kinase PDGFr, including the
compounds disclosed and claimed in the following
United States patent applications: 09/221946 (filed
December 28, 1998); 09/454058 (filed December 2,
1999); 09/501163 (filed February 9, 2000); 09/539930
(filed March 31, 2000); 09/202796 (filed May 22,
1997); 09/384339 (filed August 26, 1999); and
09/383755 (filed August 26, 1999); and the compounds
disclosed and claimed in the following United States
provisional patent applications: 60/168207 (filed
November 30, 1999); 60/170119 (filed December 10,
1999);60/177718 (filed January 21, 2000); 60/168217
(filed November 30, 1999), and 60/200834 (filed May 1,
2000). Each of the foregoing patent applications and
provisional patent applications is herein incorporated
by reference in their entirety. Compositions of the
invention can also be used with other agents useful in
treating abnormal cell growth or cancer, including,
but not limited to, agents capable of enhancing
antitumor immune responses, such as CTLA4 (cytotoxic
lymphocite antigen 4) antibodies, and other agents
capable of blocking CTLA4; and anti-proliferative
agents such as other famesyl protein transferase
inhibitors. Specific CTLA4 antibodies that can be used
in the present invention include those described in
United States Provisional Application 60/113,647
(filed December 23, 1998) which is herein incorporated
by reference in its entirety. Unless otherwise stated,
the following terms used in the specification and
claims have the meanings discussed below. Variables
defined in this section, such as R, X, n and the like,
are for reference within this section only, and are
not meant to have the save meaning as may be used
outside of this definitions section. Further, many of
the groups defined herein can be optionally
substituted. The listing in this definitions section
of typical substituents is exemplary and is not
intended to limit the substituents defined elsewhere 



within this specification and claims. As used herein,
the symbol [ ] when incorporated into the chemical
structure of a substituent means that the atom to
which [ ] is attached is the point of attachment of
that substitutent to some position on another
molecule. For example, X in the hypothetical molecule
CH3CH2-X might be defined as X is the placement of [ ]
attached to the arbitrarily numbered position C-1,
means that C-1 of the phenyl ring is attached to the
methylene carbon. The symbols " " and ii "i when used
together in a single molecule without further
indication otherwise, for example, chemical name or
accompanying description, merely indicate relative
stereochemistry of trans or cis where applicable. The
symbol "  VV " and the symbol" - ", used together or
separately, in combination with an indication of them
representing the absolute stereochemistry, for
example, an indication of "S" or "R" in the
corresponding chemical structure or the accompanying
chemical name, indicate the absolute stereochemistry
of the corresponding chiral center. When a diradical
is referred as, for example, -0-CH 2- or -(C1-C3
alkylene)-NH-, it is understood that each end of the
diradical can equally connect to another moiety.
Forexample, if K is defined as A-L-B, and L is a
diradical selected from -0-CH 2- and -(C1-C3
alkylene)-, it is understood that K is therefore
selected from A-O-CH 2-B, A-CH2-O-B, and A-(Ci-C 3
alky!ene)-B. A and B herein refer to different organic
moieties. "Aliphatic" refers to straight-chain,
branched or cyclic C1-C12 hydrocarbons which are
completely saturated or which contains one or more
units of unsaturation but which are not aromatic.
Examples of aliphatic groups include linear, branched
or cyclic alkyl, alkenyl, alkynyl groups and hybrids
thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl, etc. An aliphatic group may be
optionally substituted by 1-6 substituents. Suitable
substituents on an aliphatic group include: 3-12
member heterocyclyl, C6-Ci 0 aryl. 5-12 member
heteroaryl, halide, -NO2, NH2, NR2, -CN, -COR, -COOR,
-CONR 2, -OH, -OR, - OCOR, -SR, -SOR, -SO2R, -SONR2,
-SO2NR2, wherein R is H, C1-Ci 0 alkyl, 3-10 member
heterocyclyl, C6-Ci 0 aryl, 5-12 member heteroaryl.
"CrCi 2 alkyl" refers to a straight chain or branched
saturated hydrocarbon radical having from 1 to 12
carbon atoms. A C Ci2 alkyl group may be optionally
substituted by at least one substituent. Suitable
substituents on a Cr Ci2 alkyl group include, but are
not limited to, 3-12 member heterocyclyl, C6-Ci 0
aryl, 5-12 member heteroaryl, halide, -NO2, - NR2,
-CN, -COR, -COOR, -CONR2, -OH, -OR, -OCOR, -SR, -SOR,
-SO2R, -SONR2, - SO2NR2, wherein each R is
independently -H, Ci-Ci 0 alkyl, 3-12 member
heterocyclyl, C6- Ci 0 aryl, 5-12 member heteroaryl.
Examples of CrCi 2 alkyl groups include, but are not
limited to methyl, ethyl, propyl, isopropyl, butyl,
sec-butyl, iso-butyl, tert-butyl, pentyl, neopentyl,
sec-pentyl, hexyl, heptyl, octyl, and the like,
including substitutued forms thereof. Further, the
term "alkyl" refers to a straight chain or branched
saturated hydrocarbon radical of 1 to 20 carbon atoms,
or 1 to 12 carbon atoms, or 1 to 8 carbon atoms, or 1
to 6 carbon atoms, or 1 to 4 carbon atoms. "Lower
alkyl" refers specifically to an alkyl group having 1
to 4 carbon atoms. Alkyl may be substituted or
unsubstituted. Suitable substituents on an alkyl group
are the same as those described for a CrCi 2 alkyl
group. "Cycloalkyl" refers to a cyclic saturated
hydrocarbon radical having from 3 to 20 carbon atoms.
A cycloalkyl group may be monocyclic and where
permissible may be bicyclic or polycyclic. A
cycloalkyl group may be optionally substituted by at
least one substituent. Suitable substituents on a
cycloalkyl group are the same as those described for
an aikyl group. Examples of cycloalkyl groups include,
but are not limited to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
nobornyl, adamantyl, and the like, including
substitutued forms thereof. "Nonaromatic carbocyclyl"
refers to a 3 to 12 member all-carbon monocyclic ring
group, all-carbon bicyclic or multicyclic ring system
group wherein one or more of the rings may contain one
or more double bonds but none of the rings has a
completely conjugated pi-electron system. Examples,
without limitation, of nonaromatic carbocyclyl
arecyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexadienyl,
adamantanyl, cycloheptyl, cycloheptatrienyl, and the
like. A nonaromatic carbocyclyl may be substituted or
unsubstituted. Typical substituent groups are the same
with those of alkyl group, as defined herein.
Illustrative examples of nonaromatic carbocyclyl are
derived from, but not limited to, the following:
"Unsaturated nonaromatic carbocyclyl" or "nonaromatic
unsaturated carbocyclyl" both refer to a nonaromatic
carbocyclyl, as defined herein, that contains at least
one carbon carbon double bond or one carbon carbon
triple bond. "C2-C12 alkenyl" refers to a straight
chain or branched unsaturated hydrocarbon radical
having from 2 to 12 carbon atoms. A C2-Ci 2 alkenyl
group may have one or more points of unsaturation
(i.e.- one or more carbon-carbon double bonds). In the
case where C2-Ci 2 alkenyl has more than one
carbon-carbon double bond, the carbon-carbon double
bonds can be conjugated or unconjugated. A C2-C12
alkenyl group may be optionally substituted by at
least one substituent. Suitable substituents on a
C2-C12 alkenyl group are the same as those described
for a C1-C12 alkyl group. Examples of C2-C12 alkenyl
include, but are not limited to, ethenyl, 1-propenyl,
2-propenyl, 1-butenyl, 2-butenyl, iso-butenyl, and the
like, including substituted forms thereof. Further,
the term "alkenyl" refers to a straight chain or
branched unsaturated hydrocarbon radical having from 2
to 20 carbon atoms, or 2 to 12 carbon atoms, or 2 to 8
carbon atoms, or 2 to 6 carbon atoms, or 2 to 4 carbon
atoms. An alkenyl group may have one or more points of
unsaturation (i.e.- one or more carbon-carbon double
bonds). In the case where an alkenyl group has more
than one carbon-carbon double bond, the carbon-carbon
double bonds can be conjugated or unconjugated. An
alkenyl group may be substituted or unsubstituted.
Suitable substituents on an alkenyl group are the same
as those described for a C1-Ci 2 alkyl group. "Alkoxy"
or "alkoxyl" refers to -OR Cwherein Rc is C1-Ci 2
alkyl, C2-Ci 2 alkenyl, C2- Ci2 alkynyl, C3-Ci 2
cycloalkyl or (Ci-C 6 alkylene)-(C3-Ci 2 cycloalkyl).
A "C1-C12 alkoxy" or"C1-C12 alkoxyl" refers to an
alkoxy group, as defined herein, wherein R has 1 to 12
total carbon atoms. "Alkoxyalkyl" refers to an alkyl,
as defined herein, that is substituted by at least one
alkoxy group as defined herein. A "C2-C6 alkylalkoxy"
refers an alkylalkoxy wherein the total carbon number
of the alkyl and its alkoxy substituents are from 2 to
6. "Alkylamino" refers to -NR pRq wherein each Rp and
Rq is independently H, C1-C12 alkyi, C2-Ci 2 alkenyl,
C2-C12 alkynyl, C3-C12 cycloalkyl, (C1-C6 alkylene)-(C
3-C12 cycloalkyl) provided Rp and Rq are not both H. A
"monoalkylamino" refers to an alkylamino group, as
defined herein, wherein one of Rp and Rq is H. A
"dialkylamino" refers to an alkylamino group, as
defined herein, wherein none of Rp and Rq is H. A
"Ci-12 alkylamino" refers to an alkylamino group that
contains 1 to 10 carbon atoms. "C2-C12 alkynyl" refers
to a straight chain or branched hydrocarbon radical
having from 2-12 carbon atoms and at least one
carbon-carbon triple bond. In the case where C2- C12
alkynyl has more than one carbon-carbon double bond,
the carbon-carbon double bonds can be conjugated or
unconjugated. A C2-Ci 2 alkynyl group may be
optionally substituted by at least one substituent.
Suitable substituents on a C2-C12 alkynyl group are
the same as those described for a C1-C12 alkyl group.
Examples of C2-C12 alkynyl include, but are not
limited to, ethynyl, 1-propynyl, 2-propynyl,
1-butynyl, 2-butynyl, and the like, including
substituted forms thereof. Further, the term "alkynyl"
refers to a straight chain or branched hydrocarbon
radical of 2 to 20 carbon atoms, or 2 to 12 carbon
atoms, or 2 to 8 carbon atoms, or 2 to 6 carbon atoms,
or 2 to 4 carbon atoms, and having at least one
carbon-carbon triple bond. Alkynyl may be substituted
or unsubstituted. Suitable substituents on an alkynyl
group are the same as those described for a C1-C12
alkyl group. "Amino" refers to -NH 2. "C6-Ci O aryl"
refers to an all-carbon monocyclic ring or polycyclic
ring of 6 to 10 carbon atoms having a completely
conjugated pi-electron system. A C6-C10 aryl group may
be optionally substituted by at least one substituent.
Suitable substituents on a C6-Ci 0 aryl group are the
same as those described for a Cr C12 alkyl group.
Examples of C6-C10 aryl include, but are not limited
to, phenyl and naphthyl. Further, the term "aryl"
refers to an all-carbon monocyclic ring or polycyclic
ring of 6 to 20 carbon atoms having a completely
conjugated pi-electron system. The aryl group may be
substituted or unsubstituted. Examples of aryl
include, but are not limited to, anthracenyl,
phenanthreneyl and perylenyl. "Aralkyl" refers to
alkyl, as defined herein, that is substituted with an
C6-Io aryl group as defined above; e.g., -CH2phenyl,
-(CH2)2phenyl, -(CH2)3phenyl, CH3CH(CH3)CH2phenyl,and
the like and derivatives thereof. A C1-C6 aralkyl
refers to a C1-C6 alkyl that is substituted with a
C6-C1O aryl group."Heteroaralkyl" group means alkyl,
as defined herein, that is substituted with a 5- 



12 member heteroaryl group; e.g., -CH2pyridinyl,
-(CH2)2pyrimidinyl, -(CH2)3imidazolyl, and the like,
and derivatives thereof. A C1-C6 heteroaralkyl refers
to a C1-C6 alkyl that is substituted with an 5-12
member heteroaryl group. "Heteroaryl" refers to a
monocyclic or fused ring group of 5 to 12 ring atoms
containing one, two, three or four ring heteroatoms
selected from N, O, and S, the remaining ring atoms
being C, and, in addition, having a completely
conjugated pi-electron system. Examples, without
limitation, of unsubstituted heteroaryl groups are
pyrrole, furan, thiophene, imidazole, oxazole,
thiazole, pyrazole, pyridine, pyrimidine, quinoline,
isoquinoline, purine, tetrazole, triazine, and
carbazole. The heteroaryl group may be substituted or
unsubstituted. Typical substituents include Ci -12
aliphatic, 3-10 member heterocyclyl, 6-10 member aryl,
halide, -NO2, NH2, NR2, -CN, -COR, -COOR, -CONR2, -
OH, -OR, -OCOR, -SR, -SOR, -SO2R, -SONR2, -SO2NR2,
wherein R is a C1-10 aliphatic, 3- 10 member
heterocyclyl, C6-10 aryl, 5-10 member heteroaryl. A
"pharmaceutically acceptable heteroaryl" is one that
is sufficiently stable to be attached to a compound of
the invention, formulated into a pharmaceutical
composition and subsequently administered to a patient
in need thereof. Examples of typical monocyclic
heteroaryl groups include, but are not limited to:
pyrrole furan thiophene pyrazole imidazole (pyrrolyl)
(furanyl) (thiophenyl) (pyrazolyl) (imidazolyl)
isoxazole oxazole isothiazole thiazolyl 1,2,3-triazole
(isoxazolyl) (oxazolyl) (isothiazolyl) (thiazolyl)
(1,2,3-triazolyl) 1,3,4-triazole 1-oxa-2,3-diazole
1-oxa-2,4-diazole 1-oxa-2,5-diazole ( 1
,3,4-triazolyl) (1-oxa-2,3-diazolyl)
(1-oxa-2,4-diazolyl) (1-oxa-2,5-diazolyl)
1-oxa-3,4-diazole 1-thia-2,3-diazole
1-thia-2,4-diazole 1-thia-2,5-diazole
(1-oxa-3,4-diazolyl) (1-thia-2,3-diazolyl)
(1-thia-2,4-diazolyl)
(1-thia-2,5-diazolyl)1-thia-3,4-diazole tetrazole
pyridine pyridazine pyrimidine (1-thia-3,4-diazolyl)
(tetrazolyl) (pyridinyl) (pyridazinyl) (pyrimidinyl)
pyrazine 1,3,5-ti azine (pyrazinyl) triazinyl Examples
of bicyclic heteroaryl groups include, but are not
limited to: benzofuran benzothiophene indazole
(benzofuranyl) (benzothiophenyl) (indolyl)
(benzimidazolyl) (indazolyl) benzotriazole
pyrrolo[2,3-b]pyridine pyrrolo[2,3-c]pyridine
pyrrolot3,2-c]pyridine (benzotriazolyl)
(pyrrolo[2,3-b]pyridinyl) (pyrrolo[2,3-c]pyridinyl)
(pyrrolo[3,2-c]pyridinyl) pyrrolo[3,2-b]pyridine
imidazo[4,5-b]pyridine imidazo[4,5-c]pyridine
pyrazolo[4,3-d]pyridine (pyrrolo[3,2-b]pyridinyl)
(imidazo[4,5-b]pyridinyl) (imidazo[4,5-c]pyridinyl)
(pyrazolo[4,3-d]pyidinyl) pyrazolo[4,3-c]pyridine
pyrazolot3,4-c]pyridine pyrazolo[3,4-b]pyridine
isoindole (pyrazolo[4,3-c]pyidinyl)
(pyrazolo[3,4-c]pyidinyl) (pyrazolo[3,4-b]pyidinyl)
(isoindolyl) indazole purine Cx> indolizine imidazo[1
,2-a]pyridine imidazo[1 ,5-a]pyridine (indazolyl)
(purinyl) (indolininyl) (imidazo[1 ,2-a]pyridinyl)
(imidazo[1 ,5-a]pyridinyl)pyrazolo[1 ,5-a]pyridine
pyrrolo[1 ,2-b]pyridazine imidazo[1 ,2-c]pyrimidine
(pyrazolo[1 ,5-a]pyridinyl) (pyrrolo[1
-2,b]pyridazinyl) (imidazo[1 ,2-c]pyrimidinyl)
thienopyrimidine (thienopyrimidinyl)
(thienopyrimidinyl) quinoline isoquinoline cinnohne
quinazoline (quinolinyl) (isoquinolinyl) (cinnolinyl)
(azaquinazoline) quinoxaline phthalazine
1,6-naphthyridine 1,7-naphthyridine (quinoxalinyl)
(phthalazinyl) ( 1,6-naphthyridinyl) (1
,7-naphthyridinyl) 1,8-naphthyridine 1,5-naphthyridine
2,6-naphthyridine 2,7-naphthyridine (
1,8-naphthyridinyl) ( 1,5-naphthyridinyl)
(2,6-naphthyridinyl) (2,7-naphthyridinyl)
pyrido[3,2-d]pyrimidine pyrido[4,3-d]pyrimidine
pyrido[3,4-d]pyrimidine (pyrido[3,2-d]pyrimidinyl)
(pyrido[4,3-d]pyrimidinyl) (pyrido[3,4-d]pyrimidinyl)
pyrido[2,3-d]pyrimidine pyrido[2,3-b]pyrazine
pyrido[3,4-b]pyrazine (pyrido[2,3-d]pyrimidinyl)
(pyrido[2,3-b]pyrazinyl) (pyrido[3,4-b]pyrazinyl)
pyrimido[5,4-d]pyrimidine pyrazino[2,3-b]pyrazine
pyrimido[4,5-d]pyrimidine (pyrimido[5,4-d]pyrimidinyl)
(pyrazino[2,3-b]pyrazinyl)
(pyrimido[4,5-d]pyrimidinyl)"Heteroalicyclic" o r
"heterocyclyl" refers to a monocyclic o r polycyclic
group having from 3 to 12 ring atoms, wherein from 1
to 4 ring atoms are heteroatoms selected from N, O ,
and S . "Heteroalicyclic" o r "heterocyclyl" may also
have one o r more double bonds. However,
"Heteroalicyclic" or "heterocyclyl" d o not have a
completely conjugated pielectron system.
"Heteroalicyclic" o r "heterocyclyl" can be
substituted o r unsubstituted. Typical substituents
include, but are not limited to, C 1-Ci 2 aliphatic,
6-10 member aryl, 6-10 member aryl, halide, -NO 2, NH2
, NR2 , -CN, -COR, -COOR, -CONR 2 , -OH, -OR, -OCOR, -
SR, -SOR, -SO 2R, wherein R is a C1-C 10 alkyl, 3-10
member heterocyclyl, C6-C 10 aryl, 5-10 member
heteroaryl. Examples of saturated heterocyclyl groups
include, but are not limited to: H O S N ZA ZL Z D0 Ds
DNH (!) ox irane thiarane aazziirriiddiinnee
ooxxeettaannee tthhiiaattaannee aazzeettiiddiinnee
tetrahydrofuran (ox i ranyl) (thiaranyl) (aziridinyl)
(oxetanyl) (thiatanyl) (azetidinyl)
(tetrahydrofuranyl) tetrahydrothiophene pyrrolidine
tetrahydropyran tetrahydrothiopyran
(tetrahydrothiophenyl) (pyrrolidinyl)
(tetrahydropyranyl) (tetrahydrothiopyranyl) piperidine
1,4-dioxane 1 ,4-oxathiane morpholine 1 ,4-dithiane
(piperidinyl) (1 ,4-dioxanyl) ( 1 ,4-oxathianyl)
(morpholinyl) ( 1 ,4-dithianyl) piperazine
1,4-azathiane oxepane thiepane azepane (piperazinyl)
(1 ,4-azathianyl) (oxepanyl) (thiepanyl) (azepanyl) 1
,4-dioxepane 1,4-oxathiepane 1,4-oxaazepane 1
,4-dithiepane (1 ,4-dioxepanyl) (1 ,4-oxathiepanyl) (1
,4-oxaazepanyl) ( 1 ,4-dithiepanyl) 1,4-thieazepane
1,4-diazepane tropane (1 ,4-thieazepanyl) (
1,4-diazepanyl) (tropanyl)Examples of partially
unsaturated heterocyclyl groups include, but are not
limited to: 3,4-dihydro-2H-pyran 5,6-dihydro-2H-pyran
2H-pyran (3,4-dihydro-2H-pyranyl)
(5,6-dihydro-2H-pyranyl) (2H-pyranyl)
1,2,3,4-tetrahydropyridine 1,2,5,6-tetrahydropyridi pe
( 1 ,2,3,4-tetrahydropyridinyl) ( 1
,2,5,6-tetrahydropyridinyl) A "diradical" refers to a
group that has two open valences and is further
connected to two other groups. Examples of diradicals
are, but are not limited to -CH 2- , -O-. When "ene"
is added after the "yl" at the end of any of the
previously defined terms to form a new term, the new
term refers to a diradical formed by removing one
hydrogen atom from the original term of which the new
term derived from. For example, an alkylene refers to
a diradical group formed by removing one hydrogen atom
from an alkyl group and that a "methylene" refers to a
divalent radical -CH2- derived from removing one
hydrogen atom from methyl. More examples of such
diradicals include, but are not limited to:
alkenylene, alkynylene, cycloalkylene, phenylene,
heterocyclylene, heteroarylene and (nonaromatic
unsaturated carbocyclylene), which are derived from
alkenyl, alkynyl, cycloalkyl, phenyl, heterocyclyl,
heteroaryl and (nonaromatic unsaturated carbocyclyl),
respectively. For example, "cyclopropylene" refers to
both , and . For example, "C1-C2 alkylene" refers to
all of the following: -CH 2-, -CH(CH3)- and -CH2-CH2-
. "oxo" refers to an oxygen double bond "=O"
substitution. "Hydroxy" or "hydroxyl" both refer to
-OH. "Perfluoroalkyl" refers to an alkyl group in
which all of its hydrogen atoms are replaced by
fluorine atoms. "Optional" or "optionally" means that
the subsequently described event or circumstance may
but need not occur, and that the description includes
instances where the event or circumstance occurs and
instances in which it does not. For example,
"heterocyclyl group optionally substituted with an
alkyl group" means that the alkyl may but need not be
present, and the description includes situations where
the heterocyclyl groupis substituted with an alkyl
group and situations where the heterocyclyl group is
not substituted with the alkyl group. When a group is
"optionally substituted" or "optionally further
substituted" by some substituents, it means the
hydrogen atoms of this group, except when the group
itself is a hydrogen, where permissible, is
substituted by some substituents. For example, such
definition of a group "R is H, C1-C3 alkyl and phenyl,
and R is optionally further substituted 



by 1-3 groups selected from -F, oxo and Ci-C 3
perfluoroalkyl", it is intended that R is 1) H (when R
is H, R cannot be further substituted); 2) CrC 3 alkyl
optionally further substituted by 1-3 groups selected
from -F, oxo and C1-C3 perfluoroalkyl; and 3) phenyl
optionally further substituted by 1-3 groups selected
from - F and C1-C3 perfluoroalkyl. Optional
substitution of oxo does not apply when R is phenyl
because no single atom of the phenyl group possess two
hydrogen atoms to be substituted by oxo, i.e. =0 bond.
A "pharmaceutical composition" refers to a mixture of
one or more of the compounds described herein, or
physiologicaily/pharmaceutically acceptable salts,
solvates, hydrates or prodrugs thereof, with other
chemical components, such as
physiologically/pharmaceutically acceptable carriers
and excipients. The purpose of a pharmaceutical
composition is to facilitate administration of a
compound to an organism. As used herein, a
"physiologically/pharmaceutically acceptable carrier"
refers to a carrier or diluent that does not cause
significant irritation to an organism and does not
abrogate the biological activity and properties of the
administered compound. A "pharmaceutically acceptable
excipient" refers to an inert substance added to a
pharmaceutical composition to further facilitate
administration of a compound. Examples, without
limitation, of excipients include calcium carbonate,
calcium phosphate, various sugars and types of starch,
cellulose derivatives, gelatin, vegetable oils and
polyethylene glycols. As used herein, the term
"pharmaceutically acceptable salt" refers to those
salts that retain the biological effectiveness and
properties of the parent compound. Such salts include:
( 1) acid addition salts, which can be obtained by
reaction of the free base of the parent compound with
inorganic acids such as hydrochloric acid, hydrobromic
acid, nitric acid, phosphoric acid, sulfuric acid, and
perchloric acid and the like, or with organic acids
such as acetic acid, oxalic acid, (D) or (L) malic
acid, maleic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic acid, salicylic
acid, tartaric acid, citric acid, succinic acid or
malonic acid and the like; or (2) salts formed when an
acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an
alkaline earth ion, or an aluminum ion;or coordinates
with an organic base such as ethanolamine,
diethanolamine, triethanolamine, tromethamine,
N-methylglucamine, and the like. "PK" refers to
receptor protein tyrosine kinase (RTKs), non-receptor
or "cellular" tyrosine kinase (CTKs) and
serine-threonine kinases (STKs). "Modulation" or
"modulating" refers to the alteration of the catalytic
activity of RTKs, CTKs and STKs. In particular,
modulating refers to the activation of the catalytic
activity of RTKs, CTKs and STKs, preferably the
activation or inhibition of the catalytic activity of
RTKs, CTKs and STKs, depending on the concentration of
the compound or salt to which the RTK, CTK or STK is
exposed or, more preferably, the inhibition of the
catalytic activity of RTKs, CTKs and STKs. "Catalytic
activity" refers to the rate of phosphorylation of
tyrosine under the influence, direct or indirect, of
RTKs and/or CTKs or the phosphorylation of serine and
threonine under the influence, direct or indirect, of
STKs. "Contacting" refers to bringing a compound of
the present teachings and a target PK together in such
a manner that the compound can affect the catalytic
activity of the PK, either directly, i.e., by
interacting with the kinase itself, or indirectly,
i.e., by interacting with another molecule on which
the catalytic activity of the kinase is dependent.
Such "contacting" can be accomplished "in vitro,"
i.e., in a test tube, a petri dish or the like. In a
test tube, contacting may involve only a compound and
a PK of interest or it may involve whole cells. Cells
may also be maintained or grown in cell culture dishes
and contacted with a compound in that environment. In
this context, the ability of a particular compound to
affect a PK related disorder, i.e., the IC50 of the
compound, can be determined before use of compounds in
vivo with more complex living organisms is attempted.
For cells outside the organism, multiple methods
exist, and are well-known to those skilled in the art,
to get the PKs in contact with the compounds
including, but not limited to, direct cell
microinjection and numerous transmembrane carrier
techniques. "In vitro" refers to procedures performed
in an artificial environment such as, e.g., without
limitation, in a test tube or culture medium. "In
vivo" refers to procedures performed within a living
organism such as, without limitation, a mouse, rat or
rabbit. "PK related disorder," "PK driven disorder,"
and "abnormal PK activity" all refer to a condition
characterized by inappropriate, i.e., under or, more
commonly, over, PK catalytic activity, where the
particular PK can be an RTK, a CTK or an STK.
Inappropriate catalytic activity can arise as the
result of either: (1) PK expression in cells which
normally do not express PKs, (2) increased PK
expression leading to unwanted cell proliferation,
differentiation and/or growth, or, (3) decreased PK
expression leading to unwanted reductions in cell
proliferation, differentiation and/or growth.
Over-activity of a PK refers toeither amplification of
the gene encoding a particular PK or production of a
level of PK activity which can correlate with a cell
proliferation, differentiation and/or growth disorder
(that is, as the level of the PK increases, the
severity of one or more of the symptoms of the
cellular disorder increases). Under-activity is, of
course, the converse, wherein the severity of one or
more symptoms of a cellular disorder increase as the
level of the PK activity decreases. "Treat",
"treating" and "treatment" refer to a method of
alleviating or abrogating a PK mediated cellular
disorder and/or its attendant symptoms. With regard
particularly to cancer, these terms simply mean that
the life expectancy of an individual affected with a
cancer will be increased or that one or more of the
symptoms of the disease will be reduced. "Organism"
refers to any living entity comprised of at least one
cell. A living organism can be as simple as, for
example, a single eukariotic cell or as complex as a
mammal, including a human being. "Therapeutically
effective amount" refers to that amount of the
compound being administered which will relieve to some
extent one or more of the symptoms of the disorder
being treated. In reference to the treatment of
cancer, a therapeutically effective amount refers to
that amount which has at least one of the following
effects: ( 1) reducing the size of the tumor; (2)
inhibiting (that is, slowing to some extent,
preferably stopping) tumor metastasis; (3) inhibiting
to some extent (that is, slowing to some extent,
preferably stopping) tumor growth, and (4) relieving
to some extent (or, preferably, eliminating) one or
more symptoms associated with the cancer. "Monitoring"
means observing or detecting the effect of contacting
a compound with a cell expressing a particular PK. The
observed or detected effect can be a change in cell
phenotype, in the catalytic activity of a PK or a
change in the interaction of a PK with a natural
binding partner. Techniques for observing or detecting
such effects are wellknown in the art. The effect is
selected from a change or an absence of change in a
cell phenotype, a change or absence of change in the
catalytic activity of said protein kinase or a change
or absence of change in the interaction of said
protein kinase with a natural binding partner in a
final aspect of this invention. "Cell phenotype"
refers to the outward appearance of a cell or tissue
or the biological function of the cell or tissue.
Examples, without limitation, of a cell phenotype are
cell size, cell growth, cell proliferation, cell
differentiation, cell survival, apoptosis, andnutrient
uptake and use. Such phenotypic characteristics are
measurable by techniques well-known in the art.
"Natural binding partner" refers to a polypeptide that
binds to a particular PK in a cell. Natural binding
partners can play a role in propagating a signal in a
PK-mediated signal transduction process. A change in
the interaction of the natural binding partner with
the PK can manifest itself as an increased or
decreased concentration of the PK/natural binding
partner complex and, as a result, in an observable
change in the ability of the PK to mediate signal
transduction. Brief description of the drawing Figure
1 shows that a compound of the current invention
showed in vivo tumor growth inhibition and tumor
growth delay of HCT116 human colorectal carcinoma
xenografts in athymic mice. Detailed Description 



Compounds of formulas I, II, III and IHa can be made
following the synthetic routes in Scheme 1 and Scheme
2. In Scheme 1 and Scheme 2 and the descriptions
following, "BOC", "Boc" or "boc" means
N-terf-butoxycarbonyl, DCM means CH2CI2, DIPEA (also
known as Hunig's base) means diisopropyl ethyl amine,
DMA means dimethyl amine, "DMF" means dimethyl
formamide, "DMSO" means dimethylsulfoxide, Et means -
CH2CH3, "MTBE" means methyl t-butyl ether, NMP means
1-methyl-2-pyrrolidinone, TEA means triethyl amine,
TFA means trifluoro acetic acid, THF means
tetrahydrofuran. While schemes 1 and 2 and the
description refer to compound I , schemes 1 and 2 and
the description are equally applicable to compounds
II, III and IHa. Scheme 1Scheme 1 illustrates the
synthesis of the intermediate l(a) used to make
compounds of formula I . The amino group of the
substituted amino acid l(a) is alkylated to give
compound l(b). This can typically be done by treating
compound l(a) with an alkylating agent in the presence
of a base. An activated electrophilic double bond
moiety is a commonly used alkylating reagent. A
typical reaction condition of alkylating l(a) with an
activated electrophilic double bond moiety is to treat
l(a) with the activated double bond moiety in the
presence of a strong base. Subsequent aqueous work up
affords compound l(b). The amino group of compound
l(b) is then protected with a boc group to give
compound l(c). This can typically be done by treating
compound l(b) with Boc agent in the presence of a
base. A typical condition is to treat compound l(b)
with (Boc)2O in the presence of Me4NOH in MeCN as a
solvent. The carboxylic acid group of compound l(c) is
then converted into a methyl ester of compound l(d). A
typical condition of converting the carboxylic acid
group into the methyl ester group is to treat l(c)
with methyl iodide in DMF in the presence of a base.
Compound l(d) then undergoes an intramolecular aldol
condensation to give compound l(e). This can typically
be done by treating compound l(d) with a strong base
in an aprotic solvent. A typical condition is to treat
compound l(d) with t-BuOK in toluene. Subsequent
aqueous workup gives compound l(e). Compound l(e) then
undergoes a 2+3 cyclization with a hydrazine moiety to
form compound l(f). A typical condition of the
cyclization is to reflux compound l(e) with hydrazine
and acetic acid in EtOH. The free base pyrazole
nitrogen of compound I(f) is then acylated to give
compound l(g). A typical condition of the acylation is
to treat compound l(f) with chloro ethyl carbonate in
THF. More detailed synthetic conditions to compound
l(g) of Scheme 1 can be found in U.S. Patent
Application Publication No. 2003/0171357 and PCT
Publication WO 02/12242, the disclosure of which are
incorporated herein by reference.Scheme 2 Scheme 2
illustrates two routes through which compounds of
formula I can be made from intermediate l(g). In the
first route of Scheme 2, compound l(g) undergoes a
nucleophilic reaction with an R1 electrophile moiety.
This nucleophilic reaction can be an acylation,
alkylation, sulfonylation, reductive amination or one
of many other reactions that an amine functionality
carries out. A typical acylation reaction condition is
to treat compound l(g) with an acylating agent such as
R1-C0CI, in the presence of a base such as 2
equivalents of DIPEA, in a solvent such as
dichloromethane. The reaction mixture is stirred at
between O0C and room temperature for 12 hours.
Subsequent aqueous workup gives compound l(h). The Boc
group on the pyrrole nitrogen of compound l(h) is
thenremoved to give compound 1(1). This can typically
be done by treating l(h) with a strong acid. A typical
reaction condition is to treat compound l(h) with 4N
HCI in dioxane and DCM. Subsequent aqueous workup
affords compound l(i). The pyrrole NH of compound l(i)
is then acylated to give chloroformate I(j). This can
typically be done using phosgene, triphosgene, or some
equivalent. A typical reaction condition is to treat
I(i) with 2 equivalents of triphosgene in DCM at 00C
for four hours. Subsequent mild basic workup with
saturated NaHCO3 and purification gives compound l(j).
Compound l(j) is then treated with an R1 nucleophile
moiety. The nucleophile can be an alcohol, amine or
one of many other functionalities that can react with
the chloroformate l(j). A typical reaction involves
treating l(j) with a nucleophile such as 1.5
equivalents of an alcohol in the presence of 2
equivalents of base such as K2CO3 in a solvent such as
DME. The reaction is heated to 800C for eight hours
and the solvent removed. Alternatively, l(j) can be
treated with 1.5 equivalents of an amine in the
presence of 1 equivalent of base such as DIPEA in a
solvent such as THF. Subsequent work up in a protic
solvent such as methanol in the presence of base such
as TEA followed by purification give compound of
formula I. Alternatively, compound l(i) can then
undergoes a nucleophilic reaction with an R4
electrophile give compound l(k). The nucleophilic
reaction carried out for this transformation can be an
alkylation, acylation, sulfonylation, reductive
amination. An acylation reaction of l(i) to give l(k)
is carried out by treating compound l(i) with an
acylating reagent in the presence of base. A typical
reaction condition is to mix compound l(i) with excess
of base, such as DIPEA in DCM and adding the resulting
solution to an isocyanate at 0C. The reaction is
stirred for 2 hours and subsequent aqueous workup
gives compound l(k). The ethyl ester protecting group
on the pyrazole nitrogen of compound l(k) is removed
to give compound of formula I. This can typically be
done by treating compound l(k) with a base. A typical
reaction condition is to reflux compound l(k) in
dioxane and DCM in the presence of 2-3 equivalents of
LiOH. Subsequent aqueous workup affords compound of
formula I . In the second route of Scheme 2, the Boc
group on the pyrrole nitrogen is removed to give
compound l(I). The can typically be carried out by
treating compound l(g) with a strong acid. A typical
reaction condition is to treat compound l(g) with 4N
HCI in dioxane and DCM. Subsequent aqueous workup
affords compound l(l). Compound l(l) can then
undergoes a nucleophilic reaction with an R4
electrophile give compound l(m). Because the -NH 2
group attached to the pyrazole in compound l(l) is
less reactive than the pyrrole nitrogen of l(l), the
transformation of l(l) to l(m) can be carried out
without protecting the pyrazole -NH 2 group of
compound l(l). The nucleophilic reaction carried out
for this transformation can be an alkylation,
acylation, sulfonylation, reductive amination.Relative
mild reaction conditions are preferred to achieve the
reaction selectivity. An acylation reaction of 1(1) to
give l(m) is carried out by treating compound 1(1)
with an acylating reagent in the presence of base. A
typical reaction condition is to mix compound 1(1)
with excess of base, such as DIPEA in DCM and adding
the resulting solution to an isocyanate at 00C. The
reaction mixture is held at 00C for about two hours
and subsequent aqueous workup gives compound l(m).
Compound l(m) then undergoes a nucleophilic reaction
with an R1 electrophile moiety. This nucleophilic
reaction can be an acylation, alkylation,
sulfonylation, reductive amination or one of many
other reactions that an amine functionality carries
out. A typical acylation reaction condition is to
treat compound l(m) with an acylating agent such as
R1- NCO in the presence of a base such as 2
equivalents of DIPEA in a solvent such as
dichloromethane for 2 hours. Alternatively, l(m) can
be treated with an acylating agent such as R1-COOR,
where R is an activating group such as p-nitrophenyl,
in the presence of a base such as 2 equivalents of
DIPEA, in a solvent such as 1,2-dichloroethane.
Subsequent aqueous workup gives compound l(n). The
ethyl ester protecting group on the pyrazole nitrogen
of compound l(n) is removed typically with a base to
give the free base compound I. A typical reaction
condition is to mix compound l(n) with TEA in a protic
solvent such as methanol followed by purification to
give compound of formula I . Alternatively, the ethyl
ester protecting group on the pyrazole nitrogen of
compound l(m) is removed to give the free base
compound l(o). This can typically be done by treating
compound l(m) with a base. A typical reaction
condition is to reflux compound l(m) in dioxane and
DCM in the presence of 2-3 equivalents of LiOH.
Subsequent aqueous workup affords compound l(o).
Compound l(o) then undergoes a nucleophilic reaction
with an R1 electrophile moiety. This nucleophilic
reaction can be an acylation, alkylation,
sulfonylation, reductive amination or one of many
other reactions that amine functionality carries out.
A typical acylation reaction condition is to treat
compound l(o) with an acylating agent such as R1-COCI,
in the presence of a base such as 2 equivalents of
DIPEA in a solvent such as dichloromethane. The
reaction mixture is stirred for four hours and
subsequent aqueous workup and purification gives
compound of formula I. Unless indicated otherwise, all
references herein to the inventive compounds include
references to salts, solvates, hydrates and complexes
thereof, and to solvates, hydrates and complexes of
salts thereof, including polymorphs, stereoisomers,
and isotopically labeled versions thereof.
Pharmaceutically acceptable salts include acid
addition and base salts (including 



disalts).Suitable acid addition salts are formed from
acids which form non-toxic salts. Examples include the
acetate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulfate, borate,
camsylate, citrate, edisylate, esylate, formate,
fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulfate,
naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate,
saccharate, stearate, succinate, tartrate, tosylate
and trifluoroacetate salts. It is understood when a
particular salt of a free base compound B or a
particular salt of an free acid compound A is
disclosed in the current invention, the corresponding
free base compound B or free acid compound A is also
within the contemplation of the current invention.
Treating the salt of free base compound B with small
amount of aqueous K2CO3 followed by extraction of the
aqueous solution with large amount of organic solvent
usually affords free base compound B in good yield. If
the free base compound B is extremely water soluble,
it is recommended appropriate organic solvent be used
to dissolve the salt followed by adding solid K2CO3.
Subsequent filtration or chromatography usually
affords free base compound B. Free acid compound A can
be obtained from its salt following similar methods.
Suitable base salts are formed from bases which form
non-toxic salts. Examples include the aluminum,
arginine, benzathine, calcium, choline, diethylamine,
diolamine, glycine, lysine, magnesium, meglumine,
olamine, potassium, sodium, tromethamine and zinc
salts. For a review on suitable salts, see "Handbook
of Pharmaceutical Salts: Properties, Selection, and
Use" by Stahl and Wermuth (Wiley-VCH, Weinheim,
Germany, 2002), the disclosure of which is
incorporated herein by reference in its entirety. A
pharmaceutically acceptable salt of the inventive
compounds can be readily prepared by mixing together
solutions of the compound and the desired acid or
base, as appropriate. The salt may precipitate from
solution and be collected by filtration or may be
recovered by evaporation of the solvent. The degree of
ionization in the salt may vary from completely
ionized to almost non-ionized. The compounds of the
invention may exist in both unsolvated and solvated
forms. The term 'solvate' is used herein to describe a
molecular complex comprising the compound of the
invention and one or more pharmaceutically acceptable
solvent molecules, for example, ethanol. The term
'hydrate' is employed when the solvent is water.
Pharmaceutically acceptable solvates in accordance
with the invention include hydrates and solvates
wherein the solvent of crystallization may be
isotopically substituted, e.g. D2O, d6-acetone,
d6-DMSO.Also included within the scope of the
invention are complexes such as clathrates, drug-host
inclusion complexes wherein, in contrast to the
aforementioned solvates, the drug and host are present
in stoichiometric or non-stoichiometric amounts. Also
included are complexes of the drug containing two or
more organic and/or inorganic components which may be
in stoichiometric or non-stoichiometric amounts. The
resulting complexes may be ionized, partially ionized,
or non-ionized. For a review of such complexes, see J
Pharm Sci, 64 (8), 1269-1288 by Haleblian (August
1975), the disclosure of which is incorporated herein
by reference in its entirety. Also within the scope of
the invention are polymorphs, prodrugs, and isomers
(including optical, geometric and tautomeric isomers)
of the inventive compounds Derivatives of compounds of
the invention which may have little or no
pharmacological activity themselves but can, when
administered to a patient, be converted into the
inventive compounds, for example, by hydrolytic
cleavage. Such derivatives are referred to as
'prodrugs'. Further information on the use of prodrugs
may be found in 'Prodrugs as Novel Delivery Systems,
Vol. 14, ACS Symposium Series (T Higuchi and W Stella)
and 'Bioreversible Carriers in Drug Design', Pergamon
Press, 1987 (ed. E B Roche, American Pharmaceutical
Association), the disclosures of which are
incorporated herein by reference in their entireties.
Prodrugs in accordance with the invention can, for
example, be produced by replacing appropriate
functionalities present in the inventive compounds
with certain moieties known to those skilled in the
art as 'pro-moieties' as described, for example, in
"Design of Prodrugs" by H Bundgaard (Elsevier, 1985),
the disclosure of which is incorporated herein by
reference in its entirety. Some examples of prodrugs
in accordance with the invention include: (i) where
the compound contains a carboxylic acid functionality
(-COOH), an ester thereof, for example, replacement of
the hydrogen with (Cr C8)alkyl; (ii) where the
compound contains an alcohol functionality (-OH), an
ether thereof, for example, replacement of the
hydrogen with (Ci-C 6)alkanoyloxymethyl; and (iii)
where the compound contains a primary or secondary
amino functionality (- NH2 or -NHR where R  H), an
amide thereof, for example, replacement of one or both
hydrogens with (Cr Cio)alkanoyl. Further examples of
replacement groups in accordance with the foregoing
examples and examples of other prodrug types may be
found in the aforementioned references. Finally,
certain inventive compounds may themselves act as
prodrugs of other of the inventive compounds.Compounds
of the invention containing one or more asymmetric
carbon atoms can exist as two or more stereoisomers.
Where a compound of the invention contains an alkenyl
or alkenylene group, geometric cis/trans (or Z/E)
isomers are possible. Where the compound contains, for
example, a keto or oxime group or an aromatic moiety,
tautomeric isomerism ('tautomerism') can occur. A
single compound may exhibit more than one type of
isomerism. Included within the scope of the invention
are all stereoisomers, geometric isomers and
tautomeric forms of the inventive compounds, including
compounds exhibiting more than one type of isomerism,
and mixtures of one or more thereof. Also included are
acid addition or base salts wherein the counterion is
optically active, for example, D-lactate or L-lysine,
or racemic, for example, DL-tartrate or DL-arginine.
Cisltrans isomers may be separated by conventional
techniques well known to those skilled in the art, for
example, chromatography and fractional
crystallization. Conventional techniques for the
preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically
pure precursor or resolution of the racemate (or the
racemate of a salt or derivative) using, for example,
chiral high pressure liquid chromatography (HPLC).
Alternatively, the racemate (or a racemic precursor)
may be reacted with a suitable optically active
compound, for example, an alcohol, or, in the case
where the compound contains an acidic or basic moiety,
an acid or base such as tartaric acid or 1-
phenylethylamine. The resulting diastereomeric mixture
may be separated by chromatography and/or fractional
crystallization and one or both of the
diastereoisomers converted to the corresponding pure
enantiomer(s) by means well known to one skilled in
the art. Chiral compounds of the invention (and chiral
precursors thereof) may be obtained in
enantiomerically-enriched form using chromatography,
typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane
or hexane, containing from 0 to 50% isopropanol,
typically from 2 to 20%, and from 0 to 5% of an
alkylamine, typically 0.1% diethylamine. Concentration
of the eluate affords the enriched mixture.
Stereoisomer^ conglomerates may be separated by
conventional techniques known to those skilled in the
art; see, for example, "Stereochemistry of Organic
Compounds" by E L Eliel (Wiley, New York, 1994), the
disclosure of which is incorporated herein by
reference in its entirety. The invention also includes
isotopically-labeled compounds of the invention,
wherein one or more atoms is replaced by an atom
having the same atomic number, but an atomic mass or
mass number different from the atomic mass or mass
number usuallyfound in nature. Examples of isotopes
suitable for inclusion in the compounds of the
invention include isotopes of hydrogen, such as 2H and
3H, carbon, such as 11C, 13C and 14C, chlorine, such
as 36CI, fluorine, such as 18F, iodine, such as 123I
and 125 I, nitrogen, such as 13N and 15N, oxygen, such
as 15O, 17O and 18O, phosphorus, such as 32P, and
sulfur, such as 35S. Certain isotopically-labeled
compounds of the invention, for example, those
incorporating a radioactive isotope, are useful in
drug and/or substrate tissue 



distribution studies. The radioactive isotopes
tritium, 3H, and carbon-14, 14C, are particularly
useful for this purpose in view of their ease of
incorporation and ready means of detection.
Substitution with heavier isotopes such as deuterium,
2H, may afford certain therapeutic advantages
resulting from greater metabolic stability, for
example, increased in vivo half-life or reduced dosage
requirements, and hence may be preferred in some
circumstances. Substitution with positron emitting
isotopes, such as 11C, 18F, 15O and 13N, can be useful
in Positron Emission Topography (PET) studies for
examining substrate receptor occupancy.
Isotopically-labeled compounds of the invention can
generally be prepared by conventional techniques known
to those skilled in the art or by processes analogous
to those described herein, using an appropriate
isotopically-labeled reagent in place of the
non-labeled reagent otherwise employed.
Pharmaceutically acceptable solvates in accordance
with the invention include those wherein the solvent
of crystallization may be isotopically substituted,
e.g. D2O, d6- acetone, d6-DMSO. Compounds of the
invention intended for pharmaceutical use may be
administered as crystalline or amorphous products, or
mixtures thereof. They may be obtained, for example,
as solid plugs, powders, or films by methods such as
precipitation, crystallization, freeze drying, spray
drying, or evaporative drying. Microwave or radio
frequency drying may be used for this purpose. The
compounds can be administered alone or in combination
with one or more other compounds of the invention, or
in combination with one or more other drugs (or as any
combination thereof). Generally, they will be
administered as a formulation in association with one
or more pharmaceutically acceptable excipients. The
term "excipient" is used herein to describe any
ingredient other than the compound(s) of the
invention. The choice of excipient will to a large
extent depend on factors such as the particular mode
of administration, the effect of the excipient on
solubility and stability, and the nature of the dosage
form. Pharmaceutical compositions suitable for the
delivery of compounds of the invention and methods for
their preparation will be readily apparent to those
skilled in the art. Such compositions and methods for
their preparation can be found, for example,
in'Remington's Pharmaceutical Sciences', 19th Edition
(Mack Publishing Company, 1995), the disclosure of
which is incorporated herein by reference in its
entirety. Oral Administration The compounds of the
invention may be administered orally. Oral
administration may involve swallowing, so that the
compound enters the gastrointestinal tract, or buccal
or sublingual administration may be employed by which
the compound enters the blood stream directly from the
mouth. Formulations suitable for oral administration
include solid formulations such as tablets, capsules
containing particulates, liquids, or powders, lozenges
(including liquidfilled), chews, multi- and
nano-particulates, gels, solid solution, liposome,
films (including muco-adhesive), ovules, sprays and
liquid formulations. Liquid formulations include
suspensions, solutions, syrups and elixirs. Such
formulations may be used as fillers in soft or hard
capsules and typically include a carrier, for example,
water, ethanol, polyethylene glycol, propylene glycol,
methylcellulose, or a suitable oil, and one or more
emulsifying agents and/or suspending agents. Liquid
formulations may also be prepared by the
reconstitution of a solid, for example, from a sachet.
The compounds of the invention may also be used in
fast-dissolving, fastdisintegrating dosage forms such
as those described in Expert Opinion in Therapeutic
Patents, H (6), 981-986 by Liang and Chen (2001), the
disclosure of which is incorporated herein by
reference in its entirety. For tablet dosage forms,
depending on dose, the drug may make up from 1 wt% to
80 wt% of the dosage form, more typically from 5 wt%
to 60 wt% of the dosage form. In addition to the drug,
tablets generally contain a disintegrant. Examples of
disintegrants include sodium starch glycolate, sodium
carboxymethyl cellulose, calcium carboxymethyl
cellulose, croscarmellose sodium, crospovidone,
polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, lower alkyl-substituted
hydroxypropyl cellulose, starch, pregelatinized starch
and sodium alginate. Generally, the disintegrant will
comprise from 1 wt% to 25 wt%, preferably from 5 wt%
to 20 wt% of the dosage form. Binders are generally
used to impart cohesive qualities to a tablet
formulation. Suitable binders include microcrystalline
cellulose, gelatin, sugars, polyethylene glycol,
natural and synthetic gums, polyvinylpyrrolidone,
pregelatinized starch, hydroxypropyl cellulose and
hydroxypropyl methylcellulose. Tablets may also
contain diluents, such as lactose (monohydrate,
spray-dried monohydrate, anhydrous and the like),
mannitol, xylitol, dextrose, sucrose, sorbitol,
microcrystalline cellulose, starch and dibasic calcium
phosphate dihydrate.Tablets may also optionally
include surface active agents, such as sodium lauryl
sulfate and polysorbate 80, and glidants such as
silicon dioxide and talc. When present, surface active
agents are typically in amounts of from 0.2 wt% to 5
wt% of the tablet, and glidants typically from 0.2 wt%
to 1 wt% of the tablet. Tablets also generally contain
lubricants such as magnesium stearate, calcium
stearate, zinc stearate, sodium stearyl fumarate, and
mixtures of magnesium stearate with sodium lauryl
sulphate. Lubricants generally are present in amounts
from 0.25 wt% to 10 wt%, preferably from 0.5 wt% to 3
wt% of the tablet. Other conventional ingredients
include anti-oxidants, colorants, flavoring agents,
preservatives and taste-masking agents. Exemplary
tablets contain up to about 80 wt% drug, from about 10
wt% to about 90 wt% binder, from about 0 wt% to about
85 wt% diluent, from about 2 wt% to about 10 wt%
disintegrant, and from about 0.25 wt% to about 10 wt%
lubricant. Tablet blends may be compressed directly or
by roller to form tablets. Tablet blends or portions
of blends may alternatively be wet-, dry-, or
melt-granulated, melt congealed, or extruded before
tabletting. The final formulation may include one or
more layers and may be coated or uncoated; or
encapsulated. The formulation of tablets is discussed
in detail in "Pharmaceutical Dosage Forms: Tablets,
Vol. 1", by H. Lieberman and L. Lachman, Marcel
Dekker, N.Y., N.Y., 1980 (ISBN 0-8247-691 8-X), the
disclosure of which is incorporated herein by
reference in its entirety. Solid formulations for oral
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted and programmed release. Suitable modified
release formulations are described in U.S. Patent No.
6,106,864. Details of other suitable release
technologies such as high energy dispersions and
osmotic and coated particles can be found in Verma et
al, Pharmaceutical Technology On-line, 25(2), 1-14
(2001). The use of chewing gum to achieve controlled
release is described in WO 00/35298. The disclosures
of these references are incorporated herein by
reference in their entireties. Parenteral
Administration The compounds of the invention may also
be administered directly into the blood stream, into
muscle, or into an internal organ. Suitable means for
parenteral administration include intravenous,
intraarterial, intraperitoneal, intrathecal,
intraventricular, intraurethral, intrastemal,
intracranial, intramuscular and subcutaneous. Suitable
devices for parenteral administration include needle
(including microneedle) injectors, needle-free
injectors and infusion techniques.Parenteral
formulations are typically aqueous solutions which may
contain excipients such as salts, carbohydrates and
buffering agents (preferably to a pH of from 3 to 9),
but, for some applications, they may be more suitably
formulated as a sterile non aqueous solution or as a
dried form to be used in conjunction with a suitable
vehicle such as sterile, pyrogen-free water. The
preparation of parenteral formulations under sterile
conditions, for example, by lyophilization, may
readily be accomplished using standard pharmaceutical
techniques well known to those skilled in the art. The
solubility of compounds of the invention used in the
preparation of parenteral solutions may be increased
by the use of appropriate formulation techniques, such
as the incorporation of solubility-enhancing agents.
Formulations for parenteral administration may be
formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, 



pulsed-, controlled-, targeted and programmed release.
Thus compounds of the invention may be formulated as a
solid, semi-solid, or thixotropic liquid for
administration as an implanted depot providing
modified release of the active compound. Examples of
such formulations include drug-coated stents and PGLA
microspheres. Topical Administration The compounds of
the invention may also be administered topically to
the skin or mucosa, that is, dermally or
transdermally. Typical formulations for this purpose
include gels, hydrogels, lotions, solutions, creams,
ointments, dusting powders, dressings, foams, films,
skin patches, wafers, implants, sponges, fibers,
bandages and microemulsions. Liposomes may also be
used. Typical carriers include alcohol, water, mineral
oil, liquid petrolatum, white petrolatum, glycerin,
polyethylene glycol and propylene glycol. Penetration
enhancers may be incorporated; see, for example, J
Pharm Sci, 88 (10), 955- 958 by Finnin and Morgan
(October 1999). Other means of topical administration
include delivery by electroporation, iontophoresis,
phonophoresis, sonophoresis and microneedle or
needle-free (e.g. Powderject(tm), Bioject(tm), etc.)
injection. The disclosures of these references are
incorporated herein by reference in their entireties.
Formulations for topical administration may be
formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. Inhaled/lntranasal Administration
The compounds of the invention can also be
administered intranasally or by inhalation, typically
in the form of a dry powder (either alone, as a
mixture, for example, ina dry blend with lactose, or
as a mixed component particle, for example, mixed with
phospholipids, such as phosphatidylcholine) from a dry
powder inhaler or as an aerosol spray from a
pressurized container, pump, spray, atomizer
(preferably an atomizer using electrohydrodynamics to
produce a fine mist), or nebulizer, with or without
the use of a suitable propellant, such as
1,1,1,2-tetrafluoroethane or
1,1,1,2,3,3,3-heptafluoropropane. For intranasal use,
the powder may include a bioadhesive agent, for
example, chitosan or cyclodextrin. The pressurized
container, pump, spray, atomizer, or nebulizer
contains a solution or suspension of the compound(s)
of the invention comprising, for example, ethanol,
aqueous ethanol, or a suitable alternative agent for
dispersing, solubilizing, or extending release of the
active, a propellant(s) as solvent and an optional
surfactant, such as sorbitan trioleate, oleic acid, or
an oligolactic acid. Prior to use in a dry powder or
suspension formulation, the drug product is micronized
to a size suitable for delivery by inhalation
(typically less than 5 microns). This may be achieved
by any appropriate comminuting method, such as spiral
jet milling, fluid bed jet milling, supercritical
fluid processing to form nanoparticles, high pressure
homogenisation, or spray drying. Capsules (made, for
example, from gelatin or HPMC), blisters and
cartridges for use in an inhaler or insufflator may be
formulated to contain a powder mix of the compound of
the invention, a suitable powder base such as lactose
or starch and a performance modifier such as
/-leucine, mannitol, or magnesium stearate. The
lactose may be anhydrous or in the form of the
monohydrate, preferably the latter. Other suitable
excipients include dextran, glucose, maltose,
sorbitol, xylitol, fructose, sucrose and trehalose. A
suitable solution formulation for use in an atomizer
using electrohydrodynamics to produce a fine mist may
contain from 1mg to 20mg of the compound of the
invention per actuation and the actuation volume may
vary from 1ml_ to 100mL A typical formulation includes
a compound of the invention, propylene glycol, sterile
water, ethanol and sodium chloride. Alternative
solvents which may be used instead of propylene glycol
include glycerol and polyethylene glycol. Suitable
flavors, such as menthol and levomenthol, or
sweeteners, such as saccharin or saccharin sodium, may
be added to those formulations of the invention
intended for inhaled/intranasal administration.
Formulations for inhaled/intranasal administration may
be formulated to be immediate and/or modified release
using, for example, po!y(DL-lactic-coglycolic acid
(PGLA). Modified release formulations include
delayed-, sustained-, pulsed-, controlled-, targeted
and programmed release.In the case of dry powder
inhalers and aerosols, the dosage unit is determined
by means of a valve which delivers a metered amount.
Units in accordance with the invention are typically
arranged to administer a metered dose or "puff'
containing a desired mount of the compound of the
invention. The overall daily dose may be administered
in a single dose or, more usually, as divided doses
throughout the day. Rectal/lntravaqinal Administration
Compounds of the invention may be administered
rectally or vaginally, for example, in the form of a
suppository, pessary, or enema. Cocoa butter is a
traditional suppository base, but various alternatives
may be used as appropriate. Formulations for
rectal/vaginal administration may be formulated to be
immediate and/or modified release. Modified release
formulations include delayed-, sustained-, pulsed-,
controlled-, targeted and programmed release. Ocular
Administration Compounds of the invention may also be
administered directly to the eye or ear, typically in
the form of drops of a micronized suspension or
solution in isotonic, pHadjusted, sterile saline.
Other formulations suitable for ocular and aurai
administration include ointments, biodegradable (e.g.
absorbable gel sponges, collagen) and non
biodegradable (e.g. silicone) implants, wafers, lenses
and particulate or vesicular systems, such as niosomes
or liposomes. A polymer such as crossed-linked
polyacrylic acid, polyvinylalcohol, hyaluronic acid, a
cellulosic polymer, for example,
hydroxypropylmethylcellulose, hydroxyethylcellulose,
or methyl cellulose, or a heteropolysaccharide
polymer, for example, gelan gum, may be incorporated
together with a preservative, such as benzalkonium
chloride. Such formulations may also be delivered by
iontophoresis. Formulations for ocular/aural
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted, or programmed release. Other Technologies
Compounds of the invention may be combined with
soluble macromolecular entities, such as cyclodextrin
and suitable derivatives thereof or polyethylene
glycolcontaining polymers, in order to improve their
solubility, dissolution rate, taste-masking,
bioavailability and/or stability for use in any of the
aforementioned modes of administration.
Drug-cyclodextrin complexes, for example, are found to
be generally useful for most dosage forms and
administration routes. Both inclusion and
non-inclusion complexes may be used. As an alternative
to direct complexation with the drug, the cyclodextrin
may be used as an auxiliary additive, i.e. as a
carrier, diluent, or solubilizer. Most commonlyused
for these purposes are alpha-, beta- and
gamma-cyclodextrins, examples of which may be found in
PCT Publication Nos. WO 91/11172, WO 94/02518 and WO
98/55148, the disclosures of which are incorporated
herein by reference in their entireties. Dosage The
amount of the active compound administered will be
dependent on the subject being 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 typically in the range of about
0.001 to about 100 mg per kg body weight per day,
preferably about 0.01 to about 35 mg/kg/day, in single
or divided doses. For a 70 kg human, this would amount
to about 0.07 to about 7000 mg/day, preferably about
0.7 to about 2500 mg/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 used without causing any harmful
side effect, with such larger doses typically divided
into several smaller doses for administration
throughout the day. Kit-of-Parts Inasmuch as it may
desirable to administer a combination of active
compounds, for example, for the purpose of treating a
particular disease or condition, it is within the
scope of the present invention that two or more
pharmaceutical compositions, at least one of which
contains a compound in accordance with the invention,
may conveniently be combined in the form of a kit
suitable for coadministration of the compositions.
Thus the 



kit of the invention includes two or more separate
pharmaceutical compositions, at least one of which
contains a compound of the invention, and means for
separately retaining said compositions, such as a
container, divided bottle, or divided foil packet. An
example of such a kit is the familiar blister pack
used for the packaging of tablets, capsules and the
like. The kit of the invention is particularly
suitable for administering different dosage forms, for
example, oral and parenteral, for administering the
separate compositions at different dosage intervals,
or for titrating the separate compositions against one
another. To assist compliance, the kit typically
includes directions for administration and may be
provided with a memory aid. Examples In the following
examples and preparations, "BOC", "Boc" or "boc"
refers to N-ferfbutoxycarbonyl, "CBZ" refers to
carbobenzyloxy, "DCE" refers to dichloroethane, "DCM"
refers to dichloromethane, DIC" refers to
diisopropylcarbodiimide, "DIPEA" or "DIEA" refers to
diisopropyl ethyl amine, DMA refers to
N,N-dimethylacetamide, "DME" refers to
1,2-dimethoxyethane, "DMF" refers to dimethyl
formamide, "DMSO" refers to dimethylsulfoxide, "DPPP"
refers to 1,3-bis(diphenylphosphino)propane, "HATU"
refers to0-(7-azabenzotriazol-1-yl)-
L/,A/,L/',L/-tetramethyluronium hexafluorophosphate,
"HBTU" refers to O-benzotriazol-1-yl-N,
L/,L/',L/-tetramethyluronium hexafluorophosphate,
"HOAc" refers to acetic acid, "HOBt" refers to
1-hydroxybenzotriazole hydrate, "IPA" refers to
isopropyl alcohol, "LAH" refers to lithium aluminum
hydride, "LiHMDS" refers to lithium
bis(trimethylsilyl)amide, "MTBE" refers to methyl
t-butyl ether, "NMP" refers to 1-methyl 2-
pyrrolidinone, "TEA" refers to triethyl amine, "TFA"
refers to trifluoro acetic acid, "TIPS" referst to
triisopropylsilyl- and "TrP refers to triphenylmethyk
Specific examples : Route Il (tail-first) Example 1:
(1S)-2-(dimethylamino)-1-phenylethyl
3-(benzoylamino)-6,6-dimethyl-
4,6-dihydropyrrolo[3,4-c]pyrazole-5(1H)-carboxylate.
Preparation of Compound 1a: 5-terf-butyl 2-ethyl
3-(benzoylamino)-6,6-
dimethylpyrrolo[3,4-c]pyrazole-2,5(4H,6H)-dicarboxylat
e. To a cooled (0 C) and stirred solution of of l(g)
(12.0 g, 37.0 mmol) and DIPEA (13.0 mL, 74.0 mmol) in
dichloromethane (100 mL) was drop wise added a
solution of benzoyl chloride (5.75 g, 40.7 mmol) in
dichloromethane (50 mL). The resulting clear solution
was stirred at room temperature for 12 h. The reaction
mixture was washed with water (2 x 75 mL), dried over
Na2SO4, filtered and concentrated. The residue was
purified on silica gel column chromatography (40 %
ethyl acetate in hexane) to give amide 1a ( 15.0 g,
95.0 %) as an off-white solid. 1H NMR (300 MHz, CDCI3)
d: 1.44 - 1.56 (m, 12 H) 1.69 (s, 3 H) 1.75 (s, 3 H)
4.58 (q, J=7.10 Hz, 2 H) 4.74 (s, 1 H) 4.79 (s, 1 H)
7.44 - 7.64 (m, 3 H) 7.87 - 7.96 (m, 2 H) 10.97 -
11.11 (m, 1 H).PYRIMIDINE DERIVATIVES FOR THE
TREATMENT OF ABNORMAL CELL GROWTH Background of the
Invention This invention relates to novel pyrimidine
derivatives that are useful in the treatment of
abnormal cell growth, such as cancer, in mammals. This
invention also relates to a method of using such
compounds in the treatment of abnormal cell growth in
mammals, especially humans, and to pharmaceutical
compositions containing such compounds. It is known
that a cell may become cancerous by virtue of the
transformation of a portion of its DNA into an
oncogene (Le1, a gene which, on activation, leads to
the formation of malignant tumor cells). Many
oncogenes encode proteins that are aberrant tyrosine
kinases capable of causing cell transformation.
Alternatively, the overexpression of a normal
proto-oncogenic tyrosine kinase may also result in
proliferative disorders, sometimes resulting in a
malignant phenotype. Receptor tyrosine kinases are
enzymes which span the cell membrane and possess an
extracellular binding domain for growth factors such
as epidermal growth factor, a transmembrane domain,
and an intracellular portion which functions as a
kinase to phosphorylate specific tyrosine residues in
proteins and hence to influence cell proliferation.
Other receptor tyrosine kinases include c-erbB-2,
c-met, tie-2, PDGFr, FGFr, and VEGFR. It is known that
such kinases are frequently aberrantly expressed in
common human cancers such as breast cancer,
gastrointestinal cancer such as colon, rectal or
stomach cancer, leukemia, and ovarian, bronchial or
pancreatic cancer. It has also been shown that
epidermal growth factor receptor (EGFR), which
possesses tyrosine kinase activity, is mutated and/or
overexpressed in many human cancers such as brain,
lung, squamous cell, bladder, gastric, breast, head
and neck, oesophageal, gynecological and thyroid
tumors. Accordingly, it has been recognized that
inhibitors of receptor tyrosine kinases are useful as
selective inhibitors of the growth of mammalian cancer
cells. For example, erbstatin, a tyrosine kinase
inhibitor, selectively attenuates the growth in
athymic nude mice of a transplanted human mammary
carcinoma that expresses epidermal growth factor
receptor tyrosine kinase (EGFR) but is without effect
on the growth of another carcinoma that does not
express the EGF receptor. Thus, selective inhibitors
of certain receptor tyrosine kinases, are useful in
the treatment of abnormal cell growth, in particular
cancer, in mammals. In addition to receptor tyrosine
kinses, selective inhibitors of certain non-receptor
tyrosine kinases, such as FAK (focal adhesion kinase),
lck, src, abl or serine/threonine kinases (e.g.,
cyclin dependent kinases), are useful in the treatment
of abnormal cell growth, in particular cancer, in
mammals. FAK is also known as the Protein-Tyrosine
Kinase 2, PTK2. The below relates to FAK inhibitors:
Convincing evidence suggests that FAK, a cytoplasmic,
non-receptor tyrosine kinase, plays an essential role
in cell-matrix signal transduction pathways (Clark and
Brugge 1995,Science 268: 233-239) and its aberrant
activation is associated with an increase in the
metastatic potential of tumors (Owens et al. 1995,
Cancer Research 55: 2752-2755). FAK was originally
identified as a 125 kDa protein highly
tyrosine-phosphorylated in cells transformed by v-Src.
FAK was subsequently found to be a tyrosine kinase
that localizes to focal adhesions, which are contact
points between cultured cells and their underlying
substratum and sites of intense tyrosine
phosphorylation. FAK is phosphorylated and, thus,
activated in response to extracellular matrix
(ECM)-binding to integrins. Recently, studies have
demonstrated that an increase in FAK mRNA levels
accompanied invasive transformation of tumors and
attenuation of the expression of FAK (through the use
of antisense oligonucleotides) induces apoptosis in
tumor cells (Xu et al. 1996, Cell Growth and Diff. 7:
413-418). In addition to being expressed in most
tissue types, FAK is found at elevated levels in most
human cancers, particularly in highly invasive
metastases. Various compounds, such as styrene
derivatives, have also been shown to possess tyrosine
kinase inhibitory properties. Five European patent
publications, namely EP 0 566 226 A 1 (published
October 20, 1993), EP 0 602 851 A 1 (published June
22, 1994), EP 0 635 507 A 1 (published January 25,
1995), EP 0 635 498 A 1 (published January 25, 1995),
and EP 0 520 722 A 1 (published December 30, 1992),
refer to certain bicyclic derivatives, in particular
quinazoline derivatives, as possessing anti-cancer
properties that result from their tyrosine kinase
inhibitory properties. Also, World Patent Application
WO 92/20642 (published November 26, 1992), refers to
certain bis-mono and bicyclic aryl and heteroaryl
compounds as tyrosine kinase inhibitors that are
useful in inhibiting abnormal cell proliferation.
World Patent Applications WO96/16960 (published June
6, 1996), WO 96/09294 (published March 6, 1996), WO
97/30034 (published August 21, 1997), WO 98/02434
(published January 22, 1998), WO 98/02437 (published
January 22, 1998), and WO 98/02438 (published January
22, 1998), also refer to substituted bicyclic
heteroaromatic derivatives as tyrosine kinase
inhibitors that are useful for the same purpose. In
addition, the following list of publications relate to
bismono and bicyclic aryl and heteroaryl compounds
that may optionally be used as tyrosine kinase
inhibitors: WO 03/030909, WO 03/032997, US Patent
Application No. 2003/0181474, US Patent Application
No. 2003/0162802, US Patent No. 5,863,924, WO
03/078404, US Patent No. 4,507146, WO 99/41253, WO
01/72744, WO 02/48133, US Patent Application No.
2002/156087, WO 02/102783, and WO 03/063794. U.S.
Patent Application Serial No. 10/734,039, filed
December 11, 2003 (Attorney Docket No. PC25339A)
relates to a broad class of novel pyrimidine
derivatives that are kinase inhibitors, and more
specifically, inhibitors of FAK. Moreover, U.S. Patent
Application Serial No. 10/733,215, filed December 11,
2003 (Attorney Docket No. PC25937A) relate more
specifically to a subset of pyrimidine derivatives,
i.e., those bearing a 5-aminooxindole, whichare
tyrosine kinase inhibitors, and more particularly, FAK
inhibitors. Compounds such as these are useful in the
treatment of abnormal cell growth. The below relates
to Aurora-2 inhibitors: Many kinases are involved in
regulatory cascades for cells wherein their substrates



may include other kinases whose activities are
regulated by their phosphorylation state. Ultimately
the activity of some downstream effector is modulated
by phosphorylation resulting from activation of such a
pathway. The serine/threonine (SfT) kinase family
includes members found at all steps of various
signaling cascades, including those involved in
controlling cell growth, migration, differentiation
and secretion of hormones, phosphorylation of
transcription factors resulting in altered gene
expression, muscle contraction, glucose metabolism,
control of cellular protein synthesis, and regulation
of the cell cycle. One family of mitotic
serine/threonine kinases is the Aurora (AUR) kinase
family. The AUR kinase family has been found to be
essential for providing signals that initiate and
advance mitosis. It has been found that the Aurora
kinases are overexpressed in tumor types, including
colon cancer, breast cancer, and leukemia. Two primary
isoforms of Aurora kinases have been identified and
designated as form A and B. Aurora A is also known as
Aurora-2 (AUR2), STK6, ARK1, Aurora/IPL1 -related
kinase, while Aurora B is also known as Aurora 1 or
AUR1 . The Aurora kinases have been characterized and
identified in United States Patent Nos. 5,962,312 and
5,972,676 (a divisional from the '312 patent) which
relate to Aurora 1 (AUR-1) and Aurora-2 (AUR-2)
polypeptides, nucleic acids encoding such
polypeptides, cells, tissues and animals containing
such nucleic acids, antibodies to such polypeptides,
assays utilizing such polypeptides, and methods
relating to all of the foregoing. The overexpression
of Aurora kinases, especially Aurora-2, in tumor cells
provides an attractive target for drug intervention
and the potential for a significant opportunity for
controlling cell division in many types of cancer, and
in particular for colon cancer and breast cancer.
Applicants have now identified novel heteroaromatic
Aurora kinase inhibitors which are able to modulate
(reduce) that activity of the Aurora kinases in cancer
cells. Accordingly, a need exists for additional
selective inhibitors of certain receptor and
non-receptor tyrosine kinases, useful in the treatment
of abnormal cell growth, such as cancer, in mammals.
The present invention provides novel pyrimidine
derivatives that are kinase inhibitors and inhibitors
of the non-receptor tyrosine kinases, e.g., FAK, Pyk,
HgK, Aurora-1 and Aurora-2, and are useful in the
treatment of abnormal cell growth.Summary of the
Invention The present invention relates to a compound
of formula I: wherein Ar is 111 or a pharmaceutically
acceptable salt thereof, wherein K is C(R1) or N M is
C(H) or N; Q is C(D) or N; D is a substituent selected
from the group consisting of hydrogen, halogen, -CF3,
-NO2, -CN, -(C1-C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C2-C6)perfluorinated alkyl, -(C2-
C6)perfluorinated alkenyl, -(C3-C6)perfluorinated
alkynyl, -(C3-C7)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl, -(CrC
9)heterocyclyl, -(C1- C10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C6-C10 )aryl,
-(C1-C9)heteroaryl, -(C6-C10)perfluorinated aryl,
-(CrC 9)perfluorinated heteroaryl, -NR3R4, -OR5,
-C(O)R5, -CO2R5, -CONR3R4, -SR6, -SOR6, -SO2R6,
-SO2NR3R4, -NHCOR5, -NR3CONR3R4, and -NR3SO2R6,
wherein said -(C1-C6)alkyl, -(C2-C6)alkenyl, -(C2-
C6)alkynyl, -(C3-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl, -(Cr
C9)heterocyclyl, -(C1-C10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C6-C10)aryl,
-(C1-C6)heteroaryl, -NR3R4, -OR5, -C(O)R5, -CO2R5,
-CONR3R4, -SR6, -SOR6, -SO2R6, -SO2NR3R4, -NHCOR5,
-NR3CONR3R4, and -NR 3SO2R6 D substituents are
optionally substituted by one to threesubstituents
independently selected from the group consisting of
hydrogen, halogen, -CF3, -NO2, -CN, -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6JaIkynyl, -CR3=N-NR3R4,
-CR3=N-OR5, -CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5,
-NR3R4, -OR5, -(C3-C7)cycloalkyl, -(C2-
C9)heterocyclyl, -CO2R5, -CONR3R4, -SR6, -SOR6,
-SO2R6, -SO2NR3R4, -NHCOR5, -NR3CONR3R4, and -NR
3SO2R6, and wherein each of said -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C2- C6)alkynyl, -(C3-C7)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6-Ci 0)bicycloalkyl,
-(C6-C10)bicycloal kenyl, -(C1-Cg)heterocyclyl,
-(C1-C10)heterocycloal kenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C6-C10)aryl, and -(CrC
9)heteroaryl substituents is optionally interrupted by
one to three elements independently selected from the
group consisting of -C(R3)=C(R3)-, -C(O)-, -(C=N-R
3)-, -(C=N-NR 3R4)-, -C=N-N-C(O)-R 5, -C=N-N-C(O)OR 3,
-(C=CR3R4)-, -(C=C(R3JC(O)-NR3R4))-,
-(C=C(R3)C(O)OR6)-, -SO2- , -S-, -O- and -NR3- ; R1
and R2 are the same or different and are independently
selected from the group consisting of hydrogen,
halogen, -CF3, -NO2, -CN, -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C2-C6)perfluorinated alkyl, -(C2-C6)perfluorinated
alkenyl, -(C3- C6)perfluorinated alkynyl,
-(C3-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Cio)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,-(C
6-C9)heterobicycloalkenyl, -(C6-C10)aryl, -(CrC
9)heteroaryl, -(C6-C10)perfluorinated aryl,
-(CrQOperfluorinated heteroaryl, -OR5, -C(O)R5,
-CO2R5, -CONR3R4, -SR6, -SOR6, -SO2R6, -SO2NR3R4,
-NHCOR 5, -NR3CONR3R4, wherein said -(C1- C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl-, -(C3-C7)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6-C10)bicycloalkyl,
-(C6-C10)bicycloalkenyl, -(C2-C9)heterocyclyl, -(C2-
C10)heterocycloalkenyl, -(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C6- C10)aryl and
-(Ci-C 9)heteroaryl may optionally be substituted with
one to three moieties independently selected from R5
and R6, and wherein n is an integer from Oto 4; RE is
a substituent selected from the group consisting of
hydrogen, -(C2- C6)perfluorinated alkyl,
-(C2-C6)perfluorinated alkenyl, -(C3-C6)perfluorinated
alkynyl, -NR3R4, -OR5, -C(O)R 5, -CO2R5, -CONR3R4,
-SR6, -SOR6, -SO2R6, -SO2NR3R4, -NHCOR5, -NR3CONR3R4,
-NR 3SO2R6, -(C3-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl,-(C6-C10)bicycloalkenyl,
-(CrCgJheterocyclyi.^CrC^Jheterocycloalkenyl, -(C6-
C9)heterobicycloalkyl, -(C6-C9)heterobicycloalkenyl,
-(C6-C10)aryl, -(Cr C9)heteroaryl,
-(C6-Cio)perfluorinated aryl, -(CrCgJperfluorinated
heteroaryl; wherein said -(Cr C6)alkyl -(C3-
C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-Cio)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl, -(C1-
C9)heterocyclyl, -(Cr Cio)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C6-
C9)heterobicycloalkenyl, -(C6-C10 )aryl and -(Ci-C
9)heteroaryl RE substituents are optionally
substituted by one to three moieties independently
selected from the group consisting of hydrogen,
halogen, -(Cr C6)alkyl, -CN, -NR3R4, -OR5,
-(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl, -CO2R5,
-SO2NR3R4, -NR3SO2R6, -SO2R6 and -CONR 3R4; each RF is
a substituent independently selected from the group
consisting of hydrogen, -(Cr C6)alkyl,
-(C2-C6)perfluorinated alkyl, -(C2-C6)perfluorinated
alkenyl, -(C3- C6)perfluorinated alkynyl,
-(C3-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2-Ci 0)heterocycloalkenyl,
-(C6- C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -O(CrC 6)alkyi, -0(C
3-C7)cycloalkyl, -NR3R4, -SR6, -SOR6, -SO2R6, -CO2R5,
-CONR3R4, -SO2NR3R4, -NHCOR5, -NR3CONR3R4, and -NR
3SO2R6; wherein said -(Cr C6)alkyl,
-(C3-C7)cycloalkyl, -(C5-Cio)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -0(C 1- Cb)alkyl,
-O(C3-C7)cycloalkyl, -O(C2-C9)heterocyclyl, -NR3R4,
-SR6, -SOR6, -SO2R6, -CO2R5, -CONR3R4, - SO2NR3R4,
-NHCOR5, -NR3CONR3R4, and -NR5SO2R6 RF substituents
are optionally substituted by one to three moieties
independently selected from the group consisting of
hydrogen, halogen, -CF3, -CN, -(d-C bJalkyl, -NR3R4,
-OR5, -(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl,
-CO2R5, and -CONR 3R4; each RG is a substituent
independently selected from the group consisting of
hydrogen, -(Cr C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C2-C6)perfluorinated alkyl, -(C2-
C6)perfluorinated alkenyl, -(C3-C6)perfluorinated
alkynyl, -(C3-C7)cycloalkyl, -(C5- C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2- C10)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -CO2R5, and -CONR3R4,
wherein said -(Cr C6)alkyl, -(C2-C6)alkenyl, -(C2-C6 a
Ikynyl, -(C3-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, and
-(C6-C9)heterobicycloalkenyl RG substituents, are
optionally substituted by one to three moieties
independently selected from the group consisting of
hydrogen, halogen, -CF3, -NO2, -CN, -(Ci-C 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -CR3=N-NR3R4,
-CR3=N-OR5, -CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5,
-NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2R5, -CONR3R4, -SR6, -SOR6,
-SO2R6, -SO2NR3R4, -NHCOR5, -NR3CONR3R4, and -NR
3SO2R6, wherein said -(C r C6)alkyl,-(C 2-C6)alkenyl
and -(C 2-C6)alkynyl RG moieties may be optionally
substituted by one to three 



R10 groups; RE and RH may be taken together with the
atom(s) to which they are attached to form a
-(C2-Cg)heterocyclyl, -(C2-Ci 0)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, wherein said
-(C2-C9)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C5-C10)heterobicycloalkyl and -(C6-Ci
0)heterobicycloalkenyl are optionally interrupted by
one to three elements independently selected from the
group consisting of -C(R3J=C(R3)-, -C(O)-, -(C=N-R
3)-, -(C=N-NR 3R4)-, -C=N-N-C(O)-R 5, -C=N-N-C(O)OR 3,
-(C=CR3R4)-, -(C=C(R3)C(O)-NR 3R4))-,
-(C=C(R3JC(O)OR6)-, -SO2-, -S-, -O- and -NR3- , and
wherein said -(C2-C9)heterocyclyl,
-(C2-C10)heterocycloalkenyl,
-(C5-C10)heterobicycloalkyl and
-(C6-C10)heterobicycloalkenyl is optionally
substituted by one to three moieties independently
selected from the group consisting of hydrogen,
halogen, -CF3, -NO2, -CN, -(Cr C6)alkyl, -(C2-
C6)alkenyl, -(C2-C6)alkynyl, -CR3=N-NR3R4, -CR3=N-OR5,
-CR3=N-NR3C(O)R3, -CR3=NNR3C( O)OR 5, -NR3R4, -OR5,
-(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl, -CO2R5,
-CONR3R4, -SR6, -SOR6, -SO2R6, -SO2NR3R4, -NHCOR 5,
-NR3CONR3R4, and -NR 3SO2R6; RH is a substituent
selected from the group consisting of: (a) hydrogen;
(b) -(C6-C10)aryl or -(CrCgJheteroaryl, optionally
substituted by one to three moieties independently
selected from the group consisting of halogen,
hydroxy, -(C-pCeJalkyl, -(C-|-C6)alkyl-P(O)(O(C r
C6)alkyl)2, -(C3-C10)cycloalkyl, -(C6-C10)aryl,
-(C2-C9)heterocyclyl, -(CrQOheteroaryl, -NR3R4,
-NHSO2(Cr C6)alkyl, -NHSO2(C3-C6)cycloalkyl, -N((C r
C6)alkyl)(SO 2-(C1-C6)alkyl), -N((Cr C6)alkyl)(SO
2(C3-C6)cycloalkyl), -N((C3-C6)cycloalkyl)(SO 2- (Cr
C6)alkyl), -N((C 3-C6)cycloalkyl)(SO
2(C3-C6)cycloalkyl), -O(Ct C6)alkyl, -0-SO
2(C1-C6)alkyl, -O-SO 2(C3-C6)cycloalkyl, -C(O)(C r
C6)alkyl, -C(O)CF 3, -C(O)(C 3-C10)cycloalkyl, -C(O)(C
6- C10)aryl, -C(O)(C 2-C9)heterocyclyl, -C(O)(CrC
9)heteroaryl, -C(O)O(C r C6)alkyl, -C(O)O(C 3-
C10)cycloalkyl, -C(O)O(C6-C10)aryl, -C(O)O(C
2-C9)heterocyclyl, -C(O)O(C r C9)heteroaryl, -C(O)(C
1-C6)alkyl-O(C 1-C6)alkyl, -SO2(CrC 6)alkyl,
-SO2(C3-C6)cycloalkyl, -SO2CF3, -SO2NH2,
-SO2NH(C1-C6)alkyl, -SO2NH(C3-C6)cycloalkyl,
-SO2N((CrC 6)alkyl)2, -SO2N((Cr C6)alkyl)((C 3-
C6)cycloalkyl), -SO2N((C3-C6)cycloalkyl) 2 and
-SO2NR3R4, wherein said -(C6-C10) aryl or -(C1- Cg)
heteroaryl are optionally interrupted by one to three
elements selected from the group consisting of -S-,
-0-, -N-, -NH- and -NR 11 , and wherein said -(C6-C10)
aryl or -(C1-C9) heteroaryl are optionally fused to a
-(C3-C10)cycloalkyl or -(C2-C8)heterocyclyl moiety,
and wherein said -(C3-C10)cycloalkyl or
-(C2-C9)heterocyclyl moieties are optionally
substituted by one to three elements selected from the
group consisting of halogen, hydroxy, -(Cr C6)alkyl,
-(C1-C6)alkyl-P(O)(O(C 1-C6)alkyl)2,
-(C3-C10)cycloalkyl, -(C6-C10)aryl,
-(C2-C9)heterocyclyl, -(Cr C9)heteroaryl, -NR3R4,
-NHSO 2(CrC 6)alkyl, -NHSO2(C3-C6)cycloalkyl, -N((C
C6)alkyl)(SO 2-(C1-C6)alkyl), -N((Cr C6)alkyl)(SO
2(C3-C6)cycloalkyl), -N((C3-C6)cycloalkyl)(S0 2-(Cr
C6)alkyl) -N((C3-C6)cycloalkyl)(SO
2(C3-C6)cycloalkyl), -O(C1-C6 )alkyl, -O-SO2(C1-C6
)alkyl, -O-SO2(C3-C6)cycloalkyl, -C(O)(C 1-C6)alkyl,
-C(O)CF 3, -C(O)(C 3-C10)cycloalkyl, -C(O)(C 6-
C10)aryl, -C(O)(C 2-C9)heterocyclyl, -C(O)(CrC
g)heteroaryl, -C(O)O(C 1-C6)alkyl, -C(O)O(C 3-
C10)cycloalkyl, -C(O)O(C 6-C10)aryl, -C(O)O(C
2-C9)heterocyclyi, -C(O)O(C 1-C9)heteroaryl, -C(O)(CrC
6)alkyl-O(C r C6)alkyl, -SO2(C1-C6)alkyl,
-SO2(C3-C6)cycloalkyl, -SO2CF3, -SO2NH2,
-SO2NH(C1-C6)alkyl, -SO2NH(C3-C6)cycloalkyl,
-SO2N((C1-C6 )alkyl)2 -SO2N((C1-C6)alkyl)((C 3-
C6)cycloalkyl), -SO2N((C3-C6)cycloalkyl)2 and
-SO2NR3R4; (c) -(C3-C7)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6-C10)bicycloalkyl,
-(C6-C10)bicycloalkenyl, -(C2-C9)heterocyclyl,
-(C2-C10)heterocycloalkenyl, -(C6-
C9)heterobicycloalkyl, -(C6-C9)heterobicycloalkenyl
and -(CrC 6)alkyl-(C2-C9) heterocyclyl, optionally
substituted by one to three moieties independently
selected from the group consisting of halogen,
hydroxy, -(C1-C6 )alkyl, -(C1-C6)alkyl-P(O)(O(C
1-C6)alkyl)2, -(C3- C10)cycloalkyl, -(C6-C10)aryl,
-(C2-C9)heterocyclyl, -(C1-C9)heteroaryl, -NR3R4,
-NSO2(C1- C6)alkyl, -NHSO2(C3-C6)cycloalkyl, -N((C r
C6)alkyicSO2-(C1-C6 )alkyl), -N((C 1 C6)alkyl)(SO
2(C3-C6)cycloalkyl), -N((C3 -C6 )cycloalkylXSO2-(C
1-C6 )alkyl), -N((C3- C6)cycloalkyl)(SO
2(C3-C6)cycloalkyl), -O(C1-C6)alkyl, -0-SO
2(C1-C6)alkyl, -0-SO 2(C1-C6)alkyl,
-O-SO2(C3-C6)cycloalkyl, -C(O)(C 1-C6)alkyl, -C(O)CF
3, -C(O)(C 3-C10)cycloalkyl, -C(O)(C 6- C10)aryl,
-C(0)(C 2-C9)heterocyclyl, -C(O)(CrC 9)heteroaryl,
-C(O)O(C 1-C6)alkyl, -C(O)O(C 3- C10)cycloalkyl,
-C(O)O(C 6-C10)aryl, -C(O)O(C 2-C9)heterocyclyl,
-C(O)O(C r C9)heteroaryl, -C(O)(C 1-C6)alkyl-O(C
1-C6)alkyl, -SO2(C1-C6 )alkyl, -SO2(C3-C6)cycloalkyl,
-SO2CF3, -SO2NH2, -SO2NH(C1-C6)alkyl,
-SO2NH(C3-C6)cycloalkyl, -SO2N((Cr C6)alkyl)2,
-SO2N((C1-C6)alkyl)((C 3- C6)cycloalkyl),
-SO2N((C3-C6)cycloalkyl)2 and -SO2NR3R4, wherein said
-(C3-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl and -(C1-C6)alkyl-(C
2-C9) heterocyclyl are optionally interrupted by one
to three elements selected from the group consisting
of -C(R3)=C(R3)- -C(O)-, -(C=N-R 3)-, -(C=N-NR 3R4)-,
-C=N-N-C(O)- R5, -C=N-N-C(O)OR 3, -(C=CR3R4)-, -(C=C(R
3)C(O)-NR 3R4))-, -(C=C(R 3)C(O)OR6)-, -SO2- , -S-,
-O- and -NR3- , and wherein said -(C3-C7)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6-C10)bicycloalkyl,
-(C6-C-10 )bicycloalkenyl, -(C2-C9)heterocyclyl, -(C2-
C10)heterocycloalkenyl, -(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl substituents are
optionally fused to a -(C6-C10)aryl or -(CrC
9)heteroaryl, optionally substituted by one to three
moieties independently selected from the group
consisting of halogen, hydroxy, -(C1- C6)alkyl,
-(C1-C6)alkyl-P(O)(O(C 1-C6)alkyl)2,
-(C3-C10)cycloalkyl, -(C6-C10)aryl, -(C2-
C9)heterocyclyl, -(Cr C9)heteroaryl, -NR3R4, -NHSO
2(C1-C6)alkyl, -NHSO2(C3-C6)cycloalkyl, -N((CrC
6)alkyl)(SO 2-(CrC 6)alkyl), -N((Cr C6)alkyl)(SO
2(C3-C6)cycloalkyl), -N((C3- C6)cycloalkyl)(SO
2-(C1-C6)alkyl), -N((C3-C6)cycloalkyl)(SO
2(C3-C6)cycloalkyl), -O(C1-C6 )alkyl, -O-SO2(C1-C6
)alkyl, -O-SO2(C3-C6)cycloalkyl, -C(O)(C 1-C6)alkyl,
-C(O)CF 3, -C(O)(C 3-C10)cycloalkyl, -C(O)(C
6-C10)aryl, -C(O)(C 2-C9)heterocyclyl, -C(O)(CrC
9)heteroaryl, -C(O)O(C r C6)alkyl, -C(O)O(C 3-Ci
0)cycloalkyl, -C(O)O(C 6-C10)aryl, -C(O)O(C 2-
Cg)heterocyclyl, -C(O)O(C 1-C9)heteroaryl, -C(O)(C
1-C6)alkyl-O(C 1-C6)alkyl, -Sq 2(Cr C6)alkyl,
-SO2(C3-C6)cycloalkyl, -SO2CF3, -SO2NH2, -SO2NH(Cr
C6)alkyl, -SO2NH(C3-C6)cycloalkyl, -SO2N((Cr
C6)alkyl)2, -SO2N((C1-C6)alkyl)((C3-C6)cycloalkyl) >
-SO2N((C3-C6)cycloalkyl) 2 and -SO2NR3R4; (d) -(Ci-C
6)alkyl, -(C2-C6)perfluorinated alkyl,
-(C2-C6)perfluorinated alkenyl, and
-(C3-C6)perfluorinated alkynyl, wherein said -(CrC
6)alkyl is optionally substituted by one to three
moieties selected from the group consisting of
halogen, hydroxy, -(CrC 6)alkyl, -(C2- C6)alkenyl,
-(C2-C6)alkynyl, -(C1-C6)alkyl-P(O)(O(C r C6)alkyl)2,
-NR3R4, -NHSO2(Cr C6)alkyl, -NHSO2(C3-C6)cycloalkyl,
-N((C 1-C6)alkyl)(SO 2-(C1-C6)alkyl), -N((Cr
C6)alkyi)(SO 2(C3- C6)cycloalkyl),
-N((C3-C6)cycloalkyl)(SO 2-(Cr C6)alkyl),
-N((C3-C6)cycloalkyl)(SO 2(C3- C6)cycloalkyl),
-NHCfOXd-QOalkyl, -NHC(O)(C 3-C6)cycloalkyl, -NHC(O)(C
2-C9)heterocyclyl, -NHC(O)(C6-C10)aryl, -NHC(O)(C r
C9)heteroaryl, -N((C1-C6)alkyl)C(O)(C 1-C6)alkyl,
-N((C r C6)alkyl)C(O)(C 3-C6)cycloalkyl,
-N((C1-C6)alkyl)C(O)(C 2-C9)heterocyclyl, -N((C r
C6)alkyl)C(O)(C6-C10)aryl, -N((C1-C6)alkyl)C(O)(C
1-C9)heteroaryl, -O(Cr C6)alkyl, -0-SO 2(C1- C6)alkyl,
-0-S0 2(C3-C6)cycloalkyl, -C(O)(C1-C6)alkyl, -C(O)CF3,
-C(O)(C3-C10)cycloalkyl, -C(O)(C6-C10)aryl,
-C(O)(C2-C9)heterocyclyl, -C(O)(C r Cg)heteroaryl,
-C(O)O(C r C6)alkyl, -C(O)O(C3-C10)cycloalkyl,
-C(O)O(C 6-C10)aryl, -C(O)O(C 2-C9)heterocyclyl,
-C(O)O(C 1- C9)heteroaryl, -C(O)(C 1-C6)alkyl-O(C
1-C6)alkyl, -SO2(Cr C6)alkyl, -SO2(C3-C6)cycloalkyl,
-SO2CF3, -SO2NH2, -SO2NH(Cr C6)alkyl,
-SO2NH(C3-C6)cycloalkyl, -SO2N((Cr C6)alkyl)2,
-SO2N((C1-C6)alkyl)((C 3-C6)cycloalkyl),
-SO2N((C3-C6)cycloalkyl) 2 and -SO2NR3R4, wherein said
-(Ci-C 6)alkyl is optionally interrupted by one to
three elements independently selected from the group
consisting of -C(O), -SO2, -S-, -O-, and -NR 11 ; and
wherein each RH (b)-(d) substituent, moiety, or
element is optionally substituted by one to three
radicals independently selected from the group
consisting of hydrogen, halogen, hydroxy, -CF3, -NO2,
-CN, -(Cr C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3- C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl, -(C2-
C9)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl, -(C6-
Cgjheterobicycloalkenyl, -(C6-C10 )aryl, -(Cr
C9)heteroaryl, -O(Cr C6)alkyl, -O(C3-C7)cycloalkyl,
-O(C2-C9)heterocyclyl, -CR3=N-NR3R4, -CR3=N-OR5,
-CR3=N-NR3C(O)R3, -CR3=NNR3C( O)OR5, -NR3R4, -SR6,
-SOR6, -SO2R6, -CO2R5, -CONR3R4, - SO2NR3R4, -NHCOR5,
-NR3CONR3R4, and -NR3SO2R6; A is a ring system
selected from the group consisting of
-(C3-C10)cycloalkyl, -(C5- C10)cycloalkenyl,
-(C2-C10)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C6-C10)aryl and -(C2- C9)heteroaryl, wherein said
-(C3-C10)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C2-C10)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C6-Ci 0)aryl and -(C2-C9)heteroaryl of said A ring
are optionallyinterrupted by one to three elements
selected from the group consisting of -C(R3)=C(R3)-,
-C(O)-, -(C=N-R3)-, -(C=N-NR3R4)-, -C=N-N-C(O)-R 5,
-C=N-N-C(O)OR 3, -(C=CR3R4)-, -(C=C(R3)C(O)-NR3R4))-,
-(C=C(R3)C(O)OR6)-, -SO2-, -S-, -O- and -NR3-, and
wherein said A ring system is optionally substituted
by one to three substituents independently selected
from the group consisting of hydrogen, halogen, -CF3,
-NO2, -CN, -(CrC 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -CR3=N-NR3R4, -CR3=N-OR5,
-CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5, 



-NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6-C10)bicycloalkyl, -(C6-
C10)bicycloalkenyl, -(C2-C9)heterocyclyl,
-(C2-C-|0)heterocycloalkenyl, -(C6-
C9)heterobicycloalkyl, -(C6-C9)heterobicycloalkenyl,
-(C6-C10 )aryl, -(CrCg)heteroaryl, -C(O)R5, -CO2R5,
-CONR3R4, -SR6, -SOR6, -SO2R6, -SO2NR3R4, -NHCOR5,
-NR3CONR3R4, and -NR 3SO2R6; Z1 and Z2 are the same or
different and are independently selected from the
group consisting of -C-, -CR 7- and -N-, wherein each
R7 is the same or different; Y1 and Y2 are the same or
different and are independently selected from the
group consisting of -CR7- and -N-, wherein each R7 is
the same or different; L1 and L2 are each
independently a linker group selected from the group
consisting of -CR8R9-, -C(R3)=C(R3)-, -C(O)-,
-(C=N-R3)-, -(C=N-NR3R4)-, -(C=N-NOR5)-, -C=CR3R4)-,
-(C=C(R3)C(O)-NR3R4))-, -(C=C(R3)C(O)OR6)-,
-N-C(O)R8-, -SO2, -S-, -O- and -NR3, wherein L1 is not
-C(R 8)=C(R8)- or -CC- when Z1 or Y1 is N, and L2 is
not -C(R3)=C(R3)- or -CC- when Z2 or Y2 is N; q is an
integer from Oto 3; L1 and a substituent of A, or L2
and a substituent of A can be taken together to form a
-(C5-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C2-C9)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C6-Ci 0)aryl and -(CrCg)heteroaryl, wherein each of
said -(C5-C7)cycloalkyl, -(C5- Cio)cycloalkenyl,
-(C2-C9)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C6-C10)aryl and -(C1- C9)heteroaryl is optionally
interrupted by one to three elements independently
selected from the group consisting of -C(R3)=C(R3)-,
-C(O)-, -(C=N-R3)-, -(C=N-NR3R4)-, -(C=N-NOR5)-,
-(C=CR3)-, -(C=C(R3JC(O)-NR3R4))-, -(C=C(R3JC(O)OR6)-,
-SO2-, -S-, -O- and -NR3- , and wherein each of said
-(C3-C7)cycloalkyl, -(C3-C10)cycloalkenyl,
-(C2-C9)heterocyclyl and -(C2- Cio)heterocycloalkenyl
is optionally substituted with one to three
substituents independently selected from the group
consisting of halogen, -CF3, -CN, -NO2, -(Cr C6)alkyl,
-OR16, -C(O)OR 16, -OC(O)R16,-OC(O)OR16, -N(R16 2,
-NR16C(O)R16, -SO2R16, -SO2N(R16)2 and -NR16SO2R16; X
and W are the same or different and are each
independently selected from the group consisting of
-CR 8R9- , -NR12-, -C(O)-, -(C=NR3)-, -(C=N-NR3R4)-,
-(C=N-N-OR 5)-, -(C=CR3R4)-, -(C=C(R3)C(O)-NR3R4))-,
-(C=C(R3JC(O)OR6)-, -S-, -S(O)-, -S(O)2-, -S(O)(NR
3R4)-, and -0-, wherein one or more adjacent carbon or
heteroatoms selected fromX, Y1, Y2, or W are
optionally fused to a ring system selected from the
group consisting of -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl, and -(CrC
9)heteroaryl, wherein each of said -(C3-C7)cycloalkyl,
-(C2-Cg)heterocyclyl, -(C6-C10)aryl is optionally
interrupted by one to three elements independently
selected from the group consisting of -C(R3)=C(R3)-,
-C(O)-, -(C=N-R3)-, -(C=N-NR3R4)-, -(C=N-NOR 5)-,
-(C=CR3)-, -(C=C(R3)C(O)-NR 3R4))-,
-(C=C(R3)C(O)OR6)-, -SO2- , -S-, -O- and -NR3-, and
wherein each of said -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl, and -(Cr
Cg)heteroaryl ring systems are optionally substituted
by one to three substituents selected from the group
consisting of hydrogen, hydroxyl, halogen, -CF3, -CN,
-NO2, -(Cr C6)alkyl, -NH(Cr C6)alkyl,
-NH(C3-C7)cycloalkyl, -NH(C2-C9)heterocyclyl,
-NH(C6-C10)aryl, -NH(Cr C9)heteroaryl, -N((CrC
6)alkyl)2, -N((C3- C7)cycloalkyl)2
-N((C2-C9)heterocyclyl) 2, -N((C6-C10)aryl)2l -N((Cr
C9)heteroaryl) 2, -0(C 1- C6)alkyl,
-O(C3-C7)cycloalkyl, -O(C2-C9)heterocyclyl,
-O(C6-C10)aryl, -O(Cr C9)heteroaryl,
-(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl, -CO2H,
-C(O)((C r C6)alkyl), -SO2H, -SO 2((Cr C6)alkyl),
-SO2NH2, -SO2NH((Cr C6)alkyl), -SO 2N((Cr C6)alkyl)2,
-NHSO2((Cr C6)alkyl), and
-N((C1-C6)alkyl)SO2((C1-C6)alkyl); Y1 together with W,
Y2 together with W, Y1 together with X, Y2 together
with X, X together with W, or L together with Y can
form a -(C5-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C2-Cg)heterocyclyl and -(C2-C10)heterocycloalkenyl,
wherein each of said -(C5-C7)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C2-C9)heterocyclyl and
-(C2-C10)heterocycloalkenyl is optionally interrupted
by one to three elements independently selected from
the group consisting of -C(R3J=C(R3)-, -C(O)-,
-(C=N-R3)-, -(C=N-NR3R4)-, -C=N-N-C(O)-R 5,
-C=N-N-C(O)OR 3, -(C=CR3R4)-, -(C=C(R3)C(O)-NR3R4))-,
-(C=C(R3)C(O)OR6)-, -SO2-, -S-, -O- and -NR3-, and
wherein each of said -(C3-C7)cycloalkyl,
-(C3-C10)cycloalkenyl, -(C2-C9)heterocyclyl and -(C2-
Cio)heterocycloalkenyl is optionally substituted with
one to three substituents independently selected from
the group consisting of halogen, -CF3, -CN, -NO2, -(Cr
C6)alkyl, -OR16 , -C(O)OR 16,-OC(O)R 16,-OC(O)OR16,
-N(R 16)2, -NR16C(O)R16, -SO2R16, -SO2N(R16)2 and
-NR16SO2R16; W together with another W, X together
with another X, L1 together with another L1, or L2
together with another L2 can form a
-(C3-C7)cycloalkyl, -(C5-C10)cycloalkenyl, -(C2-
C9)heterocyclyl, -(C2-C10)heterocycloalkenyl, -(C6-Ci
0)aryl or -(CrCg)heteroaryl, wherein each of said
-(C3-C7)cycloalkyl, -(C5-Ci 0)cycloalkenyl,
-(C2-C9)heterocyclyl and -(C2- C10)heterocycloalkenyl
is optionally interrupted by one to three elements
independently selected from the group consisting of
-C(R3)=C(R3)-, -C(O)-, -(C=N-R3)-, -(C=N-NR3R4)-,
-C=N-N-C(O)-R 5, -C=N-N-C(O)OR 3, -(C=CR3R4)-,
-(C=C(R3JC(O)-NR3R4))-, -(C=C(R3)C(O)OR6)-, -SO2-,
-S-, -O- and -NR3-, and wherein each of said
-(C3-C7)cycloalkyl, -(C3-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2-C10)heterocycloalkenyl,
-(C5-C10)heterobicycloalkyl,
-(C6-C10)heterobicycloalkenyl, -(C6-C10 )aryl and -(Cr
C9)heteroaryl is optionally substituted with one to
three substituents independently selected from the
group consisting of halogen, -CF3, -CN, -NO2, -(Cr
C6)alkyl, -OR16, -C(O)OR 16,-OC(O)R 16,-OC(O)0R 16,
-N(R16)2, -NR16C(O)R16, -SO2R16, -SO2N(R16)2 and
-NR16SO2R16; R3 and R4 are each independently a
substit ent selected from the group consisting of
hydrogen, -(Ci-C 6)alkyl, -(C3-C7)cycloalkyl, -(C5-Ci
^bicycloalkyl, -(C2-C9)heterocyclyl, -(C6- Cio)aryl,
-(CrC 9)heteroaryl, -CO2H, -C(O)((C r C6)alkyl),
-C(O)((C2-C9)heterocycloalkyl), -C(O)OR 8, -C(O)NR
8R9, and -SO2((Cr C6)alkyl); wherein said -(Cr
C6)alkyl, -(C3-C7)cycloalkyl, -(C5-C11)bicycloalkyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl, -(Cr
C9)heteroaryl, -C(0)((C r C6)alkyl), -C(O)((C 2-C9
heterocycloalkyl) and -SO2((Cr C6)alkyl) substituents
are optionally substituted by one to three moieties
independently selected from the group consisting of
amino, hydrogen, hydroxyl, halogen, -CF3, -CN, -NO2,
=0, =S, =NR8, -C(O)NR 5R6, -(C1- C6)alkyl, -NH(C r
C6)alkyl, -NR8C(O)R9, -NR8CONR8R9
-NH(C3-C7)cycloalkyl, -NH(C2- C9)heterocyclyl,
-NH(C6-C10)aryl, -NH(C r C9)heteroaryl, -N((CrC
6)alkyl)2, -N((C3- C7)cycloalkyl) 2,
-N((C2-C9)heterocyclyl) 2, -N((C6-C10)aryl)2, -N((Cr
C9)heteroaryl) 2, -0(C 1- C6)alkyl,
-O(C3-C7)cycloalkyl, -O(C2-C9)heterocyclyl,
-O(C6-C10)aryl, -O(Cr C9)heteroaryl,
-(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl, -CO2H,
-C(OK(C 1-C6)alkyl), -SO2H, -SO 2((Cr C6)alkyl), -SO
2NH2, -SO 2NH((C1-C6)alkyl), -SO 2N((Cr C6)alkyl)2,
-NHSO2((C1-C6)alkyl), -N((C 1-C6)alkyl)SO
2((C1-C6)alkyl), -NHSO2NR8R9, wherein R3 and R4 when
attached to the same nitrogen atom may form a
-(C2-C9)heterocyclyl optionally substituted by one to
three substituents independently selected from the
group consisting of hydrogen, halogen, -CF3, -NO2,
-CN, -(Cr C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-CR5=N-NR5R6, -CR5=N-OR10, -CR5=N-NR5C(O)R 10,
-CR5=N-NR5C(O)OR10, -NR5R6, -OR5, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2R5, -CONR5R6, -SR6, -SOR6,
-SO2R6, -SO2NR5R6, -NHCOR 5, -NR5CONR5R6 and
-NR5SO2R6; R5 is a substituent selected from the group
consisting of hydrogen, -(CrC 6)alkyl, -(C2-
C6)alkenyl, -(C3-C7)cycloalkyl, -(C5-C7)cycloalkenyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl, -(C1-
C9)heteroaryl, -CO2H, -C(O)((CrC 6)alkyl), and
-P(O)(OR 16)2, wherein said -(Cr C6)alkyl, -(C3-
C7)cycloalkyl, -(C2-C9)heterocyclyl, -(C6-C10)aryl,
-(Cr C9)heteroaryl, -C(O)((C r C6)alkyl), and
substituents are optionally substituted by one to
three moieties independently selected from the group
consisting of hydrogen, hydroxyl, halogen, -CF3, -CN,
-NO2, -(Cr C6)alkyl, -NH(C 1- C6)alkyl,
-NH(C3-C7)cycloalkyl, -NH(C2-C9)heterocyclyl,
-NH(C6-C10)aryl, -NH(C 1- C9)heteroaryl, -N((C r
C6)alkyl)2, -N((C3-C7)cycloalkyl) 2,
-N((C2-C9)heterocyclyl) 2, -N((C6- C10)aryl)2, -N((CrC
9)heteroaryl) 2, -O(Cr C6)alkyl, -O(C3-C7)cycloalkyl,
-O(C2-C9)heterocyclyl, -O(C6-C10)aryl, -O(Cr
C9)heteroaryl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2H, -C(O)((C r C6)alkyl),
-SO2H, -SO 2((Cr C6)alkyl), -SO 2NH2, -SO 2NH((CrC
6)alkyl), -SO2N((Cr C6)alkyl)2, -NHSO2((C1-C6)alkyl),
and -N((C1-C6)alkyl)SO 2((C1-C6)alkyi);R6 is a
substituent selected from the group consisting of
hydrogen, -(C1-C6)alkyl, -(C3- C7)cycioalkyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl,
-(C1-C9)heteroaryl, -CO2H, -C(O)((C 1 C6)alkyl), and
-SO2((Cr C6)alkyl), wherein said -(C1-C6)alkyl,
-(C3-C7)cycloalkyl, -(C2- C9)heterocyclyl,
-(C6-C10)aryl, -(C1-C9 )heteroaryl, -C(O)((C
1-C6)alkyl), and -SO2((Cr C6)alkyl) substituents are
optionally substituted by one to three moieties
independently selected from the group consisting of
hydrogen, hydroxyl, halogen, -CF3, -CN, -NO2, -(CrC
6)alkyl, -NH(C 1- C6)alkyl, -NH(C3-C7)cycloalkyl,
-NH(C2-C9)heterocyclyl, -NH(C6-C10)aryl, -NH(C 1-
Cg)heteroaryl, -N((C1-C6 )alkyl)2,
-N((C3-C7)cycloalkyl) 2, -N((C2-C9)heterocyclyl) 2,
-N((C6- C10)aryl)2, -N((C1-C9)heteroaryl) 2,
-O(C1-C6)alkyl, -O(C3-C7)cycloalkyl,
-O(C2-C9)heterocyclyl, -O(C6-C10)aryl,
-O(C1-C9)heteroaryl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2H, 



-C(O)((C 1-C6)alkyl), -SO2H, -SO 2((C1-C6)alkyl),
-SO2NH2, -SO 2NH((C1-C6)alkyl), -SO 2N((C1 C6)alkyl)2,
-NHSO2((C1-C6)alkyl), and -N((Cr C6)alkyl)SO
2((C1-C6)alkyl); R7 is a substituent selected from the
group consisting of hydrogen, halogen, -NO2, -CF3,
-CN, -NR10R10 , -C(O)NR 10R10 , -OR10, -CO2R10 ,
-C(O)R 10 , -SR10, -SOR10 , -SO2R1VSO 2NR10R10, -NHCOR
10, -NR10CONR10R10, -NR 10SO2R10 , -P(O)(OR 16)2,
-(C1- C6)alkyl, -(C1-C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C2-C6)perfluorinated alkyl, -(C2-
C6)perfluorinated alkyenyl, -(C3-C6)perfluorinated
alkynyl, -(C3-C7)cycloalkyl, -(C3- C10)cycloalkenyl,
-(C6-Ci 0)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2- C10)heterocycloalkenyl,
-(C5-C10)heterobicycloalkyl,
-(C6-C10)heterobicycloalkenyl, -(C6- C10)aryl, -C1-C9
)heteroaryl-(C6-C10)perfluorinated aryl,
-(C1-C9)perfluorinated heteroaryl, wherein said
-(C1-C6 )alkyl, -(C2-C6)alkenyl, -(C2-C6)aIkynyl,
-(C3-C7)cycloalkyl, -(C3- C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl,-(C 2- C10)heterocycloalkenyl,
-(C5-C10)heterobicycloalkyl,
-(C6-C10)heterobicycloalkenyl, and -(C6- C10)aryl,
-(C1-C9)heteroaryl substituents are optionally
substituted by one to three moieties independently
selected from the group consisting of hydrogen,
hydroxyl, halogen, -CF3, -CN, -NO2, -(Cr C6)alkyl,
-NH(CrC 6)alkyl, -NH(C3-C7)cycloalkyl,
-NH(C2-C9)heterocyclyl, -NH(C6- C10)aryl, -NH(CrC
9)heteroaryl, -N((Cr C6)alkyl)2, -N((C3-C7)cycloalkyl)
2, -N((C2- Cg)heterocyclyl)2, -N((C6-C10)aryl)2,
-N((Cr C9)heteroaryl) 2, -O(Cr C6)alkyl, -0(C 3-
C7)cycloalkyl, -O(C2-C9)heterocyclyl, -O(C6-C10)aryl,
-O(Cr C9)heteroaryl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2H, -C(O)((C r C6)alkyl),
-SO2H, -SO 2((Cr C6)alkyl), -SO 2NH2, -SO2NH((Cr
C6)alkyl), -SO 2N((CrC 6)alkyl)2l
-NHSO2((C1-C6)alkyl), and -N((C r C6)alkyl)SO2((Cr
C6)alkyl); R8 and R9 are each independently a
substituent selected from the group consisting of
hydrogen, halogen, -(Cr C6)alkyl,
-(C2-C6)perfluorinated alkyl, -(C3-C7)cycloalkyl,
-(C5- C10)cycloalkenyl, -(C6-C10)bicycloalkyl,
-(C6-C10)bicycloalkenyl, -(C2-C9)heterocyclyl,
-(C2-C10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C6- C10)aryl, -(Cr
C9)heteroaryl, -(C6-C10)perfluorinated aryl,
-(CrCgJperfluorinated heteroaryl,-CO2H1 -C(O)((C
1--C6)alkyl), -OR10, -SO2((Cr C6)alkyl) and -P(O)(OR
16)2, wherein said -(C1- C6)alkyl, -(C3-C7)cycloa!kyl,
-(C5-C10)cycloalkenyl, -(C6-C10)bicycloalkyl, -(C6-
C10)bicycloalkenyl, -(C2-C9)heterocyclyl,
-(C2-C10)heterocycloalkenyl, -(C6-
C9)heterobicycloalkyl, -(C6-C9)heterobicycloalkenyl,
-(C6-C10)aryl, -(Cr C9)heteroaryl, -C(O)((C
1-C6)alkyl), and -SO 2((Cr C6)alkyi) substituents are
optionally substituted by one to three moieties
independently selected from the group consisting of
hydrogen, hydroxyl, halogen, -CF3, -CN, -NO2, -(Cr
C6)alkyl, -NH(Cr C6)alkyl, -NH(C3-C7)cycloalkyl,
-NH(C2- C9)heterocyclyl, -NH(C6-C10)aryl, -NH(Cr
Cg)heteroaryl, -N((CrC 6)alkyl)2, -N((C3-
C7)cycloalkyl) 2, -N((C2-C9)heterocyclyl) 2, -N((C6-Ci
0)aryl)2, -N((Cr C9)heteroaryl) 2, -0(C 1- C6)alkyl,
-O(C3-C7)cycloalkyl, -O(C2-C9)heterocyclyl, -O(C6-C10
)aryl, -O(Cr C9)heteroaryl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2H, -C(O)((C r C6)alkyl),
-SO2H, -SO 2((Cr C6)alkyl), -SO 2NH2, -SO 2NH((Cr
C6)alkyl), -SO 2N((Cr C6)alkyl)2, -NHSO2((Cr
C6)alkyl), and -N((CrC 6)alkyl)SO2((Cr C6)alkyl); R8
and R9 when joined to the same carbon atom can join to
form a -(C3-C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2-Cio)heterocycloalkenyl,
-(C6-Cg)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C6- C10)aryl, or
-(CrCg)heteroaryl, wherein each of the foregoing
-(C3-C7)cycloalkyl, -(C5- C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-Ci 0)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2- C10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C6-C10)aryl and
-(CrCgJheteroaryl is optionally substituted with one
to three substituents independently selected from the
group consisting of halogen, -CF3, -CN, -NO2,
-(^-C^alky!, -OR16, -C(O)OR 16,-OC(O)R16,-OC(O)OR16 ,
-N(R16)2, -NR16C(O)R16 , -SO2R16 , -SO2N(R16)2 and
-NR16SO2R16; R10 and R11 are each independently a
substituent selected from the group consisting of
hydrogen, -(Cr C6)alkyl, -(C2-C6)perfluorinated alkyl,
-(C3-C7)cycloalkyl, -(C5- C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(C2-C9)heterocyclyl, -(C2- C10)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-C9)heterobicycloalkenyl, -(C6-C10)aryl, -(Cr
C9)heteroaryl, -(C6-C10)perfluorinated aryl,
-(CrCgJperfluorinated heteroaryl, -CO2H, -C(O)((C r
C6)alkyl), -SO 2((Cr C6)alkyl) and -P(O)(OR16)2,
wherein said -(Cr C6)alkyl, -(C3- C7)cycloalkyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl, -(Cr
C9)heteroaryl, -C(O)((C r C6)alkyl), and
-SO2((C1-C6)alkyl) substituents are optionally
substituted by one to three moieties independently
selected from the group consisting of hydrogen,
hydroxyl, halogen, -CF3, -CN, -NO2, -(Cr C6)alkyl,
-NH(Cr C6)alkyl, -NH(C3-C7)cycloalkyl,
-NH(C2-C9)heterocyclyl, -NH(C6- C10)aryl, -NH(Cr
C9)heteroaryl, -N((CrC 6)alkyl)2,
-N((C3-C7)cycloalkyl)2, -N((C2- C9)heterocyclyl) 2,
-N((C6-C10)aryl)2, -N((Cr C9)heteroaryl)2 -O(Cr
C6)alkyl, -0(C 3- C7)cycloalkyl,
-O(C2-C9)heterocyclyl, -0(C 6-C10)aryl, -O(Cr
C9)heteroaryl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2H, -C(O)((C 1-C6)alkyl),
-SO2H, -SO 2((Cr C6)alkyl), -SO2NH2,-SO2NH((Cr
C6)alkyl), -SO 2N((Ci-C b)alkyl)2, -NHSO2((Cr
C6)alkyl), and -N((C r C6)alkyl)SO2((C1-C6)alkyl); R12
is a substituent selected from the group consisting of
hydrogen, -(Ci-C 6)alkyl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl, -(Cr
C9)heteroaryl, -C(O)R 15, -C(O)OR 15, -C(O)N(R 15 2,
-C(O)NR 15C(O)NR15 and -SO 2(R15)2, wherein said -(Cr
C6)alkyl, -(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl,
-(C6-C10)aryl and -(Cr C9)heteroaryl substituents are
optionally substituted by one to three moieties
independently selected from the group consisting of
halogen, -CF3, -CN, -NO2, -(Cr C6)alkyl, -OR16,
-C(O)OR 16, -OC(O)R 16, -OC(O)OR 16, -N(R16)2,
-NR16C(O)R16 , -SO2R16, -SO2N(R16)2 and -NR16SO2R16 ;
R13 is a substituent selected from the group
consisting of hydrogen, -(CrC 6)alkyl, -C(O)H, -C(O)(C
r C6)alkyl), -(Cr C6)alkyl)OR 14, -(Cr C6)alkyl)N(R
16)2 and -P(O)(OR 16)2; R14 is a substituent selected
from the group consisting of hydrogen, -(CrC 6)alkyl)
and -P(O)(OR 16)2; R15 is a substituent independently
selected from the group consisting of hydrogen, -(Cr
C6)alkyl, -(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl,
-(C6-C10)aryl, and -(Cr C9)heteroaryl, wherein said
-(Ci-C b)alkyl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl, and -(C1-
Cg)heteroaryl are optionally substituted by one to
three moieties independently selected from the group
consisting of halogen, -CF3, -CN, -NO2, -(Ci-C
6)alkyl, -OR16, -C(O)(R 16)2, -C(O)OR 16, -OC(O)R 16,
-N(R16)2, -NR16C(O)R16, -SO2R16, -SO2N(R16)2 and
-NR16SO2R16 ; two R15 groups when attached to the same
nitrogen atom may form a -(C2- C9)heterocyclyl
optionally substituted by one to three substituents
independently selected from the group consisting of
hydrogen, halogen, -CF3, -NO2, -CN, -(Ci-C 6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -CR16=N-N(R16)2,
-CR16=N-OR16, -CR16=N-NR16C(O)R 16, -CR3=N-NR16C(O)OR
16, -N(R 16 2, -OR16, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2R16, -CON(R16)2, -SR16 ,
-SOR16 , -SO2R16 , -SO2N(R16)2, -NHCOR16 ,
-NR16CON(R16 2 and -NR16SO2R16; R16 is a substituent
independently selected from the group consisting of
hydrogen, -(CrC 6)alkyl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -(C6-Ci 0)aryl, and -(C
C9)heteroaryl; two R16 groups when attached to the
same nitrogen atom may form a -(C2- C9)heterocyclyl
optionally substituted by one to three substituents
independently selected from the group consisting of
halogen, -CF3, -NO2, -CN, -(Cr C6)alkyl,
-(C3-C7)cycloalkyl, -(C2- C9)heterocyclyl,
-(C6-C10)aryl, and -(C-i-CgJheteroaryl; m is an
integer from 1 to 4; and p is an integer from 1 to 4.
The present invention also relates to a compound of
formula Ilwherein Ar is a fused bicyclic ring system
comprising at least one bridged ring fused to at least
one saturated, unsaturated or aromatic ring selected
from the group consisting of -(C3-C10)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C2-C10)heterocyclyl,
-(C2-C10)heterocycloalkenyl, -(C6-C10)aryl and
-(C2-C9)heteroaryl, wherein Ar is optionally
substituted by one to five substituents independently
selected from the group consisting of hydrogen,
halogen, -CF3, -NO2, -CN, -(d-CeJalkyl,
-(C2-C6)alkenyl, -(C2-C6JaIkynyl, -CR3=N-NR3R4,
-CR3=N-OR5, -CR3=N-NR3C(O)R3, -CR3=N-NR 3C(O)OR 5,
-NR3R4, -OR5, -(C3-C7)cycloalkyl, -(C2-
C9)heterocyclyl, -C(O)R 5, -CO2R5, -CONR3R4, -SR6,
-SOR6, -SO2R6, -SO2NR3R4, -NHCOR 15, -NR3CONR3R4, and
-NR 3SO2R6; and one or more adjacent carbon or
heteroatoms of said bridged ring or said saturated,
unsaturated or aromatic ring are optionally fused to a
ring system selected from the group consisting of
-(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl,
-(C6-C10)aryl, and -(C 1- C9)heteroaryl, wherein said
-(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl,
-(C6-C10)aryl, and -(C 1- C9)heteroaryl ring systems
are optionally substituted by one to three
substituents selected 



from the group consisting of hydrogen, hydroxyl,
halogen, -CF3, -CN, -NO2, -(C r C6)alkyl, -NH(Cr
C6)alkyl, -NH(C 3-C7)cycloalkyl,
-NH(C2-C9)heterocyclyl, -NH(C6-C10)aryl, -NH(C 1-
C9)heteroaryl, -N((C r C6)alkyl)2, -N((C
3-C7)cycloalkyl) 2, -N((C 2-C9)heterocyclyl) 2, -N((C
6- C-io)aryl)2, -N((C r C9)heteroaryl) 2, -O(Cr
C6)alkyl, -O(C3-C7)cycloalkyl, -O(C2-C9)heterocyclyl,
-0(C 6-Cio)aryl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2H, -C(O)((C 1-C6)alkyl),
-SO2H1 - Sq 2((Cr C6)alkyl), -SO 2NH2, -SO 2NH((CrC
6)alkyl), -S0 2N((C1- C6)alkyl)2, -NHSO
2((C1-C6)alkyl), and -N((C 1-C6)alkyl)SO
2((C1-C6)aikyl); and K, M and Q are as defined above;
R1 to R16 are as defined above; Z1 and Z2 are as
defined above; Y1 and Y2 are as defined above; L1 and
L2 are as defined above; q is as defined above; X is
as defined above; W is as defined above; m is as
defined above; n is as defined above; andp is as
defined above. Unless stated otherwise, the compounds
of formula I and Il are referred to hereinafter
collectively as "the compounds of the invention." In
one embodiment, M is N. In another embodiment, Q is
C(D). In another embodiment, at least one bridged ring
is selected from the group consisting of a 2.1.1,
2.2.1, 2.2.2, 3.2.1, 3.2.2 and 3.3.2 ring system. In
another embodiment, Q is C(D) and D is selected from
the group consisting of hydrogen, halogen, -OR5, -CF3,
-NO2, -CN, -(Cr C6)alkyl, -(C2-C6)alkenyl, -(C2-C6 a
Ikynyl, -(C2-C6)perfluorinated alkyl,
-(C2-C6)perfluorinated alkenyl, -(C3-C6)perfluorinated
alkynyl, wherein said -(C-i-C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6 a Ikynyl, D substituents are optionally
substituted by one to three substituents independently
selected from the group consisting of hydrogen,
halogen, -CF3, -NO2, -CN, -(Cr C6)aikyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -CR3=NNR3R4,
-CR3=N-OR5, -CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5,
-NR3R4, -OR5, -(C3- C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2R5, -CONR3R4, -SR6, -SOR6,
-SO2R6, -SO2NR3R4, -NHCOR5, -NR3CONR3R4, and -NR
3SO2R6. In another embodiment, Q is C(D) and D is
selected from the group consisting of -(C3-
C7)cycloalkyl, -(C5-C10)cycloalkenyl,
-(C6-C10)bicycloalkyl, -(C6-C10)bicycloalkenyl,
-(CrCgJheterocyclyl, -(Ci-C 10)heterocycloalkenyl,
-(C6-C8)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C6-Cto)aryl, and
-(CrCg)heteroaryl, wherein said -(C3- C7)cycloalkyl,
-(C5-C10)cycloalkenyl, -(C6-Ci 0)bicycloalkyl, -(C6-Ci
0)bicycloaikenyl, -(CrCgJheterocyclyl,
-(Ci-Cio)heterocycloalkenyl,
-(C6-C9)heterobicycloalkyl,
-(C6-Cg)heterobicycloalkenyl, -(C6-Ci 0)aryl, and
-(C1-C9)heteroaryl D substituents are optionally
substituted by one to three substituents independently
selected from the group consisting of hydrogen,
halogen, -CF3, -NO2, -CN, -(CrC 6)alkyl,
-(C2-C6)alkenyl, -(C2- C6)alkynyl, -CR3=N-NR3R4,
-CR3=N-OR5, -CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5,
-NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2R5, -CONR3R4, -SR6, -SOR6,
-SO2R6, -SO2NR3R4, -NHCOR5, -NR3CONR3R4, and -NR
3SO2R6. In another embodiment, Q is C(D) and D is
selected from the group consisting of -NR3R4, -OR5,
-C(O)R5, -CO2R5, -CONR3R4, -SR6, -SOR6, -SO2R6,
-SO2NR3R4, -NHCOR5, -NR3CONR3R4, and -NR 3SO2R6,
wherein said -NR3R4, -OR5, -C(O)R5, -CO2R5, -CONR3R4,
-SR6, -SOR6, -SO2R6, -SO2NR3R4, -NHCOR5, -NR3CONR3R4,
and -NR 3SO2R6 D substituents are optionally
substituted by one to three substituents independently
selected from the group consisting of hydrogen,
halogen, -CF3, -NO2, -CN, -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C2- C6)alkynyl, -CR3=N-NR3R4,
-CR3=N-OR5, -CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5,
-NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -CO2R5, -CONR3R4, -SR6, -SOR6,
-SO2R6, -SO2NR3R4, -NHCOR5, -NR3CONR3R4, and -NR
3SO2R6.In another embodiment, Q is C(D) and D is
selected from the group consisting of hydrogen,
halogen, hydroxy, -CF3, -NO2, -CN, and -(Cr C6)alkyl,
wherein said -(Cr C6)alkyl D substituent is optionally
substituted by one to three substituents independently
selected from the group consisting of hydrogen,
halogen, hydroxy, -CF3, -NO2, -CN, and -(Cr C6)alkyl.
In another embodiment, Q is C(D) and D is selected
from the group consisting of hydrogen, halogen,
hydroxy, -CF3, -NO2, and -CN. In another emobidment, Q
is C(D) and D is -(CrC 6)alkyl optionally substituted
by one to three substituents independently selected
from the group consisting of hydrogen, halogen,
hydroxy, -CF3, -NO2, -CN, and -(Cr C6)alkyl. In a
preferred embodiment, Q is C(D) and D is selected from
the group consisting of halogen, -CF3, and -NO2. In
another preferred embodiment, Q is C(D) and D is -(CrC
6)alkyl optionally substituted by one to three halogen
substituents. In a more preferred embodiment, Q is
C(D) and D is -CF3. In another embodiment, K is C(R1).
In another embodiment, K is C(R1) and R1 is selected
from the group consisting of hydrogen, halogen, -CF3,
-NO2, -CN, -(Cr C6)alkyl, -(C2-C6 a Ikenyl,
-(C2-C6)alkynyl, -(C2- C6)perfluorinated alkyl,
-(C2-C6)perfluorinated alkenyl, -(C3-C6)perfluorinated
alkynyl, -(C3- C7)cycloalkyl, -(C2-C9)heterocyclyl,
-(C6-C10)aryl, -(Cr C9)heteroaryl, -OR5, -C(O)R5,
-CO2R5, -CONR3R4, -SR6, -SOR6, -SO2R6, -SO2NR3R4,
-NHCOR5, -NR3CONR3R4, -NR 3SO2R6, and In another
embodiment, K is C(R1) and R1 is selected from the
group consisting of - (Cr C6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C2-C6)perfluorinated alkyl, -(C2-
C6)perfluorinated alkenyl, -(C3-C6)perfluorinated
alkynyl, -(C3-C7)cycloalkyl, -(C2- Cg)heterocyclyl,
-(C6-C10)aryl, and -(Cr C9)heteroaryl. In another
embodiment, K is C(R1) and R1 is selected from the
group consisting of -OR5, -C(O)R5, -CO2R5, -CONR3R4,
-SR6, -SOR6, -SO2R6, -SO2NR3R4, -NHCOR5, -NR3CONR3R4,
and -NR3SO2R6. In another embodiment, K is C(R1) and
R1 isIn another embodiment, K is C(R1) and R1 is
selected from the group consisting of hydrogen,
halogen, hydroxy, -CF3, -NO2, and -CN. In another
embodiment, K is C(R1) and R1 is hydrogen. In another
embodiment, M is N, K is C(H) and K is C(H). In
another embodiment, M is N, K is C(H), Q is C(CF3) and
K is C(H). In another embodiment, R2 is selected from
the group consisting of hydrogen, halogen, -CF3, -NO2,
-CN, -(C1 C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-(C3-C7)cycloalkyl, -(C2-C9)heterocyclyl,
-(C6-C10)aryl, -(C1 C9)heteroaryl, -NR3R4, -OR5,
-C(O)R5, -CO2R5, -C0NR3R4 i- i4 ,SR 6,6-S,OR0, -SO2R6,
-SO2NR3R4, -NHCOR5, -NR3C0NR3R4, -NR 3SO2R6, and In
another embodiment, R2 i sselected from the group
consisting of -(CrC 6)alkyl, -(C2-C6)alkenyl,
-(C2-C6)alkynyl, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl, and -(C1
Cg)heteroaryl, wherein said -(C1 C6)alkyl,
-(C2-C6)aIkenyl, -(C2-C6)aIkynyl-, -(C3-
C7)cycloalkyl, -(C5-Ci 0)cycloalkenyl, -(C6-Ci 0)aryl
and -(CrC 9)heteroaryl may optionally be substituted
with one to three moieties independently selected from
R5 and R6. In another embodiment, R2 is selected from
the group consisting of -NR3R4, -OR5, -C(O)R0, -CO2R5,
-CONR3R4 , -SR6, -SOR6, -SO2R6, -SO2NR3R4, -NHCOR0,
-NR3C0NR 3R4 , and -NR 3SO2R6. In another embodiment,
R is In a more preferred embodiment, R2 isIn another
preferred embodiment, R2 : is RE iis hydrogen, and n
is 0. In another preferred embodiment, Ri2 : is" RE is
hydrogen, n is 0, and RH is -(C3-C7)cycloalkyl. In
another preferred embodiment, R2 is RE is hydrogen, n
is 0, and RH is selected from the group consisting of
-cyclopropyl, -cyclobutyl, -cyclopentyl and
-cyclohexyl. In another embodiment, A is a -(C6-Ci
0)aryl, optionally substituted by one to three
substituents independently selected from the group
consisting of hydrogen, halogen, -CF3, -NO2, -CN, -(Cr
C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-CR3=N-NR3R4, -CR3=N-OR5, -CR3=N-NR3C(O)R3,
-CR3=N-NR3C(O)OR5, -NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -C(O)R5, -CO2R5, -CONR3R4, -SR6,
-SOR6, -SO2R6, -SO2NR3R4, -NHCOR15, -NR3CONR3R4, and
-NR 3SO2R6. In another embodiment, A is -(C3-Ci
0)cycloalkyl, optionally substituted by one to three
substituents independently selected from the group
consisting of hydrogen, halogen, -CF3, -NO2, -CN,
-(d-CeJalkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-CR3=N-NR3R4, -CR3=N-OR5, 



-CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5, -NR3R4, -OR5,
-(C3-C7)cycloalkyl, -(C2- C9)heterocyclyl, -C(O)R5,
-CO2R5, -CONR3R4, -SR6, -SOR6, -SO2R6, -SO2NR3R4,
-NHCOR15, -NR3CONR3R4, and -NR 3SO2R6. In another
embodiment, A is selected from the group consisting of
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl,
optionally substituted by one to three substituents
independently selected from the group consisting of
hydrogen, halogen, -CF3, -NO2, -CN, -(Cr C6)alkyl,
-(C2-C6 a Ikenyl, -(C2- C6)alkynyl, -CR3=N-NR3R4,
-CR3=N-OR5, -CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5,
-NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -C(O)R5, -CO2R5, -CONR3R4, -SR6,
-SOR6, -SO2R6, -SO2NR3R4, -NHCOR15, -NR3CONR3R4, and
-NR 3SO2R6. In another embodiment, A is
-(C5-C10)cycloalkenyl, optionally substituted by one
to three substituents independently selected from the
group consisting of hydrogen, halogen, -CF3, -NO2,
-CN, -(Cr C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-CR3=N-NR3R4, -CR3=N-OR5, -CR3=N-NR3C(O)R3,
-CR3=N-NR3C(O)OR5, -NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C2- C9)heterocyclyl, -C(O)R5, -CO2R5, -CONR3R4,
-SR6, -SOR6, -SO2R6, -SO2NR3R4, -NHCOR15, -NR3CONR3R4,
and -NR 3SO2R6. In another embodiment, A is selected
from the group consisting of cyclopentenyl,
cyclohexenyl, cycloheptenyl, cyclooctenyl,
cyclononenyl, and cyclodecenyl, optionally substituted
by one to three substituents independently selected
from the group consisting of hydrogen, halogen, -CF3,
-NO2, -CN, -(Cr C6)alkyl, -(C2-C6 a Ikenyi,
-(C2-C6)alkynyl, -CR3=NNR3R4, -CR3=N-OR5,
-CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5, -NR3R4, -OR5,
-(C3- C7)cycloalkyl, -(C2-C9)heterocyclyl, -C(O)R5,
-CO2R5, -CONR3R4, -SR6, -SOR6, -SO2R6, -SO2NR3R4,
-NHCOR15, -NR3CONR3R4, and -NR 3SO2R6. In another
embodiment, A is -(C2-C10)heterocyclyl, optionally
substituted by one to three substituents independently
selected from the group consisting of hydrogen,
halogen, -CF3, -NO2, -CN, -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -CR3=N-NR3R4,
-CR3=N-OR5, -CR3=N-NR3C(O)R3, -CR3=N-NR3C(O)OR5,
-NR3R4, -OR5, -(C3-C7)cycloalkyl, -(C2-
C9)heterocyclyl, -C(O)R5, -CO2R5, -CONR3R4, -SR6,
-SOR6, -SO2R6, -SO2NR3R4, -NHCOR15, -NR3CONR3R4, and
-NR 3SO2R6. In another embodiment, A is
-(C2-C10)heterocycloalkenyl, optionally substituted by
one to three substituents independently selected from
the group consisting of hydrogen, halogen, -CF3, -NO2,
-CN, -(Cr C6)alkyl, -(C2-C6 a Ikenyl, -(C2-C6)alkynyl,
-CR3=N-NR3R4,-CR3=N-OR5, -CR3=N-NR3C(O)R3,
-CR3=N-NR3C(O)OR5, -NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -C(O)R5, -CO2R5, -CONR3R4, -SR6,
-SOR6, -SO2R6, -SO2NR3R4, -NHCOR15 , -NR3CONR3R4, and
-NR 3SO2R6. In another embodiment, A is -(Cr
C9)heteroaryl, optionally substituted by one to three
substituents independently selected from the group
consisting of hydrogen, halogen, -CF3, -NO2, -CN, -(Cr
C6)alkyl, -(C2-C6)alkenyl, -(C2-C6)alkynyl,
-CR3=N-NR3R4, -CR3=N-OR5, -CR3=N-NR3C(O)R3,
-CR3=N-NR3C(O)OR5, -NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C2- C9)heterocyclyl, -C(O)R5, -CO2R5, -CONR3R4,
-SR6, -SOR6, -SO2R6, -SO2NR3R4, -NHCOR15, -NR3CONR3R4,
and -NR 3SO2R6. In another embodiment, A is selected
from the group consisting of oxazole, imidazole,
thiazole, furyl, thienyl, pyrrolo, pyridyl, pyrazyl,
pyrimidyl, quinoline, isoquinoline, quinazoline,
benzimidazole, and pyridopyrimidine, wherein each of
said oxazole, imidazole, thiazole, furyl, thienyl,
pyrrolo, pyridyl, pyrazyl, pyrimidyl, quinoline,
isoquinoline, quinazoline, benzimidazole, and
pyridopyrimidine groups is optionally interrupted by
one to three elements independently selected from the
group consisting of -C(R3)=C(R3)-, -C(O)-, -(C=N-R3)-,
-(C=N-NR3R4)-, -(C=N-NOR5)-, -(C=CR3)-,
-(C=C(R3)C(O)-NR3R4))-, -(C=C(R3)C(O)OR6)-, -SO2-,
-S-, -O- and -NR3-. In a preferred embodiment, A is
selected from the group consisting of phenyl and
naphthyl optionally substituted by one to three
substituents independently selected from the group
consisting of hydrogen, halogen, -CF3, -NO2, -CN, -(Cr
C6)alkyl, -(C2-C6)alkenyl, -(C2- C6)alkynyl,
-CR3=N-NR3R4, -CR3=N-OR5, -CR3=N-NR3C(O)R3,
-CR3=N-NR3C(O)OR5, -NR3R4, -OR5, -(C3-C7)cycloalkyl,
-(C2-C9)heterocyclyl, -C(O)R5, -CO2R5, -CONR3R4, -SR6,
-SOR6, -SO2R6, -SO2NR3R4, -NHCOR15, -NR3CONR3R4, and
-NR 3SO2R6. In a more preferred embodiment, A is
phenyl. In one embodiment, Z1 and Z2 are -CR 7-. In
another embodiment, Y1 and Y2 are each -CH-. In
another embodiment, L1 and L2 are each independently
-CR8R9- . In a preferred embodiment, q is O. In
another preferred embodiment, X and W are the same or
different and are each independently selected from the
group consisting of -CR 8R9- and -NR12- . In another
embodiment, X is selected from the group consisting of
-S-, -S(O)-, -S(O)2- and -S(O)NR3- . In another
embodiment, X is -CR 8R9- . In another embodiment, X
is -C(O)-. In another embodiment, X is -C(=NR 3)-. In
another embodiment, X is -0-. In a preferred
embodiment, X is -NR12- .In another preferred
embodiment, X is -NR12- and m is 1. In another
embodiment, R12 is -C(O)R 15. In another preferred
embodiment, X is -NR12, m is 1, R12 is -C(O)R 15, and
R15 is a -(CrC Jalkyl optionally substituted by one to
three moieties independently selected from the group
consisting of halogen, -CF3, -CN, -NO2, -(Cr C6)alkyl,
-OR16 , -C(O)(R 16 2, -C(O)OR 16, -OC(O)R 16,
-N(R16)2, -NR16C(O)R 16 , -SO2R16, -SO2N(R16)2 and
-NR16SO2R16. In another preferred embodiment, X is
-NR12, m is 1, R12 is -C(O)R 15, and R15 is a -(Cr
C6)alkyl optionally substituted by one to three
moieties independently selected from the group
consisting of halogen, -CF3, -CN and -NO2. In another
preferred embodiment, X is -NR12, m is 1, R12 is
-C(O)R 15, and R15 is a -(Cr C6)alkyl optionally
substituted by one to three moieties independently
selected from the group consisting of -OR16, -C(O)(R
16)2, -C(O)OR 16 and -OC(O)R 16. In another preferred
embodiment, X is -NR12 , m is 1, R12 is -C(O)R 15 ,
and R15 is a -(Ci-C 6)alkyl optionally substituted by
one to three moieties independently selected from the
group consisting of -N(R 16)2, -NR16C(O)R 16, -SO2R16,
-SO2N(R16 2 and -NR16SO2R16. In another preferred
embodiment, X is -NR12 , m is 1, R12 is -C(O)R 15, and
R15 is a -(Ci-C 6)alkyl substituted by -N(R 16)2. In
another preferred embodiment, X is -NR12, m is 1, R12
is -C(O)R 15, and R15 is a -(CrCeJalkyl substituted by
-NR16C(O)R 16. In another preferred embodiment, X is
-NR12, m is 1, R12 is -C(O)R 15, and R15 is a
-(C-pCeJalkyl substituted by -SO2R16. In another
preferred embodiment, X is -NR12, m is 1, R12 is
-C(O)R 15, and R15 is a -(Cr C6)alkyl substituted by
-SO2N(R16)2. In another preferred embodiment, X is
-NR12 , m is 1, R12 is -C(O)R 15 , and R15 is a
-(d-CeJalkyl substituted by-NR16SO2R16 . In another
embodiment, W is selected from the group consisting of
-S-, -S(O)-, -S(O)2- , and -S(O)NR3- . In another
embodiment, W is -CR8R9- . In another embodiment, W is
-C(O)-. In another embodiment, W is -C=NR3. In another
embodiment, W is -0-. In a preferred embodiment,
another embodiment, W is -NR12- . In a most preferred
embodiment, W is -CR 8R9- and p is 2. In another
embodiment, W is -CH 2- and p is 2. In another
preferred embodiment, Ar is selected from the group
consisting of -(C6- C10)aryl and -(Cr C9)heteroaryl.
In another embodiment, Ar is selected from the group
consisting of:In another embodiment, Ar is selected
from the group consisting of: In another embodiment,
Ar is selected from the group consisting of: In
another embodiment, Ar is selected from the group
consisting of:In another preferred embodiment, Z1 and
Z2 are each -CR 7-. In a more another preferred
embodiment, Y1 and Y2 are each -CR 7- , each R7 is the
same or different, and each R7 is independently
selected from the group consisting of hydrogen,
halogen, -CF3, -NO2, -CN, -(Cr C6)alkyl,
-(C2-C6)alkenyl, -(C2-C6)alkynyl, -(C3- C7)cycloalkyl,
-(C2-C9)heterocyclyl, -(C6-C10)aryl, -(Cr
C9)heteroaryl, -NR3R4, -OR5, -COR5, -CO2R0, -C0NR R4,
-SR", -SOR , -SO2R", -SO2NR R4, -NHCOR5, -NR C0NR R4,
and 



-NR3SO2R6. In one embodiment, the invention relates to
a compound selected from the group consisting of
compounds 1 through 490 as described in the Examples
section of this application. In a preferred
embodiment, the compound is selected from the group
consisting of: N-(3-{[2-(1 2,1 2-Dioxo-i
2l6-thia-tricyclo[6.3.1
.02'7]dodeca-2(7),3,5-trien-4-ylamino)-5-
trifluoromethyl-pyrimidin-4-ylamino]-methyl}-pyridin-2
-yl)-N-methyl-methanesulfonamide; N-(3-{[2-(1
0-Methanesulfonyl-1 0-aza-tricyclo[6.3.1
.02'7]dodeca-2(7),3,5-trien-4-
ylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-methyl
}-pyridin-2-yl)-N-methylmethanesulfonamide;
N-Methyl-N-(3-{[2-(10-trifluoroacetyl-10-aza-tricyclo[
6.3.1.0 2 7]dodeca-2(7),3,5-trien-4-
ylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-methyl
}-pyridin-2-yl)-methanesulfonamide; N-(3-{[2-(1
0-Aza-tricyclo[6.3.1 .02
7]dodeca-2(7),3,5-trien-4-ylamino)-5-trifluoromethylpy
rimidin-
4-ylamino]-methyl}-pyridin-2-yl)-N-methyl-methanesulfo
namide;N-Methyl-N
-trifluoroacetyl-i^^^-tetrahydro-i^-epiazano-naphthale
n- -
ylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-methyl
}-pyridin-2-yl)-methanesulfonamide
N-Methyl-N-(3-{[2-(1,2,3,4-tetrahydro-1,4-epiazano-nap
hthalen-6-ylamino)-5-
trifluoromethyl-pyrimidin-4-ylamino]-methyl}-pyridin-2
-yl)-methanesulfonamide; N-(3-{[2-(9-Methanesulfonyl-1
,2,3,4-tetrahydro-1 ,4-epiazano-naphthalen-6-ylamino)-
5-trifluoromethyl-pyrimidin-4-ylamino]-nriethyl}-pyrid
in-2-yl)-N-methyl-methanesulfonamide, and
pharmaceutically acceptable salts thereof of each of
the foregoing compounds. In another preferred
embodiment, the compound of the invention is selected
from the group consisting of: N-{(1
R,2R)-2-[2-(9-Acetyl-(1 S,4R)-1 ,2,3,4-tetrahydro-i
,4-epiazano-naphthalen-6-
ylaminoJ-S-trifluoromethyl-pyrimidin^-ylaminol-cyclope
ntylJ-acetamide,
(+/-)-6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin
-2-ylamino)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalene-9-carboxylic acid
isopropylamide,
[(1S,4R)-6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimi
din-2-ylamino)-1, 2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-cyclopropyl-methanone,
N-{2-[6-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidi
n-2-ylamino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-
N-methyl-acetamide,
1-[6-(4-Methylamino-5-trifluoromethyl-pyrimidin-2-ylam
ino)-(1R,4S)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-ethanone,
(+/-)-1
-[-6-(4-Methoxy-5-trifluoromethyl-pyrimidin-2-ylamino)
-1 ,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-9-yl]-ethanone,
(+/-)-1-[6-(4-Cyclopropylamino-5-trifluoromethyl-pyrim
idin-2-ylamino)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-ethanone,
(+/-)-N4-Cyclobutyl-N2-(9-methanesulfonyl-1,2,3,4-tetr
ahydro-1,4-epiazanonaphthalen-
6-yl)-5-trifluoromethyl-pyrimidine-2,4-diamine,
(+/-)-1-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimi
din-2-ylamino)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-methylamino
-ethanone,
Cyclopropyl-[6-(4-cyclopropylamino-5-trifluoromethyl-p
yrimidin-2-ylamino)-(1R,4S)- 1,2,3,4-tetrahydro-i
,4-epiazano-naphthalen-9-yl]-methanone,
1-[6-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidin-2
-ylamino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-methoxy-eth
anone,
(+/-)-N2-(9-Ethyl-1,2,3,4-tetrahydro-1,4-epiazano-naph
thalen-6-yl)-N4-methyl-5-
trifluoromethyl-pyrimidine-2,4-diamine,
(+/-)-N4-Cyclopropyl-N2-(9-ethyl-1,2,3,4-tetrahydro-1,
4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine, (+/-)-Acetic
acid
2-[6-(4-cyclobutylamino-5-trifluoromethyl-pyrimidin-2-
ylamino)- 1,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl
ester,2-Methyl-1-[-6-(4-propylamino-5-trifluoromethyl-
pyrimidin-2-ylamino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-propan-1-one,
(+/-)-N4-Cyclobutyl-N2-1,2,3,4-tetrahydro-1,4-epiazano
-naphthalen-6-yl-5-
trifluoromethyl-pyrimidine-2,4-diamine,
6-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidin-2-yl
amino)-(1S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid
isopropylamide,
(+/-)-1-[6-(4-Cyclobuty!amino-5-trifluoromethyl-pyrimi
din-2-ylamino)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-ethanone,
2-Hydroxy-1-[-6-(4-cyclobutylamino-5-trifluoromethyl-p
yrimidin-2-ylamino)-(1S,4R)- 1,2,3,4-tetrahydro-1
,4-epiazapo-naphthalen-9-yl]-ethanone,
1-[-6-(4-Ethylamino-5-trifluoromethyl-pyrimidi
p-2-ylamino)-(1 S,4R)-1 ,2,3,4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-2-methylamino-ethanone,
1-[-6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidi
p-2-ylamino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-methylamino
-ethanone,
1-[6-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidin-2
-ylamino)-(1S,4R)-1 ,2,3,4- tetrahydro-1,4-epiaza
po-naphthalen-9-yl]-2-methylamino-ethanone,
(+/-)-2-Amino-1-[-6-(4-cyclobutylamino-5-trifluorometh
yl-pyrimidi p-2-ylamino)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-ethano pe,
2-Fluoro-1-{6-[4-Cyclopropylamino-5-trifluoromethyl-py
rimidin-2-ylamino]-(1S,4R)- 1,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl}-ethanone,
N-{2-[-6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidi
n-2-ylamino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-
N-methyl-acetamide,
2-Hydroxy-1-[-6-(4-cyclobutylamino-5-trifluoromethyl-p
yrimidin-2-ylamino)-(1R,4S)- 1,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl]-ethanone,
N-{2-[6-(4-Ethylamino-5-trifluoromethyl-pyrimidin-2-yl
amino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-
acetamide,
2-Amino-1-[-6-(4-ethylamino-5-trifIuoromethyl-pyrimidi
n-2-ylamino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-ethanone,
2-Amipo-1-[-6-(4-cyclobutylamino-5-trifluoromethyl-pyr
imidin-2-ylamino)-(1S,4R)- 1,2,3,4-tetrahydro-1
,4-epiazapo-paphthalen-9-yl]-ethanone,
(+/-)-2-Hydroxy-1-[-6-(4-cyclobutylamino-5-trifluorome
thyl-pyrimidin-2-ylamino)- ( 1S,4R)-1
,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl]-ethanone,
2-Fluoro-1-[6-(4-Ethylamino-5-trifluoromethyl-pyrimidi
p-2-ylamino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-ethanone,
6-[4-(2-Methoxy-ethylamino)-5-trifluoromethyl-pyrimidi
n-2-ylamino]-(1S,4R)-1, 2,3,4- tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid
isopropylamide,2-F!uoro-1-{6-[4-(2-methoxy-ethylamino)
-5-trifluoromethyl-pyrimidin-2-ylamino]- ( 1S,4R)-1
,2,3,4-tetrahydro-1
,4-epiazapo-naphthalen-9-yl}-ethanone,
6-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidin-2-yl
amino)-(1R,4S)-1, 2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
isopropyl amide,
2-Amino-1-[-6-(4-cyclobutylamino-5-trifluoromethyl-pyr
imidin-2-ylamino)-(1R,4S)- 1,2,3,4-tetrahydro-i
,4-epiazano-naphthalen-9-yl]-ethanone,
i-fe^-Ethylamino-S-trifluoromethyl-pyrimidin^-ylaminoH
iS RJ-I^.S^-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-2-methoxy-ethanone,
1-[-6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2
-ylamino)-(1S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-methoxy-ethanone,
(+/-)-1-{6-[4-(1,3-Dihydro-pyrrolo[3,4-c]pyridin-2-yl)
-5-trifluoromethyl-pyrimidin-2-
ylamino]-1,2,3,4-tetrahydro-1,4-epiazano-naphthalen-9-
yl}-ethanone,
6-(4-Methylamino-5-trifluoromethyl-pyrimidin-2-ylamino
)-(1S,4R)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalene-9-carboxylic acid
isopropylamide,
6-(4-Ethylamino-5-trifluoromethyl-pyrimidin-2-ylamino)
-(1S,4R)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalene-9-carboxylic acid
isopropylamide, (+/-)-1
-[6-(4-Cyclopropylamino-5-methyl-pyrimidin-2-ylamino)-
1 ,2,3,4-tetrahydro-i ,4-
epiazano-naphthalen-9-yl]-ethanone,
1-{6-[4-(2-Methoxy-ethylamino)-5-trifluoromethyl-pyrim
idin-2-ylamino]-(1S,4R)- 1,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl}-etha pone,
1-[6-(4-Ethylamino-5-trifluoromethyl-pyrimidin-2-ylami
no)-(1 S,4R)-1 ,2,3,4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-ethanone,
2-Methyl-1-[6-(4-methylamino-5-trifluoromethyl-pyrimid
i p-2-ylamino)-(1S,4R)-1,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-propa p- 1-one,
6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yla
mino)-(1 S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid methyl
ester,
2-Methoxy-1-[6-(4-methylamino-5-trifluoromethyl-pyrimi
din-2-ylamino)-(1S,4R)- 1,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl]-ethanone,
2-Methoxy-1-{6-[4-(2-methoxy-ethylami
po)-5-trifluoromethyl-pyrimidin-2-ylamino]- ( 1S,4R)-1
,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl}-ethanone, 



and pharmaceutically acceptable salts thereof of each
of the foregoing compounds. In another preferred
embodiment, the compound of the invention is selected
from the group consisting of:
1-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-
ylamino)-(1S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-hydroxy-ethanone,
2-Amino-1-[6-(4-cyclobutylamino-5-trifluoromethyl-pyri
midin-2-ylamino)-(1S,4R)- 1,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl]-ethanone,1-[6-(5-Chloro-4
-cyclobutylamino-pyrimidin-2-ylamino)-(1S,4R)-1,2,3,4-
tetrahydro- 1,4-epiazano-naphthale p-9-yl]-ethanone,
N-{2-[6-(4--Cyclobutylamino-5-trifluoromethyl-pyrimidi
n-2-ylamino)-(1S,4R)-1, 2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-
acetamide,
6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yla
mi po)-(1 S,2R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid ethyl-amide,
1-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-
ylami po)-(1 S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-methoxy-eth
anone,
[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yl
amino)-(1S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-cyclopropyl-methanone,
1-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-
ylaminoHl S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthale p-9-yl]-ethanone,
N4-Cyclobutyl-N2-[(1 S,4R)-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine,
(+/-)-1-[6-(4-Cyclopropylamino-5-trifluoromethyl-pyrim
idin-2-ylamino)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-ethanone,
1-[6-(4--Cyclopropylamino-5-methyl-pyrimidin-2-ylamino
)-(1S,4R)-1,2,3,-4tetrahydro-
1,4-epiazano-naphthalen-9-yl]-ethanone
1-[6-(4-Cyclopropylamino-5-fluoro-pyrimidin-2-ylamino)
-(1 S,4R)-,2,3,4-tetrahydro-1 ,4- epiaza
po-naphthalen-9-yl]-ethanone,
1-[6-(4-Ethylamino-5-methyl-pyrimidin-2-ylamino)-(1
S,4R)-1 ,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-9-yl]-ethanone 1 -[6-(4
-Ethylamino-5-fluoro-pyrimidin-2-ylamino
-(1S,4R)-1,2,3,4 -tetrahydro-1 ,4-
epiazano-naphthalen-9-yl]-ethanone
1-[6-(4-ethylamino-5-chloro-pyrimidin-2-ylamino)-(1S,4
R)-1,2,3,4-tetrahydro-1,4-
epiazano-naphthalen-9-yl]-ethanone,
1-{6-[5-Fluoro-4-((S)-2-methoxymethyl-pyrroiidin-1-yl)
-pyrimidin-2-ylamino]-(1S,4R)- 1,2,3,4-tetrahydro-i
,4-epiazano-naphthale p-9-yl}-ethanone,
N4-Cyclobutyl-N2-[(1 R,4S)-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-yl]-5-
trifIuoromethyl-pyrimidi pe-2,4-diamine,
1-[6-(4-Cyclobutylamino-5-methyl-pyrimidin-2-ylamino)-
(1 R,4S)-1 ,2,3,4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-ethanone,
1-[6-(4-Cyclobutylamino-5-fluoro-pyrimidin-2-ylamino)-
(1 R,4S)-1 ,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-9-yl]-ethanone,
N-{2-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin
-2-ylamino)-(1 R,4S)-1 ,2,3,4-
tetrahydro-1,4-epiazano-
paphthalen-9-yl]-2-oxo-ethyl}-acetamide,[6-(4-Cyclobut
ylamino-5-trifluoromethyl-pyrimidin-2-ylami
po)-(1R,4S)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-acetic acid methyl ester,
6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yla
mino)-(1R,4S)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-(R)-pyrrolidin-2-yl-metha
none,
[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yl
amino)-(1 R,4S)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-cyclopropyl-m
ethanone,
1-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-
ylamino)-(1R,4S)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-methoxy-ethanone,
6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidi
p-2-ylamino)-(1R,4S)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid
isopropyl-amide,
1-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-
ylami po)-(1R,4S)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-methylamino-ethanone,
1-[6-( 5-Chloro-4-cyclobutylamino-pyrimidin-
ylamino)-(1R,4S)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-ethanone,
1-[6-(4-Cyclobutylamino-5-fluoro-pyrimidin-2-ylamino)-
(1 R,4S)-1 ,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-9-yl]-ethanone,
1-[6-(4-Cyclobutylamino-5-ethyl-pyrimidi
p-2-ylamino)-(1 R,4S)-1 ,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-9-yl]-ethanone,
1-[6-(4-Cyclobutylamino-5-methyl-pyrimidin-2-ylamino)-
(1R,4S)-1,2,3,-4 tetrahydro-
1,4-epiazano-naphthalen-9-yl]-ethanone,
N4-Cyclopropyl-N2-(1 R,4S)-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-yl-5-
trifluoromethyl-pyrimidine-2,4-diamine,
N4-Cyclopropyl-N2-[(1 R,4S)-9-methapesulfonyl-1
,2,3,4-tetrahydro-1 ,4-epiazanonaphthalen-
6-yl]-5-trifluoromethyl-pyrimidine-2,4-diamine,
1-[6-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidin-2
-ylamino)-(1 R,4S)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-methoxy-eth
anone,
(+/-)-1-{6-[4-(2-Methoxy-ethylamino)-5-trifluoromethyl
-pyrimidin-2-y!amino]-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl}-ethanone,
(+/-)-2-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimi
din-2-ylamino)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-N,N-dimethyl-acetamide,
and pharmaceutically acceptable salts thereof of each
of the foregoing compounds. The present invention also
includes isotopically-labeled compounds, which are
identical to those recited in formulae 1 and 2, but
for the fact that one or more atoms are replaced by an
atom having an atomic mass or mass number different
from the atomic mass or mass number usually found in
nature. Examples of isotopes that can be incorporated
into compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorous,
fluorine and chlorine, such as, but not limited to,
2H, 3H, 13C, 14C, 15N, 18O, 17O,3 1P, 32P, 35S, 18F,
and 36CI, respectively. Compounds of the present
invention, prodrugs thereof, and pharmaceutically
acceptable salts of said compounds or of said prodrugs
which contain the aforementioned isotopes and/or other
isotopes of other atoms are within the scope of this
invention. Certain isotopically-labeled compounds of
the present invention, for example those into which
radioactive isotopes such as 3H and 14C are
incorporated, are useful in drug and/or substrate
tissue distribution assays. Tritiated, i.e., 3H, and
carbon-14, i.e., 14C, isotopes are particularly
preferred for their ease of preparation and
detectability. Further, substitution with heavier
isotopes such as deuterium, i.e., 2H, can afford
certain therapeutic advantages resulting from greater
metabolic stability, for example increased in vivo
half-life or reduced dosage requirements and, hence,
may be preferred in some circumstances.
Isotopically-labeled compounds of this invention and
prodrugs thereof can generally be prepared by carrying
out the procedures disclosed in the Schemes and/or in
the Examples and Preparations below, by substituting a
readily available isotopically-labeled reagent for a
non-isotopically-labeled reagent. The present
invention also relates to the pharmaceutically
acceptable acid addition salts of compounds of the
invention. The acids which are used to prepare the
pharmaceutically acceptable acid addition salts of the
aforementioned base compounds of this invention are
those which form non-toxic acid addition salts, i.e.,
salts containing pharmacologically acceptable anions,
such as, but not limited to, the chloride, bromide,
iodide, nitrate, sulfate, bisulfate, phosphate, acid
phosphate, acetate, lactate, citrate, acid citrate,
tartrate, bitartrate, succinate, maleate, fumarate,
gluconate, saccharate, benzoate, methanesulfonate,
ethanesulfonate, benzenesulfonate, p-toluenesulfonate
and pamoate [i.e., 1,1'-methylene-bis-(2-hydroxy-3-
naphthoate)]salts. The invention also relates to base
addition salts of the compounds of the invention. The
chemical bases that may be used as reagents to prepare
pharmaceutically acceptable base salts of those
compounds of the compounds of the invention that are
acidic in nature are those that form non-toxic base
salts with such compounds. Such non-toxic base salts
include, but are not limited to those derived from
such pharmacologically acceptable cations such as
alkali metal cations (e.g., potassium and sodium) and
alkaline earth metal cations (e.g., calcium and
magnesium), ammonium or water-soluble amine addition
salts such as N-methylglucamine- (meglumine), and the
lower alkanolammonium and other base salts of
pharmaceutically acceptable organic amines. The phrase
"pharmaceutically acceptable salt(s)", as used herein,
unless otherwise indicated, includes salts of acidic
or basic groups which may be present in the compounds
of the present invention. The compounds of the present
invention that are basic in nature are capable of
forming a wide variety of salts with various inorganic
and organic acids. The acids 



that may be used to prepare pharmaceutically
acceptable acid addition salts of such basiccompounds
of are those that form non-toxic acid addition salts,
e , salts containing pharmacologically acceptable
anions, such as the hydrochloride, hydrobromide,
hydroiodide, nitrate, sulfate, bisulfate, phosphate,
acid phosphate, isonicotinate, acetate, lactate,
salicylate, citrate, acid citrate, tartrate,
pantothenate, bitartrate, ascorbate, succinate,
maleate, gentisinate, fumarate, gluconate,
glucuronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate,
p-toluenesulfonate and pamoate [Le.,
1,1'-methylene-bis- (2-hydroxy-3-naphthoate)] salts.
The compounds of the present invention that include a
basic moiety, such as an amino group, may form
pharmaceutically acceptable salts with various amino
acids, in addition to the acids mentioned above. This
invention also encompasses pharmaceutical compositions
containing prodrugs of compounds of the compounds of
the invention. Compounds of the compounds of the
invention having free amino, amido, hydroxy or
carboxylic groups can be converted into prodrugs.
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 which are
covalently joined through peptide bonds to free amino,
hydroxy or carboxylic acid groups of compounds of the
invention. The amino acid residues include the 20
naturally occurring amino acids commonly designated by
three letter symbols and also include,
4-hydroxyproline, hydroxylysine, demosine,
isodemosine, 3-methylhistidine, norvalin,
beta-alanine, gamma-aminobutyric acid, citrulline,
homocysteine, homoserine, ornithine and methionine
sulfone. Prodrugs also include compounds wherein
carbonates, carbamates, amides and alkyl esters are
covalently bonded to the above substituents of the
compounds of the invention through the carbonyl carbon
prodrug sidechain. This invention also encompasses
compounds of the invention containing protective
groups. One skilled in the art will also appreciate
that compounds of the invention can also be prepared
with certain protecting groups that are useful for
purification or storage and can be removed before
administration to a patient. The protection and
deprotection of functional groups is described in
"Protective Groups in Organic Chemistry", edited by
J.W.F. McOmie, Plenum Press (1973) and "Protective
Groups in Organic Synthesis", 3rd edition, T.W. Greene
and P.G.M. Wuts, Wiley-lnterscience (1999). The
compounds of this invention include all stereoisomers
(e.g., cis and trans isomers) and all optical isomers
of compounds of the invention (e.g., R and S
enantiomers), as well as racemic, diastereomeric and
other mixtures of such isomers. The compounds, salts
and prodrugs of the present invention can exist in
several tautomeric forms, including the enol and imine
form, and the keto and enamine form and geometric
isomers and mixtures thereof. All such tautomeric
forms are included within the scope of the present
invention. Tautomers exist as mixtures of a tautomeric
set in solution. In solid form, usually one tautomer
predominates. Even though one tautomer may be
described, the present invention includes all
tautomers of the present compounds.The present
invention also includes atropisomers of the present
invention. Atropisomers refer to compounds of the
invention that can be separated into rotationally
restricted isomers. The compounds of this invention
may contain olefin-like double bonds. When such bonds
are present, the compounds of the invention exist as
cis and trans configurations and as mixtures thereof.
A "suitable substituent" is intended to mean a
chemically and pharmaceutically acceptable functional
group i.e., a moiety that does not negate the
biological activity of the inventive compounds. Such
suitable substituents may be routinely selected by
those skilled in the art. Illustrative examples of
suitable substituents include, but are not limited to
halo groups, perfluoroalkyl groups, perfluoroalkoxy
groups, alkyl groups, alkenyl groups, alkynyl groups,
hydroxy groups, oxo groups, mercapto groups, alkylthio
groups, alkoxy groups, aryl or heteroaryl groups,
aryloxy or heteroaryloxy groups, aralkyl or
heteroaralkyl groups, aralkoxy or heteroaralkoxy
groups, HO-C(O)- groups, amino groups, alkyl- and
dialkylamino groups, carbamoyl groups, alkylcarbonyl
groups, alkoxycarbonyl groups, alkylaminocarbonyl
groups dialkylamino carbonyl groups, arylcarbonyl
groups, aryloxycarbonyl groups, alkylsulfonyl groups,
arylsulfonyl groups and the like. Those skilled in the
art will appreciate that many substituents can be
substituted by additional substituents. Further
examples of suitable substituents include those
recited in the definition of compounds of the
invention, including R1 through R12, as defined
hereinabove. The term "interrupted by" refers to
compounds in which an element selected from the group
consisting of -C(R3)=C(R3)-, -C(O)-, -(C=N-R 3)-,
-(C=N-NR 3R4)-, -C=N-N-C(O)-R 5, -C=N-N-C(O)OR 3,
-(C=CR 3R4)-, -(C=C(R 3)C(O)-NR 3R4))-, -(C=C(R
3)C(O)OR 6)-, -SO2- , -S-, -O- and -NR3- is inserted
into, e.g., an acyclic system or a ring system For
example, if a substituent is a heterocyclic group,
such as an azetidine group: the ring may be
interrupted by, e.g., a -C(O)- to form a pyrrolidinone
group:such that two ring atoms of the azetidine group
are interrupted by the -C(O)- group. Compounds of the
invention can accommodate up to three such
replacements or interruptions. As used herein, the
term "alky!," as well as the alkyl moieties of other
groups referred to herein (e.g., alkoxy), may be
linear or branched (such as methyl, ethyl, n-propyl,
/sopropyl, n-butyl, /so-butyl, secondary-butyl,
ferf/ary-butyl); optionally substituted by 1 to 3
suitable substituents as defined above such as fluoro,
chloro, trifluoromethyl, -(Cr C6)alkoxy,
-(C6-Cio)aryloxy, trifluoromethoxy, difluoromethoxy or
-(Cr C6)alkyl. The phrase "each of said alkyl" as used
herein refers to any of the preceding alkyl moieties
within a group such alkoxy, alkenyl or alkylamino.
Preferred alkyls include (Cr C6)alkyl, more preferred
are (Cr C4)alkyl, and most preferred are methyl and
ethyl. As used herein, the term "halogen" includes
fluoro, chloro, bromo or iodo or fluoride, chloride,
bromide or iodide. As used herein, the term "alkenyl"
means straight or branched chain unsaturated radicals
of 2 to 6 carbon atoms, including, but not limited to
ethenyl, 1-propenyl, 2-propenyl (allyl), /so-propenyl,
2-methyl-1-propenyl, 1-butenyl, 2-butenyl, and the
like; optionally substituted by 1 to 3 suitable
substituents as defined above such as fluoro, chloro,
trifluoromethyl, -(Ci-C 6)alkoxy, -(C6-C10)aryloxy,
trifluoromethoxy, difluoromethoxy or -(Ci- C6)alkyl.
As used herein, the term "alkynyl" is used herein to
mean straight or branched hydrocarbon chain radicals
having one triple bond including, but not limited to,
ethynyl, propynyl, butynyl, and the like; optionally
substituted by 1 to 3 suitable substituents as defined
above such as fluoro, chloro, trifluoromethyl, -(Cr
C6)alkoxy, -(C6-C10)aryloxy, trifluoromethoxy,
difluoromethoxy or -(Gi-C 6)alkyl. The term
"perfluorinated" refers to a compound containing 4 or
more fluorine groups. As used herein, the term
"carbonyl" or "C(O)" (as used in phrases such as
alkylcarbonyl, alkyl-C(O)- or alkoxycarbonyl) refers
to the joinder of the >C=O moiety to a second moiety
such as an alkyl or amino group (i.e. an amido group).
Alkoxycarbonylamino (i.e. alkoxy-C(O)-NH-) refers to
an alkyl carbamate group. The carbonyl group is also
equivalently defined herein as C(O).
Alkylcarbonylamino refers to groups such as acetamide.
As used herein, the term "cycloalkyl" refers to a
mono-carbocyclic ring (e.g., cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclononyl, cyclopentenyl, cyclohexenyl); optionally
substituted by 1 to 3 suitable substituents as defined
above such as fluoro, chloro, trifluoromethyl,
-(C1-C6JaIkOXy, -(C6-C10)aryloxy, trifluoromethoxy,
difluoromethoxy or ~(C r C6)alkyl. As used herein, the
term "cycloalkenyl" refers to a cycloalkyl as defined
above and further containing 1 or 2 double bonds.As
used herein, the term "bicycloalkyl" refers to a
cycloalkyl as defined above which is bridged to a
second carbocyclic ring (e.g., bicyc!o[2.2.1]heptanyl,
bicyclo[3.2.1]octanyl and bicyclo[5.2.0]nonanyl,
etc.). As used herein, the term "bicycloalkenyl"
refers to a bicycloalkyl as defined above and further
containing 1 or 2 double bonds. As used herein, the
term "aryl" means aromatic radicals such as phenyl,
naphthyl, tetrahydronaphthyl, indanyl and the like;
optionally substituted by 1 to 3 suitable substituents
as defined above. As used herein, the term
"heteroaryl" refers to an aromatic heterocyclic group
usually with one heteroatom selected from O, S and N
in the ring. In addition to said heteroatom, the
aromatic group may optionally have up to four N atoms
in the ring. For example, heteroaryl group includes
pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, thienyl,
furyl, imidazolyl, pyrrolyl, oxazolyl (e.g.,
1,3-oxazolyl, 1,2-oxazolyl), thiazolyl (e.g.,
1,2-thiazolyl, 1,3-thiazolyl), pyrazolyl, tetrazolyl,
triazolyl (e.g., 1,2,3-triazolyl, 1,2,4-triazolyl),
oxadiazolyl (e.g., 1,2,3-oxadiazolyl), thiadiazolyl
(e.g., 1,3,4-thiadiazolyl), quinolyl, isoquinolyl,
benzothienyl, benzofuryl, indolyl, and the like;
optionally substituted by 1 to 3 suitable substituents
as defined above such as 



fluoro, chloro, trifluoromethyl, -(Cr C6)alkoxy,
-(C6-C10)aryloxy, trifluoromethoxy, difluoromethoxy or
-(Cr C6)alkyl. As used herein, the term heteroatom
refers to an atom or group selected from N, O, S(O)n
or NR, where n is an integer from 0 to 2 and R is a
substituent group. The term "heterocyclic" as used
herein refers to a cyclic group containing 1-9 carbon
atoms and 1 to 4 hetero atoms. Examples of such rings
include azetidinyl, tetrahydrofuranyl, imidazolidinyl,
pyrrolidinyl, piperidinyl, piperazinyl, oxazolidinyl,
thiazolidinyl, pyrazolidinyl, thiomorpholinyl,
tetrahydrothiazinyl, tetrahydro-thiadiazinyl,
morpholinyl, oxetanyl, tetrahydrodiazinyl, oxazinyl,
oxathiazinyl, indolinyl, isoindolinyl, quinuclidinyl,
chromanyl, isochromanyl, benzoxazinyl, and the like.
Examples of said monocyclic saturated or partially
saturated ring systems are tetrahydrofuran-2-yl,
tetrahydrofuran-3-yl, imidazolidin-1-yl,
imidazolidin-2-yl, imidazolidin-4-yl, pyrrolidin-1-yl,
pyrrolidin-2-yl, pyrrolidin-3-yl, piperidin-1-yl,
piperidin-2-yl, piperidin-3-yl, piperazin-1-yl,
piperazin-2-yl, piperazin-3-yl, 1,3-oxazolidin-3-yl,
isothiazolidine, 1,3-thiazolidin-3-yl,
1,2-pyrazolidin-2-yl, 1,3-pyrazolidin-1-yl,
thiomorpholin-yl, 1,2-tetrahydrothiazin-2-yl,
1,3-tetrahydrothiazin-3-yl, tetrahydrothiadiazin-yl,
morpholin-yl, 1,2- tetrahydrodiazin-2-yl,
1,3-tetrahydrodiazin-1-yl, 1,4-oxazin-2-yl,
1,2,5-oxathiazin-4-yl and the like; optionally
containing 1 or 2 double bonds and optionally
substituted by 1 to 3 suitable substituents as defined
above such as fluoro, chloro, trifluoromethyl, -(CrC
6)alkoxy, -(C6- C10)aryloxy, trifluoromethoxy,
difluoromethoxy or -(Cr C6)alkyl.As used herein, the
term "heterobicycloalkyl" refers to a bicycloalkyl as
defined above, wherein at least one of the carbon ring
atoms has been replaced by at least one heteroatom
(e.g. tropane). As used herein, the term
"heterobicycloalkenyl" refers to a heterobicycloalkyl
as defined above and further containing 1 or 2 double
bonds. Nitrogen heteroatoms as used herein refers to
N=, >N and -NH; wherein -N= refers to a nitrogen
double bond; >N refers to a nitrogen containing two
bond connections and - N refers to a nitrogen
containing one bond. "Embodiment" as used herein
refers to specific groupings of compounds or uses into
discrete subgenera. Such subgenera may be cognizable
according to one particular substituent such as a
specific R1 or R3 group. Other subgenera are
cognizable according to combinations of various
substituents, such as all compounds wherein R2 is
hydrogen and R1 is -(Cr C6)alkyl. The term
"perfluorinated" or "perfluoro" refer to a compound
having 4 or more fluorine groups. The invention also
relates to methods of making the compounds of the
invention. In one embodiment, the invention relates to
a method for making a compound of formula 1 comprising
allowing a compound of formula to react with a
compound of formula to provide the compounds of the
invention; wherein R17 is selected from the group
consisting of R12 as defined and a protecting group.
In another embodiment, the invention relates to a
method for making the compounds of the invention
comprising allowing a compound of formulato react with
a compound of formula (CRFRG)n RH to provide the
compounds of the invention wherein R17 is as defined
above. When preparing compounds of the invention in
accordance with the invention, it is open to a person
skilled in the art to routinely select the form of the
intermediate compound which provides the best
combination of features for this purpose. Such
features include the melting point, solubility,
processability and yield of the intermediate form and
the resulting ease with which the product may be
purified on isolation. The invention also relates to
methods for making intermediate compounds that are
useful for making the compounds of the invention. As
noted above, invention also relates to the
pharmaceutically acceptable salts of the compounds of
the invention. Pharmaceutically acceptable salts of
the compounds of the invention include the acid
addition and base salts thereof. Suitable acid
addition salts are formed from acids which form
non-toxic salts. Non-limiting examples of suitable
acid addition salts include the acetate, adipate,
aspartate, benzoate, besylate, bicarbonate/carbonate,
bisulphate/sulphate, borate, camsylate, citrate,
cyclamate, edisylate, esylate, formate, fumarate,
gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate,
naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate,
pyroglutamate, saccharate, stearate, succinate,
tannate, tartrate, tosylate, trifluoroacetate and
xinofoate salts. Suitable base salts are formed from
bases which form non-toxic salts. Non-limiting
examples of suitable base salts include the aluminum,
arginine, benzathine, calcium, choline, diethylamine,
diolamine, glycine, lysine, magnesium, meglumine,
olamine, potassium, sodium, tromethamine and zinc
salts.Hemisalts of acids and bases may also be formed,
for example, hemisulphate and hemicalcium salts. For a
review on suitable salts, see Handbook of
Pharmaceutical Salts: Properties, Selection, and Use
by Stahl and Wermuth (Wiley-VCH, 2002). Methods for
making pharmaceutically acceptable salts of compounds
of the invention are known to one of skill in the art.
The compounds of the invention may also exist in
unsolvated and solvated forms. Accordingly, the
invention also relates to the hydrates and solvates of
the compounds of the invention. The term 'solvate" is
used herein to describe a molecular complex comprising
the compound of the invention and one or more
pharmaceutically acceptable solvent molecules, for
example, ethanol. The term 'hydrate' is employed when
said solvent is water. A currently accepted
classification system for organic hydrates is one that
defines isolated site, channel, or metalion
coordinated hydrates - see Polymorphism in
Pharmaceutical Solids by K. R. Morris (Ed. H. G.
Brittain, Marcel Dekker, 1995). Isolated site hydrates
are ones in which the water molecules are isolated
from direct contact with each other by intervening
organic molecules. In channel hydrates, the water
molecules lie in lattice channels where they are next
to other water molecules. In metal-ion coordinated
hydrates, the water molecules are bonded to the metal
ion. When the solvent or water is tightly bound, the
complex will have a well-defined stoichiometry
independent of humidity. When, however, the solvent or
water is weakly bound, as in channel solvates and
hygroscopic compounds, the water/solvent content will
be dependent on humidity and drying conditions. In
such cases, non-stoichiometry will be the norm. The
invention also relates to prodrugs of the compounds of
the invention. Thus certain derivatives of compounds
of the invention which may have little or no
pharmacological activity themselves can, when
administered into or onto the body, be converted into
compounds of the invention having the desired
activity, for example, by hydrolytic cleavage. Such
derivatives are referred to as "prodrugs". Further
information on the use of prodrugs may be found in
Pro-drugs as Novel Delivery Systems, Vol. 14, ACS
Symposium Series (T. Higuchi and W. Stella) and
Bioreversible Carriers in Drug Design, Pergamon Press,
1987 (Ed. E. B. Roche, American Pharmaceutical
Association). Prodrugs in accordance with the
invention can, for example, be produced by replacing
appropriate functionalities present in the compounds
of the invention with certain moieties known to those
skilled in the art as 'pro-moieties' as described, for
example, in Design of Prodrugs by H. Bundgaard
(Elsevier, 1985).Some non-limiting examples of
prodrugs in accordance with the invention include (i)
where the compound of the invention contains a
carboxylic acid functionality (-COOH), an ester
thereof, for example, a compound wherein the hydrogen
of the carboxylic acid functionality of the compound
of formula (I) is replaced by (Cr C6)alkyl; (ii) where
the compound of the invention contains an alcohol
functionality (-OH), an ether thereof, for example, a
compound wherein the hydrogen of the alcohol
functionality of the compound of the invention is
replaced by (CrC Jalkanoyloxymethyl; and (iii) where
the compound of the invention contains a primary or
secondary amino functionality (-NH2 or -NHR where R
H), an amide thereof, for example, a compound wherein,
as the case may be, one or both hydrogens of the amino
functionality of the compound of the invention is/are
replaced by (CrC 6)alkanoyl. 



Further examples of replacement groups in accordance
with the foregoing examples and examples of other
prodrug types may be found in the aforementioned
references. Moreover, certain compounds of the
invention may themselves act as prodrugs of other
compounds of the invention. Also included within the
scope of the invention are metabolites of compounds of
the invention, that is, compounds formed in vivo upon
administration of the drug. Some examples of
metabolites in accordance with the invention include:
(i) where the compound of the invention contains a
methyl group, an hydroxymethyl derivative thereof
(e.g., -CH3 -> -CH2OH): (ii) where the compound of the
invention contains an alkoxy group, an hydroxy
derivative thereof (e.g., -OR7 -> -OH); (iii) where
the compound of the invention contains a tertiary
amino group, a secondary amino derivative thereof
(e.g., -NR3R4 -> -NHR3 or -NHR 4); (iv) where the
compound of the invention contains a secondary amino
group, a primary derivative thereof (e.g., -NHR3 ->
-NH2); (v) where the compound of the invention
contains a phenyl moiety, a phenol derivative thereof
(e.g., -Ph -> -PhOH); and (vi) where the compound of
the invention contains an amide group, a carboxylic
acid derivative thereof (e.g., -CONH2 -> COOH).
Compounds of the invention containing one or more
asymmetric carbon atoms can exist as two or more
stereoisomers. Where a compound of the invention
contains an alkenyl or alkenylene group, geometric
cis/trans (or Z/E) isomers are possible. Where
structural isomers are interconvertible via a low
energy barrier, tautomeric isomerism ('tautomerism')
can occur. This can take the form of proton
tautomerism in compounds of the invention containing,
for example, an imino, keto, or oxime group, or
so-called valence tautomerism incompounds which
contain an aromatic moiety. It follows that a single
compound may exhibit more than one type of isomerism.
Included within the scope of the present invention are
all stereoisomers, geometric isomers and tautomeric
forms of the compounds of the invention, including
compounds exhibiting more than one type of isomerism,
and mixtures of one or more thereof. Also included are
acid addition or base salts wherein the counterion is
optically active, for example, d-lactate or l-lysine,
or racemic, for example, dl-tartrate or dl-arginine.
Cis/trans isomers may be separated by conventional
techniques well known to those skilled in the art, for
example, chromatography and fractional
crystallization. Conventional techniques for the
preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically
pure precursor or resolution of the racemate (or the
racemate of a salt or derivative) using, for example,
chiral high pressure liquid chromatography (HPLC).
Alternatively, the racemate (or a racemic precursor)
may be reacted with a suitable optically active
compound, for example, an alcohol, or, in the case
where the compound of the invention contains an acidic
or basic moiety, a base or acid such as
1-phenylethylamine or tartaric acid. The resulting
diastereomeric mixture may be separated by
chromatography and/or fractional crystallization and
one or both of the diastereoisomers converted to the
corresponding pure enantiomer(s) by means well known
to a skilled person. Chiral compounds of the invention
(and chiral precursors thereof) may be obtained in
enantiomerically-enriched form using chromatography,
typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane
or hexane, containing from 0 to 50% by volume of an
alcoholic solvent such as isopropanol, typically from
2% to 20%, and from 0 to 5% by volume of an
alkylamine, typically 0.1% diethylamine. Concentration
of the eluate affords the enriched mixture. When any
racemate crystallizes, crystals of two different types
are possible. The first type is the racemic compound
(true racemate) referred to above wherein one
homogeneous form of crystal is produced containing
both enantiomers in equimolar amounts. The second type
is the racemic mixture or conglomerate wherein two
forms of crystal are produced in equimolar amounts
each comprising a single enantiomer. While both of the
crystal forms present in a racemic mixture have
identical physical properties, they may have different
physical properties compared to the true racemate.
Racemic mixtures may be separated by conventional
techniques known to those skilled in the art - see,
for example, Stereochemistry of Organic Compounds by
E. L. Eliel and S. H. Wilen (Wiley, 1994). The
invention also relates to methods for the treatment of
abnormal cell growth in a mammal. In one embodiment,
the invention relates to a method for the treatment of
abnormalcell growth in a mammal comprising
administering to said mammal an amount of a compound
of the invention that is effective in treating
abnormal cell growth. In another embodiment, the
abnormal cell growth is cancer. In another embodiment,
the cancer is selected from the group consisting of
lung cancer, bone cancer, pancreatic cancer, skin
cancer, cancer of the head or neck, cutaneous or
intraocular melanoma, uterine cancer, ovarian cancer,
rectal cancer, cancer of the anal region, stomach
cancer, colon cancer, breast cancer, uterine cancer,
carcinoma of the fallopian tubes, carcinoma of the
endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, Hodgkin's disease,
cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of
the thyroid gland, cancer of the parathyroid gland,
cancer of the adrenal gland, sarcoma of soft tissue,
cancer of the urethra, cancer of the penis, prostate
cancer, chronic or acute leukemia, lymphocytic
lymphomas, cancer of the bladder, cancer of the kidney
or ureter, renal cell carcinoma, carcinoma of the
renal pelvis, neoplasms of the central nervous system
(CNS), primary CNS lymphoma, spinal axis tumors, brain
stem glioma, pituitary adenoma, or a combination of
one or more of the foregoing cancers. The invention
also relates to methods for the treatment of cancer
solid tumors in a mammal. In one embodiment, the
invention relates to the treatment of cancer solid
tumor in a mammal comprising administering to said
mammal an amount of a compound of the invention that
is effective in treating said cancer solid tumor. In
another embodiment, the cancer solid tumor is breast,
lung, colon, brain, prostate, stomach, pancreatic,
ovarian, skin (melanoma), endocrine, uterine,
testicular, or bladder. In another embodiment, the
invention relates to a method for the treatment of
abnormal cell growth in a mammal which comprises
administering to said mammal an amount of a compound
of the invention that is effective in treating
abnormal cell growth in combination with an anti-tumor
agent selected from the group consisting of mitotic
inhibitors, alkylating agents, anti-metabolites,
intercalating antibiotics, growth factor inhibitors,
radiation, cell cycle inhibitors, enzymes,
topoisomerase inhibitors, biological response
modifiers, antibodies, cytotoxics, anti-hormones, and
anti-androgens. In still another embodiment, the
invention relates to a pharmaceutical composition
comprising an effective amount of the compound of the
invention, and a pharmaceutically acceptable carrier.
In another embodiment, the invention relates to a
pharmaceutical composition useful for treating
abnormal cell growth in a mammal comprising an
effective amount of the compound of the invention, and
a pharmaceutically acceptable carrier.A particular
aspect of this invention is directed to methods for
treating or preventing a condition that presents with
low bone mass in a mammal (including a human being)
which comprise administering to a mammal in need of
such treatment a condition that presents with low bone
mass treating amount of a compound of the invention or
a pharmaceutically acceptable salt of said compound of
the invention. This invention is particularly directed
to such methods wherein the condition that presents
with low bone mass is osteoporosis, frailty, an
osteoporotic fracture, a bone defect, childhood
idiopathic bone loss, alveolar bone loss, mandibular
bone loss, bone fracture, osteotomy, periodontitis or
prosthetic ingrowth. A particular aspect of this
invention is directed to methods for treating
osteoporosis in a mammal (including a human being)
which comprise administering to a mammal in need of
such treatment an osteoporosis treating amount of a
compound of the invention or a pharmaceutically
acceptable salt of said compound. Another aspect of
this invention is directed to methods for treating a
bone fracture or an osteoporotic fracture in a mammal
which comprise administering to a mammal in need of
such treatment a bone fracture treating or an
osteoporotic fracture treating amount of a compound of
the invention or a pharmaceutically acceptable salt of
said compound. The term "osteoporosis" includes
primary osteoporosis, such as senile, postmenopausal
and juvenile osteoporosis, as well as secondary
osteoporosis, such as 



osteoporosis due to hyperthyroidism or Cushing
syndrome (due to corticosteroid use), acromegaly,
hypogonadism, dysosteogenesis and hypophospatasemia.
Detailed Description of the Invention The compounds of
the invention can be prepared by the following general
methods and by methods described in detail in the
Experimental Section. Synthesis of 2,4-diamino
pyrimidines Two non-limiting methods for making the
2,4-diamino pyrimidines of the invention are depicted
in Schemes 1 and 2. Scheme 1 shows a method for
preparing 2,4-diamino pyrimidines where D is a group
other than a trifluoromethyl group.Scheme 1 ciAAci
Scheme 2 shows a method for preparing
2,4-diamino-5-trifluoromethyl pyrimidines where the
C-5 pyrimidine position is substituted with a
trifluoromethyl group. Scheme 2 wherein said "R17" can
be either an R12 group as defined above or a
protecting group. Non limiting examples of protecting
groups such as tert-butoxy carbonyl- (BOC), benzyloxy
carbony- (CBZ). trifluoroacetamido- (TFA)1 or benzyl
(Bn) may be employed as protecting groups as described
by Green and Wutts, "Protective Groups in Organic
Synthesis" Third Edition, Wiley Interscience. The
protecting group can be removed at the appropriate
time within the synthetic sequence such that the
revealed unprotected atom can be further
functionalized to prepare the compounds of depicted in
Scheme 3, where R17 can be a an R12 group as defined
above or another group which can be further modified
to provide R12. Scheme 3 The compounds of general
formulae A, B and C are commercially available or can
be prepared by known methods (see, e.g., WO
2004056786, WO 2004056807; WO 2005023780; Angewandte
Chemie, International Edition, 41(22), (2002);
AngewandteChemie, International Edition, 43(33),
4364-4366 (2004); Archiv der Pharmazie (Weinheim,
Germany), 314(1), 26-34 (1981); Bulletin of the
Chemical Society of Japan, 59(12), 3988-90 (1986);
Chemical & Pharmaceutical Bulletin, 33(6), 2313-22
(1985); Chemical Communications, 5, 143 (1966);
Journal of Medicinal Chemistry, 31(2), 433-44 (1988);
Journal of Organic Chemistry, 49(21), 4025-9 (1984);
Journal of Organic Chemistry, 67(23), 8043 (2002);
Journal of Organic Chemistry, 55(2), 405-6 (1990);
Journal of Organic Chemistry, 60(21), 6904-11 (1995);
Journal of the American Chemical Society, 109(18),
5393-403 (1987); Journal of the American Chemical
Society, 125(49), 15191-15199 (2003); Journal of the
Chemical Society, Perkin Transactions 1: Organic and
Bio-Organic Chemistry (1972-1999), (15), 1647-54
(1976); Journal of the Chemical Society, Perkin
Transactions 1: Organic and Bio-Organic Chemistry
(1972-1999), (8), 2013-16; (1979); Journal of the
Chemical Society, Perkins Transactions I, 1981, 1846;
March and Smith, Text Book on Organic Chemistry;
Monatshefte fuer Chemie, 128(3), 271-280 (1997); New
Journal of Chemistry 29(1), 42-56 (2005); Organic &
Biomoiecular Chemistry, 1(21), 3787-3798 (2003);
Synlett, (1), 58-60 (1998); Synlett, (7), 1103-1 105
(1999); Synthesis, (11), 1755-1758 (2004); Synthetic
Communications, 20(12), 1877-84 (1990); Tetrahedron,
60 (16), 3611 (2004); U.S. Patent 4,761,413; U.S.
Patent 6,605,610; Journal of the American Chemical
Society 91(24), 6775-8 (1969); Journal of the American
Chemical Society, 91(5), 1170-5 (1969); Journal of the
American Chemical Society, 88(18), 4289-90 (1966); and
references cited within the foregoing references).
These compounds depicted in Schemes I-3 are also
useful for the preparation of other similar ring
systems and also both larger and smaller rings for the
compounds of formula C described below: [2.2.1] Ring
Systems where X is (CH2): 1,4-Dihydro-1
,4-methano-naphthalene where X is Oxygen:
11-Oxa-tricyclo[6.2.1 .02 7]undeca-2,4,6,9-tetraene
where X is N-H: 1,4-Dihydro-1 ,4-epiazano-naphthalene
where X is Sulfur: 11-Thia-tricyclo[6.2.1
.02'7]undeca-2,4,6,9-tetraene [2.2.2] Ring
Systemswhere both X and A are CH2: Tricyclo[6.2.2.0
2'7]dodeca-2,4,6,9-tetraene where X is N-Boc, A is
CH2: 9-Aza-tricyclo[6.2.2.0 2,7 ]dodeca-2,4,6,1
1-tetraene-9- carboxylic acid methyl ester where X is
N, A is C=O: 9-Aza-tricyclo[6.2.2.0 2 7]dodeca-2
,4,6,1 1-tetraen-1 0- one As noted above, compounds of
the general formula C can be prepared by known methods
following the general procedure depicted in Scheme 4.
Based upon chemistry that is known and in the
literature, one skilled in the art of organic
chemistry can prepare any of the compounds of the
general structural formula C. Scheme 4 Taking an
intermediate from the above sequence, the following
reaction sequence (Scheme 5) can be applied to produce
the desired differentially functionalized amines.
Scheme 5 Alternatively, the aryl ring can already be
functionalized and incorporated into the
cyclo-addition sequence to prepare compounds of the
general formula C as depicted in Scheme 6.Scheme 6
Grignard Reagent Grignard Reagent where A is, e.g.,
-CR8R9- , -C(O)-, -N(CO2-R5)- or -N((C(O)R 12)-; and X
is, e.g, -N(CO2-R5) (e.g., -N-Boc), -N((C(O)R 12)-,
-N(TFA)- or -O-. Compounds of formula D and the other
reagents are commercially available or can be made by
known methods (see the above-listed references).
Alternatively, the following reaction schemes (Schemes
7a and 7b) can be used to prepare compounds of general
formula C (see the above-listed references):
Olefin/Alkyne -R12 Scheme 7b Olefin/Alkyne -R12 where
an Olefin" is defined as a group containing either a
double bond or triple bond and R,17 is as defined
above. The number of groups on the olefin can vary
from 1 to 4 depending on the dienophile used.
Non-limiting examples of useful ethylenic olefins are
acyclic unfunctionalized olefins, cyclic
functionalized olefins, cyclic un-functionalized
olefins, and cyclic functionalized olefins.
Non-limiting examples of useful acetylenic olefins
include substituted acetylenes and non-substituted
acetylenes.Compounds of the general formula C can also
be prepared by ring expansion starting with a
heterocycle by known methods (see the above-listed
references) as depicted in Scheme 8: Scheme 8 where X
= N-Boc, N-TFA, or oxygen; "Y" = Na2S or H2N-Benzyl; Y
= sulfur or N-R; Lg = leaving group (such as mesylate,
tosylate); O = oxygen; DEAD = diethyl
azodicarboxylate; and TPP = triphenyl phosphine.
Alternatively, the compounds of the general formula C
can be prepared by known methods (see the above-listed
references) starting with a heteroalkane by ring
expansion according to known methods as depicted in
Scheme 8:, where X = N-Boc, N-CO2R or N-TFA; A = CH2,
C=O or N-CO2R; "Y" = Na2S or H2N-Benzyl; Y = sulfur or
N-R; Lg = leaving group (such as mesylate, tosylate);
O = oxygen; DEAD = diethyl azodicarboxylate; and TPP =
triphenyl phosphine. Non-limiting methods for
functionalizing olefins include 2-3 dipole
cycloaddition reaction, aziridination,
cyclopropanation, decarboxylation reactions, Dieckmann
condensation, Diels-Alder reaction, ene reaction,
epoxidation, Favorskii reaction, Friedel Crafts
reaction, halogenation, Heck reaction (to add
additional carbon functionality), hetero-ene reaction,
hydride reductions (e.g., of aldehydes, ketones,
esters amides), hydroboration-oxidation of the olefin
(to install a hydroxy group), Michael reaction, olefin
metathasis, osmylation of the olefin to install cis
diols, oxidation of the installed hydroxy group to
ketone, and reductive amination of ketones with
amines. The general method for functionalizing the
olefinic groups are depicted in Scheme 10 (where FG is
a functional group) and are described in, e.g. the
above-listed references.Scheme 10 Alternatively,
compounds of the invention, where either L1 = an atom
linker and L2 = a bond or L1 = a bond and L2 = an atom
linker, can be prepared by forming a compound of
general formula C followed by reaction with the
appropriate 5-substituted- 2,4-diamino pyrimidine as
depicited in Schemes 11 or 12. 



Scheme 11 where X can be -S-, -SO2- , -O-, -NR17- or
-CR8R9- as defined above. Scheme 12 where X can be
-S-, -SO2-, -0-, -N-R12'- or -CR8R9- as defined
above.In Vitro and In Vivo Assays As noted above, the
compounds of the invention are useful as inhibitors of
receptor tyrosine kinases such as, e.g., FAK,
Aurora-1, Aurora-2, HgK and Pyk. Methods for
determining the in vitro and in vivo activity of these
compounds inhibitors of receptor tyrosine kinases are
described below: In-vitro Activity of FAK: The in
vitro activity of the compounds of the compounds of
the invention may be determined by the following
procedure. More particularly, the following assay
provides a method to determine whether compounds of
the compounds of the invention inhibit the tyrosine
kinase activity of the catalytic construct
FAK(410-689). The assay is an ELISA-based format,
measuring the inhibition of poly-glu-tyr
phosphorylation by FAK(41 0-689). The assay protocol
has three parts: I. Purification and cleavage of
His-FAK(41 0-689) II. FAK410-689 (a.k.a. FAKcd)
Activation III. FAKcd Kinase ELISA Materials: -Ni-NTA
agarose (Qiagen) -XK-16 column (Amersham-Pharmacia)
-300 mM Imidizole -Superdex 200 HiLoad 16/60 prep
grade column (Amersham Biotech.) -Antibody:
Anti-Phosphotyrosine HRP-Conjugated Py20 (Transduction
labs) -FAKcd: Purified and activated in house -TMB
Microwell Peroxidase Substrate (Oncogene Research
Products #CL07) -BSA: Sigma #A3294 -Tween-20: Sigma
#P1 379 -DMSO: Sigma #D-5879 -D-PBS: Gibco #14190-037
Reagents for Purification : -Buffer A: 5OmM HEPES pH
7.0 50OmM NaCI 0.1 mM TCEP CompleteTM protease
inhibitor cocktail tablets (Roche) -Buffer B: 25mM
HEPES pH 7.0 40OmM NaCI 0.1 mM TCEP -Buffer C: 1OmM
HEPES pH 7.5 20OmM Ammonium Sulfate0.1 mM TCEP
Reagents for Activation -FAK(41 0-689): 3 tubes of
frozen aliquots at 150ul/tube for a total of 45OuI at
1.48 mg/ml (660ug) -His-Src(249-524): -0.74 mg/ml
stock in 1OmM HEPES, 20OmM (NH4)2SO4 -Src reaction
buffer (Upstate Biotech): 100 mM Tris-HCI pH7.2 125mM
MgCI2 25 mM MnCI2 2mM EDTA 250 uM Na3VO4 2 mM DTT
-Mn2+/ATP cocktail (Upstate Biotech) 75mM MnCI2 50O uM
ATP 2OmM MOPS pH 7.2 1mM Na3VO4 25mM -glycerol
phosphateD 5mM EGTA ImM DTT -ATP: 150mM stock -MgCI2:
1 M Stock -DTT: 1M stock Reagents for FAKcd Kinase
ELISA -Phosphorylation Buffer: 5OmM HEPES1 pH 7.5
125mM NaCI 48mM MgCI2 -Wash Buffer: TBS + 0.1%
Tween-20. -Blocking Buffer: Tris Buffer Saline 3% BSA
0.05% Tween-20, filtered -Plate Coating Buffer:
50mg/ml Poly-Glu-Tyr (Sigma #P0275) in Phosphate
buffer Saline (DPBS). -ATP: 0.1 M ATP in H2O or HEPES,
pH7 Note: ATP Assay Buffer:Make up as 75 uM ATP in
PBS, so that 80 ul in 120 ul reaction volume=50uM
final ATP concentration. I. Purification of
His-FAKcd(410-689) 1. Resuspend 13O g baculovirus cell
paste containing the over expressed His- FAKcd41 0-689
recombinant protein in 3 volumes (400ml) of Buffer A.
2. Lyse cells with one pass on a microfluidizer. 3.
Remove cell debris by centrifugation at 4C for 35
minutes at 14,000 rpm in a Sorval SLA-1 500 rotor. 4 .
Transfer the supernatant to a clean tube and add 6.0
ml of Ni-NTA agarose (Qiagen). 5. Incubate the
suspension with gentle rocking at 4C for 1 hour. 6.
Centrifuge suspension at 700 x g in a swinging bucket
rotor. 7. Discard the supernatant and resuspend the
agarose beads in 20.0 ml of Buffer A. 8 . Transfer the
beads to an XK-16 column (Amersham-Pharmacia)
connected to a FPLCTM. 9 . Wash the agarose-beads with
5 column volumes of Buffer A and elute off the column
with a step gradient of Buffer A containing 30OmM
Imidizole. 10. Perform a buffer exchange of the eluted
fractions into Buffer B. 11. Following buffer
exchange, pool the fractions and add thrombin at a
1:300 (w/w) ratio and incubated overnight at 13C to
remove the N-terminal His-tag (His-FAK410- 698 - FAK41
0-689 (a.k.a. FAKcd)). 12. Add the reaction mixture
back onto the Ni-NTA column equilibrated with Buffer A
and collect the flow-through. 13. Concentrate the
flow-through down to 1.7 ml and load directly onto a
Superdex 200 HiLoad 16/60 prep grade column
equilibrated with Buffer C. The desired protein elutes
between 85 - 95 ml. 14. Aliquot the FAKcd protein and
store frozen at -80 0C. II. FAK activation 1. To 45OuI
of FAK(41 0-689) at 1.48 mg/ml (660ug) add the
following: 3OuI of 0.037 mg/ml (1uM) His-Src(249-524)
3OuI of 7.5 mM ATP 12ul of20 mM MgCI2 10ul Mn2+/ATP
cocktail (UpState Biotech.) 4ul of 6.7mM DTT 6OuI Src
Reaction Buffer (UpState Biotech.) 2. Incubate
Reaction for at least 3 hours at room temperatureAt
time to, almost all of the FAK(41 0-689) is singly
phosphorylated. The second phosphorylation is slow. At
t12o (t = 120 minutes), add 1OuI of 150 mM ATP. 



T0 = (Start) 90% singly phosphorylated FAK(41 0-689) (
1 PO4) T43 = (43 min) 65% singly phosphorylated ( 1
PO4), 35% doubly phosphorylated (2 PO4) T90 = (90 min)
45% 1 PO4, 55% 2 PO4 T150 = 15% 1 PO4, 85% 2 PO4 T2-I
0 = <10% 1 PO4, >90% 2 PO4 desalted sample 3. Add 180
Ul aliquots of the desalted material to NiNTA spin
column and incubate on spin column 4. Spin at 10k rpm
(microfuge), for 5 minutes to isolate and collect flow
through (Activated FAK(41 0-689)) and remove His-Src
(captured on column) III. FAKcd Kinase ELISA 1. Coat
96-well Nunc MaxiSorp plates with poly-glu-tyr (pGT)
at 10 ug/well: Prepare 10 ug/ml of pGT in PBS and
aliquot 100 ul/well. Incubate the plates at 370C
overnight, aspirate the supernatant, wash the plates 3
times with Wash Buffer, and flick to dry before
storing at 40C. 2. Prepare compound stock solutions of
2.5 mM in 100% DMSO. The stocks are subsequently
diluted to 6OX of the final concentration in 100%
DMSO, and diluted 1:5 in Kinase Phosphorylation
Buffer. 3. Prepare a 75 uM working ATP solution in
Kinase phosphorylation buffer. Add 80 ul to each well
for a final ATP concentration of 50 uM. 4 . Transfer
10 ul of the diluted compounds (O. log serial
dilutions) to each well of the pGT assay plate,
running each compound in triplicates on the same
plate. 5. Dilute on ice, FAKcd protein to 1:1000 in
Kinase Phosphorylation Buffer. Dispense 30 ul per
well. 6. Note: Linearity and the appropriate dilution
must be pre-determined for each batch of protein. The
enzyme concentration selected should be such that
quantitation of the assay signal will be approximately
0.8-1 .0 at OD450, and in the linear range of the
reaction rate. 7. Prepare both a No ATP control
(noise) and a No Compound Control (Signal): 8. (Noise)
One blank row of wells receives 10 ul of 1:5 diluted
compounds in DMSO, 8OuI of Phosphorylation buffer
(minus ATP), and 30 ul FAKcd solution. 9. (Signal)
Control wells receive 10 ul of 1:5 diluted DMSO (minus
Compound) in Kinase phosphorylation buffer, 80 ul of
75 uM ATP, and 30 ul of 1:1000 FAKcd enzyme. 10.
Incubate reaction at room temperature for 15 minutes
with gentle shaking on a plate shaker.11. Terminate
the reaction by aspirating off the reaction mixture
and washing 3 times with wash buffer. 12. Dilute
phospho-tyrosine HRP-conjugated (pY20HRP) antibody to
0.250ug/ml (1:1000 of Stock) in blocking buffer.
Dispense 100 ul per well, and incubate with shaking
for 30 minutes at RT. 13. Aspirate the supernatant and
wash the plate 3 times with wash buffer. 14. Add 100
ul per well of room temperature TMB solution to
initiate color development. Color development is
terminated after approximately 15-30 sec. by the
addition of 100ul of 0.09M H2SO4 per well. 15. The
signal is quantitated by measurement of absorbance at
450nm on the BioRad microplate reader or a microplate
reader capable of reading at OD450. 16. Inhibition of
tyrosine kinase activity would result in a reduced
absorbance signal. The signal is typically 0.8-1.0 OD
units. The values are reported as IC50s, uM
concentration. FAK Inducible cell-based ELISA: Final
Protocol Materials: Reacti-Bind Goat Anti-Rabbit
Plates 96-well (Pierce Product#15135ZZ @115.00 USD)
FAKpY397 rabbit polyclonal antibody (Biosource #44624
@315.00 USD) ChromePure Rabbit IgG1 whole molecule
(Jackson Laboratories #001-000-003 @60/25mg USD) UBI
aFAK clone 2A7 mouse monoclonal antibody
(Upstate#05-182 @ 289.00 USD) Peroxidase-conjugated
AffiniPure Goat Anti-Mouse IgG (Jackson Labs
#115-035-146 @95/1.5ml USD) SuperBlock TBS (Pierce
Product#37535ZZ @99 USD) Bovine Serum Albumin (Sigma
#A-9647 @117.95/1 00 g USD) TMB Peroxidase substrate
(Oncogene Research Products #CL07-100ml @40.00 USD)
Na3VO4 Sodium Orthovanadate (Sigma #S6508 @43.95/50g
USD) MTT substrate (Sigma # M-21 28 @25.95/500mg USD)
Growth Media: DMEM+10%FBS, P/S, GIu, 750 ug/ml Zeocin
and 50 ug/ml Hygromycin (Zeocin InVitrogen #R250-05 @
725 USD and Hygromycon InVitrogen #R220-05 @ 150 USD)
Mifepristone InVitrogen # H 110-01 @ 125 USD
CompleteTM EDTA-free Protease Inhibitor pellet
Boehringer Mannheim # 1873580 FAK cell-based Protocol
for selectivity of kinase-dependent phosphoFAKY397
Procedure:An inducible FAK cell-based assay in ELISA
format for the screening of chemical matter to
identify tyrosine kinase specific inhibitors was
developed. The cell-based assay exploits the mechanism
of the GeneSwitchTM system (InVitrogen) to exogenousiy
control the expression and phosphorylation of FAK and
the kinase-dependent autophosphorylation site at
residue Y397. Inhibition of the kinase-dependent
autophosphorylation at Y397 results in a reduced
absorbance signal at OD450. The signal is typically
0.9 to 1.5 OD450 units with the noise falling in the
range of 0.08 to 0.1 OD450 units. The values are
reported as IC50s, uM concentration. On day 1, grow
A431"FAKwt in T175 flasks. On the day prior to running
the FAK cellassay, seed A431"FAKwt cells in growth
media on 96-well U-bottom plates. Allow cells to sit
at 37C, 5% CO2 for 6 to 8 hours prior to FAK
induction. Prepare Mifepristone stock solution of 10
uM in 100 % Ethanol. The stock solution is
subsequently diluted to 10 X of the final
concentration in Growth Media. Transfer 10 ul of this
dilution (final concentration of 0.1 nM Mifepristone)
into each well. Allow cells to sit at 37C, 5% CO2
overnight (12 to 16 hours). Also, prepare control
wells without Mifepristone induction of FAK expression
and phosphorylation. On day 2, coat Goat Anti-Rabbit
plate(s) with 3.5 ug/ml of phosphospecific FAKpY397
polyclonal antibody prepared in SuperBlock TBS buffer,
and allow plate(s) to shake on a plate shaker at room
temperature for 2 hours. Optionally, control wells may
be coated with 3.5 ug/ml of control Capture antibody
(Whole Rabbit IgG molecules) prepared in SuperBlock
TBS. Wash off excess FAKpY397 antibody 3 times using
buffer. Block Anti-FAKpY397 coated plate(s) with 200
ul per well of 3%BSA/0.5%Tween Blocking buffer for 1
hour at room temperature on the plate shaker. While
the piate(s) are blocking, prepare compound stock
solutions of 5 mM in 100 % DMSO. The stock solutions
are subsequently serially diluted to 100X of the final
concentration in 100% DMSO. Make a 1:10 dilution using
the 100X solution into growth media and transfer 10 ul
of the appropriate compound dilutions to each well
containing either the FAK induced or uninduced control
A431 cells for 30 minutes at 37C, 5% CO2. Prepare RIPA
lysis buffer (50 mM Tris-HCI, pH7.4, 1% NP-40, 0.25%
Na-deoxycholate, 150 mM NaCI, 1 mM EDTA, 1 mM Na3VO4,
1 mM NaF, and one CompleteTM EDTA-free protease
inhibitor pellet per 50 ml solution). At the end of 30
minutes compound treatment, wash off compound 3 times
using TBS-T wash buffer. Lyse cells with 100 ul/well
of RIPA buffer. To the coated plate, remove blocking
buffer and wash 3 times using TBS-T wash buffer. Using
a 96-well automated microdispenser, transfer 100 ul of
whole cell-lysate (from step 6) to the Goat
Anti-Rabbit FAKpY397 coated plate(s) to capture
phosphoFAKY397 proteins. Shake at room temperature for
2 hours. Wash off unbound proteins 3 times using TBS-T
wash buffer. Prepare 0.5 ug/ml (1:2000 dilution) of
UBI aFAK detection antibody in 3%BSA/0.5% Tween
blocking buffer. Dispense 100 ul of UBI aFAK solution
per well and shakefor 30 minutes at room temperature.
Wash off excess UBI aFAK antibody 3 times using TBS-T
wash buffer. Prepare 0.08 ug/ml ( 1:5000 dilution) of
secondary Anti-Mouse Peroxidase (Anti- 2MHRP)
conjugated antibody. Dispense 100 ul per well of the
Anti-2MHRP solution and shake for 30 minutes at room
temperature. Wash off excess Anti-2MHRP antibody 3
times using TBS-T wash buffer. Add 100 ul per well of
room temperature TMB substrate solution to allow for
color development. Terminate the TMB reaction with 100
ul per well of TMB stop solution (0.09M H2SO4) and
quantitate the signal by measurement of absorbance at
450 nm on the 



BioRad microplate reader. Additional FAK cell assays
are hereby incorporated by reference from Pfizer
Attorney Docket No. PC1 1699 entitled "INDUCIBLE FOCAL
ADHESION KINASE CELL ASSAY". In a preferred
embodiment, the compounds of the present invention
have an in vitro activity as determined by a kinase
assay, e.g., such as that described herein, of less
than 500 nM. Preferably, the compounds have an IC50 of
less than 25 nM in the kinase assay, and more
preferably less than 10 nM. In a further preferred
embodiment, the compounds exhibit an IC50 in a FAK
cell based assay, e.g., such as that described herein,
of less than 1 mM, more preferably less than 100 nM,
and most preferably less than 25 nM. In-vitro Activity
of Aurora-2: The in vitro activity of the compounds of
The invention may be determined by the following
procedure. This assay measures the activity of
recombinant Aurora-2 (AUR2) kinase, specifically the
phosphorylation of a peptide substrate, and the
potency of inhibitors of Aurora-2 kinase. Product
(phosphorylated peptide) is measured by use of a
scintillation proximity assay (SPA). The peptide
substrate is incubated with gamma 33P-ATP and enzyme
and after the designated time the peptide is captured
on a steptavidin SPA bead and the extent of
phosphorylation is measured by scintillation counting.
Inhibition is evaluated based on the ability of
inhibitor to reduce phosphorylation relative to the
reaction without inhibitor. The Aurora-2 kinase used
in the assay is full length human protein
incorporating a His6 sequence at the N-terminus to
facilitate purification. The gene coding this sequence
was incorporated into a baculovirus and the virus used
to infect SF9 insect cells in culture. The recombinant
protein was purified by nickel-agarose affinity
chromatography by standard methods. The reactions are
performed in a volume of 50 mL consisting of 25 ng
Aurora-2 protein, 50 mM Tris pH8, 10 mM MgCI2, 1mM
dithiothreitol, 0.1 mM NaVO4, 0.02% bovine serum
albumin, 10 mM ATP, 0.03 mCi 33P-ATP, and 2 mM biotin-
(LRRWSLG) 4 in wells of a 96 well nonbinding surface
clear bottom microplate (Wallac lsoplate Cat
1450-514). Compounds are initially dissolved in DMSO,
then diluted in 50 mM Tris pH8, 10 mM MgCI2, 1 mM
dithiothreitol, 0.1 mM NaVO4, 0.02% bovine serum
albumin such that 5 mL addition to eachwell yields the
desired final concentration. The reaction is conducted
at room temperature for 45 min with gentle shaking,
then terminated by addition of 30 mL of Stop Buffer
(0.3 mg Streptavidin SPA beads (Amersham), 1:1 water:
phosphate buffered saline (0.2 g/L KCI, 0.2 g/L
KH2PO4, 8 g/L NaCI, 1.15 g/L Na2HPO4), 0.5% Triton-X,
75mM EDTA, 375 mM ATP). Cesium chloride (100 mL, 7.5M)
is added to each well, the beads are allowed to settle
overnight and scintillation counts performed on a
Wallac Microbeta Trilux counter. A background
correction is made for each based on a zero time
reaction. Compound potency is determined as the
concentration of inhibitor that produces 50%
inhibition relative to the control reaction (without
compound), i.e., IC50. In-vitro Activity towards HgK:
The in vitro activity of the compounds of the
invention toward HgK may be determined by the
following procedure using purified recombinant GST-HGK
(produced via baculovirus expression in insect cells)
and with peptide #1345, KRTLRRKRTLRRKRTLRR produced by
Sugen and New England Peptide (without biotin tag) as
a substrate. The following reagents were also used:
IOOmM Tris 5mM MnCI2 5mM MgCI2 20OmM NaCI 0.8mM CHAPS
ImM DTT 1OmM NaF 10% glycerol ATP/Peptide Mix in HGK
Buffer: ATP 2uM ( 1uM final assay cone.) Peptide 1345A
4OuM (2OuM final assay cone.) 1. Add 10ul/well of a
Whatman 384-well white plate(#7701-3100) using a
Titertek Multi-drop. 2. Add 0.5ul of drug from HTS
compressed drug plate using a Tomtec liquid handler.
3. Prepare HGK enzyme in HGK buffer, 40OnM (final
assay cone. 20OnM). Add 10ul per well using 4. Apricot
Soken. (Add only blank buffer to control wells G and H
13-18) 5. Incubate at 37C for one hour, or until assay
has progressed 70% at room temp. Add 10ul Pro-mega6.
Luciferase reagent which has been diluted 1:3 in a
10OmM Tris, 5mM MgCI2 buffer, and is at room temp. 7.
Read luminescence in an LJL Analyst (Molecular
Devices, Sunnyvale, CA). In-vitro Activity to Inhibit
Osteoporosis and/or Low Bone Mass: Still further, the
following assay(s) may be used to assess the ability
of a compound of the present invention to inhibit
osteoporosis and/or low bone mass, as described above.
( 1 ) Effect of Test Compound on Body Weight. Body
Composition and Bone Density in the Aged Intact and
Ovariectomized Female Rat This assay may be used to
test the effects of a test compound in aged intact or
ovariectomized (OVX) female rat model. Study Protocol
Sprague-Dawley female rats are sham-operated or OVX at
18 months of age, while a group of rats is necropsied
at day 0 to serve as baseline controls. One day
post-surgery, the rats are treated with either vehicle
or test compound. The vehicle or test compound is
administered twice a week (Tuesday and Friday) by
subcutaneous injection (s.c), with the test compound
being administered at an average dose of 10 milligrams
per kilogram of body weight per day (10 mg/kg/day).
All rats are given s.c. injection of 10 mg/kg of
calcein (Sigma, St. Louis, MO) for fluorescent bone
label 2 and 12 days before necropsy. On the day of
necropsy, all rats under ketamine/xylazine anesthesia
are weighed and undergo dual-energy X-ray
absorptiometry (DXA, QDR-4500/W, Hologic Inc.,
Waltham, MA) equipped with Rat Whole Body Scan
software for lean and fat body mass determination. The
rats are necropsied, then autopsied and blood is
obtained by cardiac puncture. The distal femoral
metaphysis and femoral shafts from each rat are
analyzed by peripheral quantitative computerized
tomography (pQCT), and volumetric total, trabecular
and cortical bone mineral content and density are
determined. Peripheral Quantitative Computerized
Tomography (pQCT) Analysis: Excised femurs are scanned
by a pQCT X-ray machine (Stratec XCT Research M,
Norland Medical Systems, Fort Atkinson, Wl.) with
software version 5.40. A 1 millimeter (mm) thick cross
section of the femur metaphysis is taken at 5.0 mm
(proximal femoral metaphysis, a primary cancellous
bone site) and 13 mm (femoral shafts, a cortical bone
site) proximal from the distal end with a voxel size
of 0.10 mm. Cortical bone is defined and analyzed
using contour mode 2 and cortical mode 4. An outer
threshold setting of 340 mg/cm3 is used to distinguish
the cortical shell from soft tissue and an inner
threshold of 529 mg/cm3 to distinguish cortical bone
along the endocortical surface. Trabecular bone is
determined using peel mode 4 with a threshold of 655
mg/cm3 to distinguish (sub)cortical from cancellous
bone. An additional concentric peel of 1% of the
defined cancellous bone is used to ensure that
(sub)cortical bone is eliminated from the analysis.
Volumetric content, density, and area are determined
for both trabecular and corticalbone (Jamsa T . et
al., Bone 23:155-161, 1998; Ke1 H.Z. et al., Journal
of Bone and Mineral Research, 16:765-773, 2001).
Vaginal histology: Vaginal tissue is fixed and
embedded in paraffin. Five micron sections are cut and
stained with Alcian Blue staining. Histology
examination of vaginal luminal epithelial thickness
and mucopolysaccharide (secreted cells) is performed.
The experimental groups for the protocol are as
follows: Group I:Baseline controls Group II: Sham +
Vehicle Group III: OVX + Vehicle Group IV: OVX + Test
Compound at 10 mg/kg/day (in Vehicle) (2) Fracture
Healing Assays (a) Assay For Effects On Fracture
Healing After Systemic Administration Fracture
Technique : Sprage-Dawley rats at 3 months of age are
anesthetized with Ketamine. A 1 cm incision is made on
the anteromedial aspect of the proximal part of the
right tibia or femur. The following describes the
tibial surgical technique. The incision is carried 



through to the bone, and a 1 mm hole is drilled 4 mm
proximal to the distal aspect of the tibial tuberosity
2 mm medial to the anterior ridge. Intramedullary
nailing is performed with a 0.8 mm stainless steel
tube (maximum load 36.3 N, maximum stiffness 61.8
N/mm, tested under the same conditions as the bones).
No reaming of the medullary canal is performed. A
standardized closed fracture is produced 2 mm above
the tibiofibular junction by three-point bending using
specially designed adjustable forceps with blunt jaws.
To minimize soft tissue damage, care is taken not to
displace the fracture. The skin is closed with
monofilament nylon sutures. The operation is performed
under sterile conditions. Radiographs of all fractures
are taken immediately after nailing, and rats with
fractures outside the specified diaphyseal area or
with displaced nails are excluded. The remaining
animals are divided randomly into the following groups
with 10 - 12 animals per each subgroup per time point
for testing the fracture healing. The first group
receives daily gavage of vehicle (water : 100% Ethanol
= 95 : 5) at 1 ml/rat, while the others receive daily
gavage from 0.01 to 100 mg/kg/day of the compound to
be tested (1 ml/rat) for 10, 20, 40 and 80 days. At
10, 20, 40 and 80 days, 10 - 12 rats from each group
are anesthetized with Ketamine and sacrificed by
exsanguination. Both tibiofibular bones are removed by
dissection and all soft tissue is stripped. Bones from
5 - 6 rats for each group are stored in 70% ethanol
for histological analysis, and bones from another 5 -
6 rats for each group are stored in a buffered
Ringer's solution (+4C, pH 7.4) for radiographs and
biomechanical testing which is performed. Histological
Analysis : The methods for histologic analysis of
fractured bone have been previously published by
Mosekilde and Bak (The Effects of Growth Hormone on
Fracture Healing in Rats: A Histological Description.
Bone, 14:19-27, 1993). Briefly, the fracture site
issawed 8 mm to each side of the fracture line,
embedded undecalcified in methymethacrylate, and cut
frontals sections on a Reichert-Jung Polycut microtome
in 8 mm thick. Masson- Trichrome stained mid-frontal
sections (including both tibia and fibula) are used
for visualization of the cellullar and tissue response
to fracture healing with and without treatment. Sirius
red stained sections are used to demonstrate the
characteristics of the callus structure and to
differentiate between woven bone and lamellar bone at
the fracture site. The following measurements are
performed: ( 1 ) fracture gap - measured as the
shortest distance between the cortical bone ends in
the fracture, (2) callus length and callus diameter,
(3) total bone volume area of callus, (4) bony tissue
per tissue area inside the callus area, (5) fibrous
tissue in the callus, and (6) cartilage area in the
callus. Biomechanical Analysis : The methods for
biomechanical analysis have been previously published
by Bak and Andreassen (The Effects of Aging on
Fracture Healing in Rats. Calcif Tissue lnt
45:292-297, 1989). Briefly, radiographs of all
fractures are taken prior to the biomechanical test.
The mechanical properties of the healing fractures are
analyzed by a destructive three- or four-point bending
procedure. Maximum load, stiffness, energy at maximum
load, deflection at maximum load, and maximum stress
are determined, (a) Assay for Effects on Fracture
Healing After Local Administration Fracture Technique
: Female or male beagle dogs at approximately 2 years
of age are used under anesthesia in the study.
Transverse radial fractures are produced by slow
continuous ' loading in three-point bending as
described by Lenehan et al. (Lenehan, T. M.;
Balligand, M.; Nunamaker, D.M.; Wood, F.E.: Effects of
EHDP on Fracture Healing in Dogs. J Orthop Res
3:499-507; 1985). A wire is pulled through the
fracture site to ensure complete anatomical disruption
of the bone. Thereafter, local delivery of
prostaglandin agonists to the fracture site is
achieved by slow release of compound delivered by slow
release pellets or by administration of the compounds
in a suitable formulation such as a paste gel solution
or suspension for 10, 15, or 20 weeks. Histological
Analysis : The methods for histologic analysis of
fractured bone have been previously published by Peter
et al. (Peter, C.P.; Cook, W.O.; Nunamaker, D.M.;
Provost, M. T.; Seedor, J.G.; Rodan, G.A. Effects of
alendronate on fracture healing and bone remodeling in
dogs. J. Orthop. Res. 14:74-70, 1996) and Mosekilde
and Bak (The Effects of Growth Hormone on Fracture
Healing in Rats: A Histological Description. Bone,
14:19-27, 1993). Briefly, after sacrifice, the
fracture site is sawed 3 cm to each side of the
fracture line, embedded undecalcified in
methymethacrylate, and cut on a Reichert-Jung Polycut
microtome in 8 mm thick of frontal sections.
Masson-Trichrome stained mid-frontal sections
(including both tibia and fibula) are used for
visualization of the cellullar and tissue response to
fracture healing with and without treatment. Sirius
red stained sections are used to demonstrate the
characteristics of the callus structure and to
differentiate between woven bone and lamellar bone at
the fracture site.The following measurements are
performed: (1) fracture gap - measured as the shortest
distance between the cortical bone ends in the
fracture, (2) callus length and callus diameter, (3)
total bone volume area of callus, (4) bony tissue per
tissue area inside the callus area, (5) fibrous tissue
in the callus, (6) cartilage area in the callus.
Biomechanical Analysis : The methods for biomechanical
analysis have been previously published by Bak and
Andreassen (The Effects of Aging on Fracture Healing
in Rats. Calcif Tissue lnt 45:292-297, 1989) and Peter
et al. (Peter, C.P.; Cook, W.O.; Nunamaker, D.M.;
Provost, M. T.; Seedor, J.G.; Rodan, G.A. Effects of
Alendronate On Fracture Healing And Bone Remodeling In
Dogs. J. Orthop. Res. 14:74-70, 1996). Briefly,
radiographs of all fractures are taken prior to the
biomechanical test. The mechanical properties of the
healing fractures are analyzed by a destructive three-
or four-point bending procedures. Maximum load,
stiffness, energy at maximum load, deflection at
maximum load, and maximum stress are determined.
Methods for Treating Abnormal Cell Growth in a Mammal
This invention also relates to a method for the
treatment of abnormal cell growth in a mammal,
including a human, comprising administering to said
mammal an amount of a compound of the invention, as
defined above, or a pharmaceutically acceptable salt,
solvate or prodrug thereof, that is effective in
treating abnormal cell growth. In one embodiment of
this method, the abnormal cell growth is cancer,
including, but not limited to, lung cancer, bone
cancer, pancreatic cancer, skin cancer, cancer of the
head or neck, cutaneous or intraocular melanoma,
uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer,
breast cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, prostate cancer, chronic or acute
leukemia, lymphocytic lymphomas, cancer of the
bladder, cancer of the kidney or ureter, renal cell
carcinoma, carcinoma of the renal pelvis, neoplasms of
the central nervous system (CNS), primary CNS
lymphoma, spinal axis tumors, brain stem glioma,
pituitary adenoma, or a combination of one or more of
the foregoing cancers. In one embodiment the method
comprises comprising administering to a mammal an
amount of a compound of the invention that is
effective in treating said cancer solid tumor. In one
preferred embodiment the solid tumor is breast, lung,
colon, brain, prostate, stomach, pancreatic, ovarian,
skin (melanoma), endocrine, uterine, testicular, and
bladder cancer.In another embodiment of said method,
said abnormal cell growth is a benign proliferative
disease, including, but not limited to, psoriasis,
benign prostatic hypertrophy or restinosis. This
invention also relates to a method for the treatment
of abnormal cell growth in a mammal which comprises
administering to said mammal an amount of a compound
of the invention, or a pharmaceutically acceptable
salt, solvate or prodrug thereof, that is effective in
treating abnormal cell growth in combination with an
anti-tumor agent selected from the group consisting of
mitotic inhibitors, alkylating agents,
anti-metabolites, intercalating antibiotics, growth
factor inhibitors, cell cycle inhibitors, enzymes,
topoisomerase inhibitors, biological response
modifiers, antibodies, cytotoxics, anti-hormones, and
anti-androgens. This invention also relates to a
pharmaceutical composition for the treatment of
abnormal cell growth in a mammal, including a human,
comprising an amount of a compound of the invention,
as defined above, or a pharmaceutically acceptable
salt, solvate or prodrug thereof, that is effective in
treating abnormal cell growth, and a pharmaceutically
acceptable carrier. In one embodiment of said
composition, said abnormal cell growth is cancer,
including, but not limited to, lung cancer, bone
cancer, pancreatic cancer, skin cancer, cancer of the
head or neck, cutaneous or intraocular melanoma,
uterine cancer, ovarian cancer, rectal cancer, cancer
of the anal region, stomach cancer, colon cancer,
breast cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft 



tissue, cancer of the urethra, cancer of the penis,
prostate cancer, chronic or acute leukemia,
lymphocytic lymphomas, cancer of the bladder, cancer
of the kidney or ureter, renal cell carcinoma,
carcinoma of the renal pelvis, neoplasms of the
central nervous system (CNS), primary CNS lymphoma,
spinal axis tumors, brain stem glioma, pituitary
adenoma, or a combination of one or more of the
foregoing cancers. In another embodiment of said
pharmaceutical composition, said abnormal cell growth
is a benign proliferative disease, including, but not
limited to, psoriasis, benign prostatic hypertrophy or
restinosis. This invention also relates to a method
for the treatment of abnormal cell growth in a mammal
which comprises administering to said mammal an amount
of a compound of the invention, or a pharmaceutically
acceptable salt, solvate or prodrug thereof, that is
effective in treating abnormal cell growth in
combination with another anti-tumor agent selected
from the group consisting of mitotic inhibitors,
alkylating agents, anti-metabolites, intercalating
antibiotics, growth factor inhibitors, cell cycle
inhibitors, enzymes, topoisomerase inhibitors,
biological response modifiers, antibodies, cytotoxics,
anti-hormones, and anti-androgens. The invention also
contemplates a pharmaceutical composition for treating
abnormal cellgrowth wherein the composition includes a
compound of the invention, as defined above, or a
pharmaceutically acceptable salt, solvate or prodrug
thereof, that is effective in treating abnormal cell
growth, and another anti-tumor agent selected from the
group consisting of mitotic inhibitors, alkylating
agents, anti-metabolites, intercalating antibiotics,
growth factor inhibitors, cell cycle inhibitors,
enzymes, topoisomerase inhibitors, biological response
modifiers, antibodies, cytotoxics, anti-hormones, and
anti-androgens. This invention also relates to a
method for the treatment of a disorder associated with
angiogenesis in a mammal, including a human,
comprising administering to said mammal an amount of a
compound of the invention, as defined above, or a
pharmaceutically acceptable salt, solvate or prodrug
thereof, that is effective in treating said disorder
in combination with one or more anti-tumor agents
listed above. Such disorders include cancerous tumors
such as melanoma; ocular disorders such as age-related
macular degeneration, presumed ocular histoplasmosis
syndrome, and retinal neovascularization from
proliferative diabetic retinopathy; rheumatoid
arthritis; bone loss disorders such as osteoporosis,
Paget's disease, humoral hypercalcemia of malignancy,
hypercalcemia from tumors metastatic to bone, and
osteoporosis induced by glucocorticoid treatment;
coronary restenosis; and certain microbial infections
including those associated with microbial pathogens
selected from adenovirus, hantaviruses, Borrelia
burgdorferi, Yersinia spp., Bordetella pertussis, and
group A Streptococcus. This invention also relates to
a method of (and to a pharmaceutical composition for)
treating abnormal cell growth in a mammal which
comprise an amount of a compound of the invention, or
a pharmaceutically acceptable salt, solvate or prodrug
thereof, in combination with an amount of one or more
substances selected from anti-angiogenesis agents,
signal transduction inhibitors, and antiproliferative
agents, which amounts are together effective in
treating said abnormal cell growth. Anti-angiogenesis
agents, such as MMP-2 (matrix-metalloprotienase 2)
inhibitors, MMP-9 (matrix-metalloprotienase 9)
inhibitors, and COX-II (cyclooxygenase II) inhibitors,
can be used in conjunction with a compound of the
invention in the methods and pharmaceutical
compositions described herein. Examples of useful
COX-II inhibitors include CELEBREX(tm) (celecoxib),
Bextra (valdecoxib), paracoxib, Vioxx (rofecoxib), and
Arcoxia (etoricoxib). Examples of useful matrix
metalloproteinase inhibitors are described in WO
96/33172 (published October 24, 1996), WO 96/27583
(published March 7, 1996), European Patent Application
No. 97304971.1 (filed July 8, 1997), European Patent
Application No. 99308617.2 (filed October 29, 1999),
WO 98/07697 (published February 26, 1998), WO 98/03516
(published January 29, 1998), WO 98/34918 (published
August 13, 1998), WO 98/34915 (published August 13,
1998), WO 98/33768 (published August 6, 1998), WO
98/30566 (published July 16, 1998), European Patent
Publication 606,046 (published July 13, 1994),European
Patent Publication 931,788 (published July 28, 1999),
WO 90/05719 (published May 331, 1990), WO 99/52910
(published October 21, 1999), WO 99/52889 (published
October 21, 1999), WO 99/29667 (published June 17,
1999), PCT International Application No.
PCT/IB98/01113 (filed July 21, 1998), European Patent
Application No. 99302232.1 (filed March 25, 1999),
Great Britain patent application number 9912961.1
(filed June 3, 1999), United States Provisional
Application No. 60/148,464 (filed August 12, 1999),
United States Patent 5,863,949 (issued January 26,
1999), United States Patent 5,861,510 (issued January
19, 1999), and European Patent Publication 780,386
(published June 25, 1997), all of which are herein
incorporated by reference in their entirety. Preferred
MMP-2 and MMP-9 inhibitors are those that have little
or no activity inhibiting MMP-1. More preferred, are
those that selectively inhibit MMP-2 and/or MMP-9
relative to the other matrix-metalloproteinases (i.e.
MMP-1, MMP- 3, MMP-4, MMP-5, MMP-6, MMP-7, MMP-8,
MMP-1 0, MMP-1 1, MMP-1 2, and MMP-1 3). Some specific
examples of MMP inhibitors useful in combination with
the compounds of the present invention are AG-3340, RO
32-3555, RS 13-0830, and the compounds recited in the
following list:
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoyl-cyclopentyl)-amino]- propionic acid;
S-exo-S-^-^-fluoro-phenoxyJ-benzenesulfonylaminol-
d-oxa-bicyclo .i ctane- - carboxylic acid
hydroxyamide; (2R, 3R)
1-[4-(2-chloro-4-fluoro-benzyloxy)-benzenesulfonyl]-3-
hydroxy-3-methylpiperidine- 2-carboxylic acid
hydroxyamide;
4-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-pyran-4-carboxylic acid hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoyl-cyclobutyl)-amino]- propionic acid;
4-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-pyran-4-carboxylic acid hydroxyamide;
3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-pyran-3-carboxylic acid hydroxyamide; (2R, 3R)
1-[4-(4-fluoro-2-methyl-benzyloxy)-benzenesulfonyl]-3-
hydroxy-3-methylpiperidine- 2-carboxylic acid
hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(1-hydroxyca
rbamoyl-1-methyl-ethyl)- amino]-propionic acid;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-(4-hydroxyca
rbamoyl-tetrahydro-pyran-4- yl)-amino]-propionic acid;
3-exo-3-[4-(4-chloro-phenoxy)-benzenesulfonylamino]-8-
oxa-bicyclo[3.2.1]octane-3- carboxylic acid
hydroxyamide;
3-endo-3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-8
-oxa-bicyclo[3.2.1]octane-3- carboxylic acid
hydroxyamide; and
3-[4-(4-fluoro-phenoxy)-benzenesulfonylamino]-tetrahyd
ro-furan-3-carboxylic acid hydroxyamide; and
pharmaceutically acceptable salts, solvates and
prodrugs of said compounds. VEGF inhibitors, for
example, SU-11248, SU-5416 and SU-6668 (Sugen Inc. of
South San Francisco, California, USA), can also be
combined with a compound of the invention. VEGF
inhibitors are described in, for example in WO
99/24440 (published May 20, 1999), PCT International
Application PCT/IB99/00797 (filed May 3, 1999), in WO
95/21613 (published August 17, 1995), WO 99/61422
(published December 2, 1999), United States Patent
5,834,504 (issued November 10, 1998), WO 98/50356
(published November 12, 1998), United States Patent
5,883,113 (issued March 16, 1999), United States
Patent 5,886,020 (issued March 23, 1999), United
States Patent 5,792,783 (issued August 11, 1998), U.S.
Patent No. US 6,653,308 (issued November 25, 2003), WO
99/10349 (published March 4, 1999), WO 97/32856
(published September 12, 1997), WO 97/22596 (published
June 26, 1997), WO 98/54093 (published December 3,
1998), WO 98/02438 (published January 22, 1998), WO
99/16755 (published April 8, 1999), and WO 98/02437
(published January 22, 1998), all of which are herein
incorporated by reference in their entirety. Other
examples of some specific VEGF inhibitors are IM862
(Cytran Inc. of Kirkland, Washington, USA); Avastin,
an anti-VEGF monoclonal antibody of Genentech, Inc. of
South San Francisco, California; and angiozyme, a
synthetic ribozyme from Ribozyme (Boulder, Colorado)
and Chiron (Emeryville, California). ErbB2 receptor
inhibitors, such as GW-282974 (Glaxo Wellcome pic),
and the monoclonal antibodies AR-209 (Aronex
Pharmaceuticals Inc. of The Woodlands, Texas, USA) and
2B-1 (Chiron), may be administered in combination with
a compound of the invention. Such erbB2 inhibitors
include Herceptin, 2C4, and pertuzumab. Such erbB2
inhibitors include those described in WO 98/02434
(published January 22, 1998), WO 99/35146 (published
July 15, 1999), WO 99/35132 (published July 15, 1999),
WO 98/02437 



(published January 22, 1998), WO 97/13760 (published
April 17, 1997), WO 95/19970 (published July 27,
1995), United States Patent 5,587,458 (issued December
24, 1996), and United States Patent 5,877,305 (issued
March 2, 1999), each of which is herein incorporated
by reference in its entirety. ErbB2 receptor
inhibitors useful in the present invention are also
described in United States Provisional Application No.
60/117,341, filed January 27, 1999, and in United
States Provisional Application No. 60/117,346, filed
January 27, 1999, both of which are herein
incorporated by reference in their entirety. Other
erbb2 receptor inhibitors include TAK-1 65 (Takeda)
and GW-57201 6 (Glaxo-Wellcome). Various other
compounds, such as styrene derivatives, have also been
shown to possess tyrosine kinase inhibitory
properties, and some of tyrosine kinase inhibitors
havebeen identified as erbB2 receptor inhibitors. More
recently, five European patent publications, namely EP
0 566 226 A 1 (published October 20, 1993), EP 0 602
851 A 1 (published June 22, 1994), EP 0 635 507 A 1
(published January 25, 1995), EP 0 635 498 A 1
(published January 25, 1995), and EP 0 520 722 A 1
(published December 30, 1992), refer to certain
bicyclic derivatives, in particular quinazoline
derivatives, as possessing anti-cancer properties that
result from their tyrosine kinase inhibitory
properties. Also, World Patent Application WO 92/20642
(published November 26, 1992), refers to certain
bis-mono and bicyclic aryl and heteroaryl compounds as
tyrosine kinase inhibitors that are useful in
inhibiting abnormal cell proliferation. World Patent
Applications WO96/16960 (published June 6, 1996), WO
96/09294 (published March 6, 1996), WO 97/30034
(published August 21, 1997), WO 98/02434 (published
January 22, 1998), WO 98/02437 (published January 22,
1998), and WO 98/02438 (published January 22, 1998),
also refer to substituted bicyclic heteroaromatic
derivatives as tyrosine kinase inhibitors that are
useful for the same purpose. Other patent applications
that refer to anti-cancer compounds are World Patent
Application WO00/44728 (published August 3, 2000), EP
1029853A1 (published August 23, 2000), and WO01/98277
(published December 12, 2001) all of which are
incorporated herein by reference in their entirety.
Other antiproliferative agents that may be used with
the compounds of the present invention include
inhibitors of the enzyme famesyl protein transferase
and inhibitors of the receptor tyrosine kinase PDGFr,
including the compounds disclosed and claimed in the
following United States patent applications: 09/221946
(filed December 28, 1998); 09/454058 (filed December
2, 1999); 09/501163 (filed February 9, 2000);
09/539930 (filed March 31, 2000); 09/202796 (filed May
22, 1997); 09/384339 (filed August 26, 1999); and
09/383755 (filed August 26, 1999); and the compounds
disclosed and claimed in the following United States
provisional patent applications: 60/168207 (filed
November 30, 1999); 60/1701 19 (filed December 10,
1999); 60/177718 (filed January 21, 2000); 60/168217
(filed November 30, 1999), and 60/200834 (filed May 1,
2000). Each of the foregoing patent applications and
provisional patent applications is herein incorporated
by reference in their entirety. A compound of the
invention may also be used with other agents useful in
treating abnormal cell growth or cancer, including,
but not limited to, agents capable of enhancing
antitumor immune responses, such as CTLA4 (cytotoxic
lymphocyte antigen 4) antibodies, and other agents
capable of blocking CTLA4; and anti-proliferative
agents such as other farnesyl protein transferase
inhibitors, for example the famesyl protein
transferase inhibitors described in the references
cited in the "Background" section, supra. Specific
CTLA4 antibodies that can be used in the present
invention include those described in United States
Provisional Application 60/113,647 (filed December 23,
1998) which is herein incorporated by reference in its
entirety.A compound of the invention may be applied as
a sole therapy or may involve one or more other
anti-tumor substances, for example those selected
from, for example, mitotic inhibitors, for example
vinblastine; alkylating agents, for example
cis-platin, oxaliplatin, carboplatin and
cyclophosphamide; anti-metabolites, for example
5-fluorouracil, capecitabine, cytosine arabinoside and
hydroxyurea, or, for example, 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; growth factor inhibitors; cell cycle
inhibitors; intercalating antibiotics, for example
adriamycin and bleomycin; enzymes, for example
interferon; and anti-hormones, for example
anti-estrogens such as Nolvadex (tamoxifen) or, for
example anti-androgens such as Casodex (4'-cyano-3-(4-
fluorophenylsulphonyl)-2-hydroxy-2-methyl-3'-(trifluor
omethyl)propionanilide). The compounds of the present
invention may be used alone or in combination with one
or more of a variety of anti-cancer agents or
supportive care agents. For example, the compounds of
the present invention may be used with cytotoxic
agents, e.g., one or more selected from the group
consisting of a camptothecin, irinotecan HCI
(Camptosar), edotecarin, SlM 1248, epirubicin
(Ellence), docetaxel (Taxotere), paclitaxel, rituximab
(Rituxan) bevacizumab (Avastin), imatinib mesylate
(Gleevac), Erbitux, gefitinib (Iressa), and
combinations thereof. The invention also contemplates
the use of the compounds of the present invention
together with hormonal therapy, e.g., exemestane
(Aromasin), Lupron, anastrozole (Arimidex), tamoxifen
citrate (Nolvadex), Trelstar, and combinations
thereof. Further, the invention provides a compound of
the present invention alone or in combination with one
or more supportive care products, e.g., a product
selected from the group consisting of Filgrastim
(Neupogen), ondansetron (Zofran), Fragmin, Procrit,
Aloxi, Emend, or combinations thereof. Such conjoint
treatment may be achieved by way of the simultaneous,
sequential or separate dosing of the individual
components of the treatment. The compounds of the
invention may be used with antitumor agents,
alkylating agents, antimetabolites, antibiotics,
plant-derived antitumor agents, camptothecin
derivatives, tyrosine kinase inhibitors, antibodies,
interferons, and/or biological response modifiers. In
this regard, the following is a non-limiting list of
examples of secondary agents that may be used with the
compounds of the invention.  Alkylating agents
include, but are not limited to, nitrogen mustard
N-oxide, cyclophosphamide, ifosfamide, melphalan,
busulfan, mitobronitol, carboquone, thiotepa,
ranimustine, nimustine, temozolomide, AMD-473,
altretamine, AP-5280, apaziquone, brostallicin,
bendamustine, carmustine, estramustine, fotemustine,
glufosfamide, ifosfamide, KW-2170, mafosfamide, and
mitolactol; platinumcoordinated alkylating compounds
include but are not limited to, cisplatin,
carboplatin, eptaplatin, lobaplatin, nedaplatin,
oxaliplatin or satrplatin; Antimetabolites include but
are not limited to, methotrexate, 6-mercaptopurine
riboside, mercaptopurine, 5-fluorouracil (5-FU) alone
or in combination with leucovorin, tegafur, UFT,
doxifluridine, carmofur, cytarabine, cytarabine
ocfosfate, enocitabine, S-1, gemcitabine, fludarabin,
5-azacitidine, capecitabine, cladribine, clofarabine,
decitabine, eflomithine, ethynylcytidine, cytosine
arabinoside, hydroxyurea, TS-1, melphalan, nelarabine,
nolatrexed, ocfosfate, disodium premetrexed,
pentostatin, pelitrexol, raltitrexed, triapine,
trimetrexate, vidarabine, vincristine, vinorelbine; or
for example, 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;  Antibiotics include but are not
limited to: aclarubicin, actinomycin D, amrubicin,
annamycin, bleomycin, daunorubicin, doxorubicin,
elsamitrucin, epirubicin, galarubicin, idarubicin,
mitomycin C, nemorubicin, neocarzinostatin,
peplomycin, pirarubicin, rebeccamycin, stimalamer,
streptozocin, valrubicin or zinostatin;  Hormonal
therapy agents, e.g., exemestane (Aromasin), Lupron,
anastrozole (Arimidex), doxercalciferol, fadrozole,
formestane, anti-estrogens such as tamoxifen citrate
(Nolvadex) and fulvestrant, Trelstar, toremifene,
raloxifene, lasofoxifene, letrozole (Femara), or
anti-androgens such as bicalutamide, flutamide,
mifepristone, nilutamide, Casodex(r)
(4'-cyano-3-(4-fluorophenylsulphonyl)-2-hydroxy-2-meth
yl-3'- (trifluoromethyl)propionanilide) and
combinations thereof;  Plant derived anti-tumor
substances include for example those selected from
mitotic inhibitors, for example vinblastine, docetaxel
(Taxotere) and paclitaxel;  Cytotoxic topoisomerase
inhibiting agents include one or more agents selected
from the group consisting of aclarubicn, amonafide,
belotecan, camptothecin, 10- hydroxycamptothecin,
9-aminocamptothecin, diflomotecan, irinotecan HCI
(Camptosar), edotecarin, epirubicin (Ellence),
etoposide, exatecan, gimatecan, lurtotecan,
mitoxantrone, pirarubicin, pixantrone, rubitecan,
sobuzoxane, SN-38, tafluposide, and topotecan, and
combinations thereof;  Immunologicals include
interferons and numerous other immune enhancing
agents. Interferons include interferon alpha,
interferon alpha-2a, interferon, alpha-2b, interferon
beta, interferon gamma-1a or interferon gamma-n1.
Other agents include PF3512676, filgrastim, lentinan,
sizofilan, TheraCys, ubenimex, WF-10, aldesleukin, 



alemtuzumab, BAM-002, dacarbazine, daclizumab,
denileukin, gemtuzumab ozogamicin, ibritumomab,
imiquimod, lenograstim, lentinan, melanoma vaccine
(Corixa), molgramostim, OncoVAX-CL, sargramostim,
tasonermin, tecleukin, thymalasin, tositumomab,
Virulizin, Z-100, epratuzumab, mitumomab, oregovomab,
pemtumomab, Provenge; Biological response modifiers
are agents that modify defense mechanisms of living
organisms or biological responses, such as survival,
growth, or differentiation of tissue cells to direct
them to have anti-tumor activity. Such agents include
krestin, lentinan, sizofiran, picibanil, or ubenimex;
Other anticancer agents include alitretinoin,
ampligen, atrasentan bexarotene, bortezomib. Bosentan,
calcitriol, exisulind, finasteride.fotemustine,
ibandronic acid, miltefosine, mitoxantrone,
l-asparaginase, procarbazine, dacarbazine,
hydroxycarbamide, pegaspargase, pentostatin,
tazarotne, TLK-286, Velcade, Tarceva, or tretinoin;
Other anti-angiogenic compounds include acitretin,
fenretinide, thalidomide, zoledronic acid,
angiostatin, aplidine, cilengtide, combretastatin A-4,
endostatin, halofuginone, rebimastat, removab,
Revlimid, squalamine, ukrain and Vitaxin;
Platinum-coordinated compounds include but are not
limited to, cisplatin, carboplatin, nedaplatin, or
oxaliplatin;  Camptothecin derivatives include but are
not limited to camptothecin, 10- hydroxycamptothecin,
9-aminocamptothecin, irinotecan, SN-38, edotecarin,
and topotecan;  Tyrosine kinase inhibitors are lressa
or SU5416;  Antibodies include Herceptin, Erbitux,
Avastin, or Rituximab;  Interferons include interferon
alpha, interferon alpha-2a, interferon, alpha-2b,
interferon beta, interferon gamma-1a or interferon
gamma-n1;  Biological response modifiers are agents
that modify defense mechanisms of living organisms or
biological responses, such as survival, growth, or
differentiation of tissue cells to direct them to have
anti-tumor activity. Such agents include krestin,
lentinan, sizofiran, picibanil, or ubenimex; and Other
antitumor agents include mitoxantrone, l-asparaginase,
procarbazine, dacarbazine, hydroxycarbamide,
pentostatin, or tretinoin. "Abnormal cell growth", as
used herein, unless otherwise indicated, refers to
cell growth that is independent of normal regulatory
mechanisms (e.g., loss of contact inhibition). This
includes 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; (4) any tumors that
proliferate by receptor tyrosine kinases; (5) any
tumors that proliferate by aberrant serine/threonine
kinase activation; and (6) benign and malignant cells
of other proliferative diseases in which aberrant
serine/threonine kinase activation occurs. The
compounds of the present invention are potent
inhibitors of the FAK, Aurora-1, Aurora-2 and HgK
protein tyrosine kinases, and thus are all adapted to
therapeutic use asantiproliferative agents
anticancer), antitumor (e.g., effective against solid
tumors), antiangiogenesis (e.g., stop or prevent
proliferationation of blood vessels) in mammals,
particularly in humans. In particular, the compounds
of the present invention are useful in the prevention
and treatment of a variety of human hyperproliferative
disorders such as malignant and benign tumors of the
liver, kidney, bladder, breast, gastric, ovarian,
colorectal, prostate, pancreatic, lung, vulval,
thyroid, hepatic carcinomas, sarcomas, glioblastomas,
head and neck, and other hyperplastic conditions such
as benign hyperplasia of the skin (e^g., psoriasis)
and benign hyperplasia of the prostate (e g., BPH). It
is, in addition, expected that a compound of the
present invention may possess activity against a range
of leukemias and lymphoid malignancies. In one
preferred embodiment of the present invention cancer
is selected from lung cancer, bone cancer, pancreatic
cancer, gastric, skin cancer, cancer of the head or
neck, cutaneous or intraocular melanoma, uterine
cancer, ovarian cancer, gynecological, rectal cancer,
cancer of the anal region, stomach cancer, colon
cancer, breast cancer, uterine cancer, carcinoma of
the fallopian tubes, carcinoma of the endometrium,
carcinoma of the cervix; carcinoma of the vagina,
carcinoma of the vulva, Hodgkin's Disease, cancer of
the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland,
cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, squamous cell, prostate cancer,
chronic or acute leukemia, lymphocytic lymphomas,
cancer of the bladder, cancer of the kidney or ureter,
renal cell carcinoma, carcinoma of the renal pelvis,
neoplasms of the central nervous system (CNS), primary
CNS lymphoma, spinal axis tumors, brain, pituitary
adenoma, or a combination of one or more of the
foregoing cancers. In a more preferred embodiment
cancer is selected a solid tumor, such as, but not
limited to, breast, lung, colon, brain (e.g.,
glioblastoma), prostate, stomach, pancreatic, ovarian,
skin (melanoma), endocrine, uterine, testicular, and
bladder. The compounds of the present invention may
also be useful in the treatment of additional
disorders in which aberrant expression ligand/receptor
interactions or activation or signalling events
related to various protein tyrosine kinases, are
involved. Such disorders may include those of
neuronal, glial, astrocytal, hypothalamic, and other
glandular, macrophagal, epithelial, stromal, and
blastocoelic nature in which aberrant function,
expression, activation or signalling of the erbB
tyrosine kinases are involved. In addition, the
compounds of the present invention may have
therapeutic utility in inflammatory, angiogenic and
immunologic disorders involving both identified and as
yet unidentified tyrosine kinases that are inhibited
by the compounds of the present invention. A
particular aspect of this invention is directed to
methods for treating or preventing a condition that
presents with low bone mass in a mammal (including a
human being) whichcomprise administering to a mammal
in need of such treatment a condition that presents
with low bone mass treating amount of a compound of
the invention or a pharmaceutically acceptable salt of
said compound. This invention is particularly directed
to such methods wherein the condition that presents
with low bone mass is osteoporosis, frailty, an
osteoporotic fracture, a bone defect, childhood
idiopathic bone loss, alveolar bone loss, mandibular
bone loss, bone fracture, osteotomy, periodontitis or
prosthetic ingrowth. A particular aspect of this
invention is directed to methods for treating
osteoporosis in a mammal (including a human being)
which comprise administering to a mammal in need of
such treatment an osteoporosis treating amount of a
compound of the invention or a pharmaceutically
acceptable salt of said compound. Another aspect of
this invention is directed to methods for treating a
bone fracture or an osteoporotic fracture in a mammal
which comprise administering to a mammal in need of
such treatment a bone fracture treating or an
osteoporotic fracture treating amount of a compound of
the invention or a pharmaceutically acceptable salt of
said compound. The term "osteoporosis" includes
primary osteoporosis, such as senile, postmenopausal
and juvenile osteoporosis, as well as secondary
osteoporosis, such as osteoporosis due to
hyperthyroidism or Gushing syndrome (due to
corticosteroid use), acromegaly, hypogonadism,
dysosteogenesis and hypophospatasemia. 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. The present invention
also provides a pharmaceutical composition comprising
a compound of formula (I), or a pharmaceutically
acceptable salt or solvate thereof, as hereinbefore
defined in association with a pharmaceutically
acceptable adjuvant, diluent or carrier. The invention
further provides a process for the preparation of a
pharmaceutical composition of the invention which
comprises mixing a compound of formula (I), or a
pharmaceutically acceptable salt or solvate thereof,
as hereinbefore defined with a pharmaceutically
acceptable adjuvant, diluent or carrier. For the
above-mentioned therapeutic uses the dosage
administered will, of course, vary with the compound
employed, the mode of administration, the treatment
desired and the disorder indicated. The daily dosage
of the compound of formula (l)/salt/solvate (active
ingredient) may be in the range from 1 mg to 1 gram,
preferably 1 mg to 250 mg, more preferably 10 mg to
100 mg.The present invention also encompasses
sustained release compositions. 



Methods for Administering the Compounds of the
Invention Administration of the compounds of the
present invention (hereinafter the "active
compound(s)") can be effected by any method that
enables delivery of the compounds to the site of
action. These methods include oral routes,
intraduodenal routes, parenteral injection (including
intravenous, subcutaneous, intramuscular,
intravascular or infusion), topical, and rectal
administration. The amount of the active compound
administered will be dependent on the subject being
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 1 to about 35
mg/kg/day, in single or divided doses. For a 70 kg
human, this would amount to about 0.05 to about 7
g/day, preferably about 0.2 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 any harmful side effect, provided that
such larger doses are first divided into several small
doses for administration throughout the day. The
active compound may be applied as a sole therapy or
may involve one or more other anti-tumour substances,
for example those selected from, for example, mitotic
inhibitors, for example vinblastine; alkylating
agents, for example cis-platin, carboplatin and
cyclophosphamide; anti-metabolites, for example
5-fluorouracil, cytosine arabinoside and hydroxyurea,
or, for example, 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;
growth factor inhibitors; cell cycle inhibitors;
intercalating antibiotics, for example adriamycin and
bleomycin; enzymes, for example interferon; and
anti-hormones, for example anti-estrogens such as
Nolvadex(r) (tamoxifen) or, for example anti-androgens
such as Casodex(r) (4'-cyano-3-(4-
fluorophenylsulphonyl)-2-hydroxy-2-methyl-3'-(trifluor
omethyl)propionanilide). Such conjoint treatment may
be achieved by way of the simultaneous, sequential or
separate dosing of the individual components of the
treatment. The pharmaceutical composition may, for
example, be in a form suitable for oral administration
as a tablet, capsule, pill, powder, sustained release
formulations, solution, suspension, for parenteral
injection as a sterile solution, suspension or
emulsion, for topical administration as an ointment or
cream or for rectal administration as a suppository.
The pharmaceutical composition may be in unit dosage
forms suitable for single administration of precise
dosages. The pharmaceutical composition will include a
conventional pharmaceuticalcarrier or excipient and a
compound according to the invention as an active
ingredient. In addition, it may include other
medicinal or pharmaceutical agents, carriers,
adjuvants, etc. Exemplary parenteral administration
forms include solutions or suspensions of active
compounds in sterile aqueous solutions, for example,
aqueous propylene glycol or dextrose solutions. Such
dosage forms can be suitably buffered, if desired.
Suitable pharmaceutical carriers include inert
diluents or fillers, water and various organic
solvents. The pharmaceutical compositions may, if
desired, contain additional ingredients such as
flavorings, binders, excipients and the like. Thus for
oral administration, tablets containing various
excipients, such as citric acid may be employed
together with various disintegrants such as starch,
alginic acid and certain complex silicates and with
binding agents such as sucrose, gelatin and acacia.
Additionally, lubricating agents such as magnesium
stearate, sodium lauryl sulfate and talc are often
useful for tableting purposes. Solid compositions of a
similar type may also be employed in soft and hard
filled gelatin capsules. Preferred materials,
therefore, include lactose or milk sugar and high
molecular weight polyethylene glycols. When aqueous
suspensions or elixirs are desired for oral
administration the active compound therein may be
combined with various sweetening or flavoring agents,
coloring matters or dyes and, if desired, emulsifying
agents or suspending agents, together with diluents
such as water, ethanol, propylene glycol, glycerin, or
combinations thereof. Methods of preparing various
pharmaceutical compositions with a specific amount of
active compound are known, or will be apparent, to
those skilled in this art. For examples, see
Remington's Pharmaceutical Sciences. Mack Publishing
Company, Easter, Pa., 15th Edition (1975). The
examples and preparations provided below further
illustrate and exemplify the compounds of the present
invention and methods of preparing such compounds. It
is to be understood that the scope of the present
invention is not limited in any way by the scope of
the following examples and preparations. In the
following examples molecules with a single chiral
center, unless otherwise noted, exist as a racemic
mixture. Those molecules with two or more chiral
centers, unless otherwise noted, exist as a racemic
mixture of diastereomers. Single
enantiomers/diastereomers may be obtained by methods
known to those skilled in the art. Examples Where HPLC
chromatography is referred to in the preparations and
examples below, the general conditions used, unless
otherwise indicated, are as follows. The column used
is a ZORBAX(tm) RXC18 column (manufactured by Hewlett
Packard) of 150 mm distance and 4.6 mm interior
diameter. The samples are run on a Hewlett
Packard-1100 system. A gradient solvent method is used
running 100 percent ammonium acetate / acetic acid
buffer (0.2 M) to 100 percent acetonitrile over 10
minutes. The system then proceeds on a wash cycle
with100 percent acetonitrile for 1.5 minutes and then
100 percent buffer solution for 3 minutes. The flow
rate over this period is a constant 3 mL / minute.
Examples General Methods: HPLC Methods Where HPLC
chromatography is referred to in the preparations and
examples, the general conditions used, unless
otherwise indicated, are as follows. The column used
is a ZORBAX(tm) Eclipse XDB-C8 column (manufactured by
Agilent) of 150 mm distance and 4.6 mm interior
diameter. The samples are run on a Agilent 1100 series
system. A gradient solvent method is used running 100
percent ammonium acetate / acetic acid buffer (0.2M)
to a mixture of 15 percent ammonium acetate / acetic
acid buffer (0.2M) and 85 percent acetonitrile over 8
minutes and then to 100 percent acetonitrile over 1
minute. The system then proceeds on a wash cycle
running 100 percent acetonitrile to 100 percent buffer
solution for 2 minutes. The flow rate over this period
is a constant 3 mL / minute. Other specified methods
follow. Method A1 HPLC analyses were obtained using a
Reliasil BDX-C18 column (4.6 100 mm) with UV detection
at 223 nm (Method A) or a Symmetry C18 column (4.6
250mm) with UV detection at 254 nm (Method B) using a
standard solvent gradient program. A = Water with
0.05% v/v Trifluoroacetic Acid, B = Acetonitrile with
0.05% v/v Trifluoroacetic Acid Method B1 A = Water
with 0.05% v/v Trifluoroacetic Acid, B = Acetonitrile
with 0.05% v/v Trifluoroacetic Acid Method A : Column:
Xterra MS C 18 (4.6 X 50 mm, 3.5 urn). Gradient:
H2O/CH3CN/2% NH4OH in H2O from 85:10:5 at 0 min to
0:95:5 at 5 min at 2 ml/min.Method B: Column: Atlantis
dC18 (4.6 X 50 mm, 5 urn). Gradient: H2O/CH3CN/1 % TFA
in H2O from 85/10/5 to 25/70/5 within 5 min at 2
ml/min. Method C: Column: Xterra MS C8 (4.6 X 50 mm,
3.5 urn). Gradient: H2O/CH3CN/2% NH4OH in H2Ofrom
90/5/5 to 35/60/5 within 5 min at 2 ml/min. Method D:
Column: Waters Symmetry C8 (4.6 X 50 mm, 4.6 urn).
Gradient: H2O/CH3CN/1% TFA in H2O from 94:5:1 at 0 min
to 4:95:1 at 3.5 min, from 4:95:1 at 3.5 min to 4:95:1
at 4 min at 2 ml/min. Method E: Where HPLC
chromatography is referred to in the preparations and
examples, the general conditions used, unless
otherwise indicated, are as follows. The column used
is a ZORBAX(tm) Eclipse XDB-C8 column (manufactured by
Agilent) of 150 mm distance and 4.6 mm interior
diameter. The samples are run on a Agilent 1100 series
system. A gradient solvent method is used running 100
percent ammonium acetate / acetic acid buffer (0.2M)
to a mixture of 15 percent ammonium acetate / acetic
acid buffer (0.2M) and 85 percent acetonitrile over 8
minutes and then to 100 percent acetonitrile over 1
minute. The system then proceeds on a wash cycle
running 100 percent acetonitrile to 100 percent buffer
solution for 2 minutes. The flow rate over this period
is a constant 3 mL / minute. Method F: Where LCMS
chromatography is referred to in the preparations and
examples, the general conditions used, unless
otherwise indicated, are as follows. The Gilson(tm)
215 liquid 



handler is used, fitted with a Varian C8 column and
Gilson HPLC pump. The chromatography system uses
binary solvent system consisting of and an acidic
solution (composed of 98 percent water, 1.99 percent
acetonitrile and .01 percent formic acid) and an
acetonitrile solution (composed of 99.995 percent
acetonitrile and 0.005 percent formic acid). A
gradient solvent method is used running a mixture of
95 percent of the acidic solution and 5 percent of the
acetonitrile solution to a mixture of 80 percent acid
solution and 20 percent acetonitrile solution over 1
minute, continuing to a mixture of 50 percent acidic
solution and 50 percent acetonitrile solution over a
period of 1.3 minutes and continuing to 100 percent
acetonitrile solution over 1.2 minutes. The system
then proceeds on an equilibration cycle running 100
percent acetonitrile solution to a mixture of 95
percent acidic solution and 5 percent acetonitrile
over 0.2 minutes. The flow rate over this period is a
constant 1 mL / minute. Method G: The reactions were
purified on Shimadzu prep HPLC, using a waters SunFire
C18, 5um, 3.0x5.0mm steel column. The mobile phase,
flow rate 18.0 ml/min, water (gradient 95 - 0 %) and
acetonitrile (gradient 5 - 100%) using 1%
trifluoroacetic acid in water (2.0 mL/min) as a
modifier.Example 1 (+/-) N-(3-{[2-(12,12-Dioxo-12
l6-thia-tricyclo[6.3.1.0 2 7]dodeca-2(7),3,5-trien-4-
ylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-methyl
}-pyridin-2-yl)-N-methylmethanesulfonamide (1) 1 Step
1. (+/-) 4-Nitro-12-thia-tricyclo[6.3.1.0
2'7]dodeca-2(7),3,5-triene 12,12-dioxide (C4):
12-Thia-tricyclo[6.3.1.0 2 7]dodeca-2(7),3,5-triene
12,12-dioxide (C3) (see J. Chem. Soc, Perk. Trans. 1,
1981(7), 1846) (407 mg, 1.96 mmol) was carefully
dissolved into 6.00 mL cold H2SO4, and the resultant
solution was chilled to -10 C (NaCI / ice bath). The
resultant brown solution was treated portion wise with
KNO3 (198 mg, 1.96 mmol) such that the internal
reaction temperature never exceeded -8 C. The reaction
mixture was stir at about -10 0C for an additional
five minutes and poured onto ice. The resultant turbid
ice mixture was stirred until all of the ice had
melted, and the resultant aqueous mixture was washed
with EtOAc. The combined organic layers were dried
over MgSO4 and concentrated under reduced pressure to
provide C4 as a pale yellow solid (397 mg, 1.56 mmol,
80% yield). C1 1H11NO4S. GC/MS r.t. = 5.07 min.; m/z
237, 189 (bp), 174, 161, 141, 128, 115. 1H NMR (CDCI3)
d 8.30 (d, J = 8.3 Hz, 1H), 7.25 (s, 1H), 7.56 (d, J =
8.3 Hz, 1H), 4.26 (dd, J = 10.7, 4.9 Hz, 2H),
2.68-2.60 (m, 2H), 2.1 1-2.03 (m, 2H), 1.57-1.52 (m,
1H), 0.87-0.74 (m, 1H) ppm. Step 2. (+/-)
12,12-Dioxo-12 ll6-thia-tricyclo[6.3.1.0 2
7]dodeca-2(7),3,5-trien-4- ylamine (C5): A mixture of
C4 (397 mg (1.56 mmol)), EtOH (3.00 mL ) and
cyclohexene (790 mL, 7.80 mmol) was carefully treated
with palladium on carbon (832 mg, 0.780 mmol) and
heated to 60 C. After three hours, the reaction
mixture was allowed to cool to 250C and concentrated
under reduced pressure. The resulting residue was
purified over silica (40% EtOAc in hexanes) to provide
C5 as a white solid (78 mg, 0.358 mmol, 23%).
C11H13NO2S GC/MS r.t. = 2.94 min. m/z 159 (bp), 144,
130; 1H NMR (CDCI3) d 6.69-6.67 (m, 2H), 4.06 (d, J -
5.2 Hz, 1H), 4.02 (d, J = 4.7 Hz, 1H), 2.56-2.51 (m,
2H), 2.00-1.95 (m, 2H), 1.48-1.44 (m, 1H), 1.00-0.93
(m, 1H) ppm. Step 3. (+/-)
(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylH12,12-dioxo
-12 l6-thiatricyclo[ 6.3.1.0
2'7]dodeca-2(7),3,5-trien-4-yl)-amine (C6): A solution
of 2,4-dichloro-5- trifluoromethyl pyrimidine (78 mg,
0.358 mmol) and 1/1 (vohvol) mixture of t-BuOH and
dichloroethane (400 mL) was cooled to O0C, treated
with a solution OfZnCI 2 solution (715 mL(0.715 mmol,
1.0 Molar in Et2O), and stirred at 0 C for 30 minutes.
The mixture was treated with a slurry of C5 in 1/1
tBuOH / CH2CI2 (800 mL) then dropwise with diisopropyl
ethylamine (125 mL, 0.715 mmol). After five minutes
the mixture was heated to 50 C. After 4 hours the
reaction mixture was allowed to cool to ambient 250C
and concentrated under reduced pressure. The resultant
residue was triturated with MeOH, and the resulting
was collected by filtrated to provide C6 as a white
solid (52 mg, 0.129 mmol, 36%). C16H13CIF3N3O2S LC/MS
(Method F) m/z 402/404 (MH+) ; 1H NMR (D6-DMSO) d 10.8
(s, 1H), 8.81 (s, 1H), 7.69 (s, 1H), 7.68 (d, J = 8.3
Hz, 1H), 7.41 (d, J = 8.3 Hz, 1H), 4.42-4.37 (m, 2H),
2.39-2.24 (m, 2H), 1.94- 1.90 (m, 2H), 1.38-1.34 (m,
1H), 0.79-0.60 (m, 1H) ppm. Step 4. A mixture of C6
(51 mg; 0.126 mmol) and 1:1 (vokvol) t-BuOH /
dichloroethane (500 mL) was added to a mixture of
N-(3-Aminomethyl-pyridin-2-yl)-N-methylmethanesulfonam
ide (38 mg, 0.139 mmol) and diisopropyl ethylamine (66
mL, 0.378 mmol). The reaction mixture was heated to 85
C in a sealed vial. After two hours, the hot reaction
mixture was loaded directly onto silica under reduced
pressure, purified via chromatography (99:1:0.1
CHCI3:CH3OH:NH4OH), and concentrated under reduced
pressure to provide 1 as a white solid (13 mg, 0.0223
mmol, 18%). LC/MS (Method F) r.t. = 2.26 min.; m/z
583.2. HPLC r.t. = 6.40 min. Example 2 N-(3-{[2-(1
0-Methanesulfonyl-1 0-aza-tricyclo[6.3.1
.02'7]dodeca-2(7),3,5-trien-4-
ylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-methyl
}-pyridin-2-yl)-N-methylmethanesulfonamide (2) Step 1.
(+/-)1 0-Methanesulfonyl-4-nitro-1
0-aza-tricyclo[6.3.1 .02 7]dodeca-2,4,6-triene (C7):
4-Nitro-10-aza-tricyclo[6.3.1.0 2
7]dodeca-2,4,6-triene (150 mg, 0.734 mmol) (see
International Publication No. WO01/062736) was
combined with pyridine (3.00 mL) and chilled to -10 C
in a NaCI / ice bath. Methane sulfonyl chloride (74
mL, 0.954 mmol) was slowly added and the mixture
allowed to equilibrate to ambient temperature. (A
color change to orange was noted.) After two hours,
the reaction mixture was cooled to O0C and water (500
mL) was carefully added. The mixture was concentrated
under reduced pressure, and the resultant orange solid
was combined with a minimum amount of 99:1:0.1
CHCI3:CH3OH:NH4O. The resultant orange mixture was
filtered and the solid phase collected to provide C7
as a crystalline white solid (56 mg, 0.230 mmol, 3 1%
yield). The filtrates were purified over silica gel
(99:1:0.1 CHCI3:CH3OH:NH4OH) to provide additional C7.
C12H14N2O4S GC/MS r.t. = 5.53 min., m/z 282 (Ml), 128,
122 (bp). 1H NMR (D6-DMSO) d 8.16 (s, 1H), 8.10 (d, J
= 7.9 Hz, 1H), 7.54 (d, J = 7.9 Hz, 1H), 3.48-3.38 (m,
5H), 3.24-3.19 (m, 2H), 2.54 (s, 3H) 12.27-2.21 (m,
1H) ppm. Step 2.
(+/-)10-Methanesulfonyl-10-aza-tricyclo[6.3.1
.02'7]dodeca-2,4,6-trien-4- ylamine (C8): A mixture of
C7 (207 mg, 0.734 mmol) and 5:4:3 (vohvol) dioxane /
EtOH /H2O (5.00 mL) was treated sequentially with
NH4CI (157 mg, 2.94 mmol) and powdered iron (205 mg,
3.67 mmol). The resultant mixture was heated to 80  C
under a gentle flow of nitrogen. After three hours,
the reaction mixture was allowed to cool to 250C,
diluted with EtOAc and H2O, and filtered through
diatomaceous earth. The resultant organic phase was
collected, dried over MgSO4, and concentrated under
reduced pressure to provide C8. This compound was used
without further purification. C12H16N2O2S LC/MS
(Method F) 253.1 (MH ); 1H NMR (D6-DMSO) d 6.89 (d, J
= 7.8 Hz, 1H), 6.50 (s, 1H), 6.36 (d, J = 7.8 Hz, 1H),
4.92 (bs, 2H), 3.40-3.31 (m, 2H), 3.18-3.13 (m, 2H),
3.02 (bs, 2H), 2.50 (s, 3H), 2.10-2.08 (m, 1H),
1.72-1.67 (d, J = 10.9 Hz, 1H) ppm. Step 3:
N-{3-[(2-Chloro-5-trifluoromethyl-pyrimidin-4-ylamino)
-methyl]-pyridin-2-yl}-Nmethyl- methanes.ulfonamide
(247 mg, 0.624 mmol) (see WO 2005023780) was combined
with dioxane ( 1 .00 mL) and C8 (158 g, 0.624 mmol)
and diisopropyl ethylamine (255 mL, 1.47 mmol) and
heated to 110  C under a gentle flow of nitrogen.
After sixteen hours the mixture was concentrated under
reduced pressure, and the resultant residue was
purified over silica (95:5:0.5 CHCI3:CH3OH:NH4OH) to 2
as a white foam (61 mg, 0.0997 mmol, 16%).
C25H28F3N7O4S2 LC/MS (Method F) m/z 612.3 (MH+); 1H
NMR (D6-DMSO) d 8.22 (s, 1H) ppm. Example 3 (+/-)
N-Methyl-N-(3-{[2-(1 0-trifluoroacetyl-1
0-aza-tricyclo[6.3.1 .02'7]dodeca-2(7),3,5-
trien-4-ylamino)-5-trifluoromethyl-pyrimidin-4-ylamino
]-methyl}-pyridin-2-yl)- methanesulfonamide (3) A
mixture of 1-(4-Amino-10-aza-tricyclo[6.3.1.0
2'7]dodeca-2,4,6-trien-10-yl)-2,2,2-
trifluoro-ethanone (158 g, 0.624 mmol) (see
International Publication Nos. WO01/076576A2,
WO01/062736A1, WO99/35131 and European Patent No. EP
1078637), 1,4-dioxane (1.00 mL ),
N-{3-[(2-Chloro-5-trifluoromethyl-pyrimidin-4-ylamino)
-methyl]-pyridin-2-yl}-N-methylmethanesulfonamide (247
mg, 0.624 mmol) and DIAE (255 mL, 1.47 mmol) was
heated to 110 C under a gentle flow of nitrogen. After
sixteen hours, the mixture was concentrated, and the
resulting residue was purified over silica (95:5:0.5
CHCI3:CH3OH:NH4OH) to provide (+/-)
N-Methyl-N-(3-{[2-(1 0-trifluoroacetyl-1
0-aza-tricyclo[6.3.1 .02 ]dodeca-2(7),3,5-trien-4-
ylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-methyl
}-pyridin-2-yl)-methanesulfonamide (3) as a white foam
(78 mg, 0.124 mmol, 20%). C26H25F6N7O3S LC/MS (Method
F) 630.3 (MH+); 19F NMR (D6-DMSO) d -60.38, -67.99
(1:1 ratio) ppm. Example 4 (+/-)
N-(3-{[2-(10-Aza-tricyclo[6.3.1.0
2'7]dodeca-2(7),3,5-trien-4-ylamino)-5- 



trifluoromethyl-pyrimidin-4-ylamino]-methyl}-pyridin-2
-yl)-N-methyl-methanesulfonamide (4) A solution 3 and
tetrahydrofuran (2.00 mL) was treated with three
crystals of benzyl triethyl ammonium chloride and 40%
aqueous NaOH (2.00 mL), and the resultant
bi-phasicreaction mixture was heated to 70 C under
nitrogen. After sixteen hours, the mixture was allowed
to cool to 250C. The organic phase was collected and
the aqueous layer was washed with EtOAc. The combined
organic phases were dried over MgSO4, concentrated
under reduced pressure, and purified over silica
(92:8:0.8 CHCl3:CH3OH:NH4q H) to provide 32 g of 4 as
a yellow foam). The yellow foam was dissolved in a
minimum amount of CH2CI2 at 0C, and 15 mL (0.0600
mmol) of 4.0 M HCI in 1,4-dioxane was slowly added.
The resultant white slurry was stirred under a gentle
flow of nitrogen for one hour and filtered to provide
the hydrochloride salt form of 4 as a white solid (25
mg, 0.0474 mmol, 38%). C24H26F3N7O2S HPLC r.t. = 5.10
min.; LC/MS (Method F) m/z 534.4 (MH+) . Example 5
N-Methyl-N-^-p-
-trifluoroacetyl-I^.S^-tetrahydro-i^-epiazano-naphthal
en- -
ylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-methyl
}-pyridin-2-yl)-methanesulfonamide (5) Step 1.
2,2,2-Trifluoro-1 -(1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl)-ethanone (C11): A
solution of
1,2,3,4-tetrahydro-1,4-epiazano-naphthalene (see JOC,
1966(31), 764) in dry CH2CI2 (40.0 mL ) and DIAE (
1.92 mL, 11.0 mmol) was cooled to 0 C and treated with
trifluoroacetic anhydride (1.55 mL (11.0 mmol). The
reaction mixture was allowed to slowly equilibrate to
25C under nitrogen atmosphere. After five hours, the
resultant green reaction mixture was cooled to 0 C and
treated with 2.00 mL water to quench any remaining
anhydride. Aqueous NaOH (1N)was added and the phases
separated. The aqueous layer was washed with CH2CI2,
and the combined organics were dried over MgSO4 and
concentrated under reduced pressure. The resultant
dark oil was treated with EtOAc, stirred with
activated charcoal, filtered through diatomaceous
earth, and concentrated under reduced pressure to
provide C11 as a brown oil ( 1 .65 g, 6.80 mmol, 68%
yield). GC/MS r.t. = 2.22 min, m/z 241 (Ml), 213 (bp),
116; 19F NMR (D6-DMSO) d -71 .50 ppm. Step 2. (+/-)
2,2,2-Trifluoro-1-(6-nitro-1,2,3,4-tetrahydro-1,4-epia
zano-naphthalen-9- yl)-ethanone (C12): A solution of
trifluoromethanesulfonic acid (1.20 mL, 13.6 mmol) and
dichloromethane (7.00 mL was cooled to 0 C and
carefully treated with a solution of HNO3 (30OmL, 6.80
mmol), during which time fuming and solid formation
were noted. The resultant mixture was stirred for an
additional fifteen minutes at 0 C, cooled to -78 C,
and treated dropwise with a solution of C11 (1.65 g,
6.80 mmol) in dry CH2CI2 (10.0 mL). After stirring for
1 hour at -78 C the mixture was warmed to 0 C and
allowed to stand for one hour at 0 C. The reaction
mixture was then carefully poured into
vigorously-stirred ice water, and CH2CI2 was added
after the ice had melted. The resultant organic phase
was collected and the aqueous layer washed with
CH2CI2. The combined organic phases were dried over
MgSO4 and concentrated under reduced pressure. The
resultant oily residue was purified over silica (20%
EtOAc in hexanes) to provide C12 as a yellow foam
(1.05 g, 3.69 mmol, 54% yield). Ci2H10F3NO APCI m/z
286.1 (M' ), 19F NMR (D6-DMSO) d-71.55 ppm.Step 3.
(+/-)
1-(6-Amino-1,2,3,4-tetrahydro-1,4-epiazano-naphthalen-
9-yl)-2,2,2- trifluoro-ethanone (C13): Compound C13
was prepared in a manner similar to that described for
C8 in Step 2 of Example 2 except that
2,2,2-Trifluoro-1-(6-nitro-1,2,3,4-tetrahydro-1,4-
epiazano-naphthalen-9-yl)-ethanone ( 570 mg, 1.99
mmol) was used instead of C7 to provide C13 as a
tan-yellow foam (430 mg, 1.67 mmol, 84%). C12H11F3N2O
LC/MS (Method F) m/z 257.1 (MH+) . 1H NMR (D6-DMSO) d
6.98 (m (F-Coupling), 1H), 6.57 (s (F-Coupling), 1H),
6.31 (d, J = 7.9 Hz, 1H), 5.15 (bs, 2H) ppm. Step 4.
Compound 5 was prepared in a manner similar to that
described for 3 in Example 3 except that
1-(6-Amino-1,2,3,4-tetrahydro-1,4-epiazano-naphthalen-
9-yl)-2,2,2- trifluoro-ethanone (180 mg, 0.700 mmol)
was used instead of 1-(4-Amino-10-azatricyclo[ 6.3.1.0
2 7]dodeca-2,4,6-trien-10-yl)-2,2,2-trifluoro-ethanone
to provide 5 as a lightyellow foam (180 mg, 0.700, 53%
yield). C25H23F6N7O3S HPLC r.t. = 7.31 min., LC/MS
(Method F) m/z 6 16.3 (MH+) . Example 6 (+/-)
N-Methyl-N-(3-{[2-(1
,2,3,4-tetrahydro-1,4-epiazano-naphthalen-6-ylamino)-5
-
trifluoromethyl-pyrimidin-4-ylamino]-methyl}-pyridin-2
-yl)-methanesulfonamide (6) Compound 6 was prepared in
a manner similar to that described for 4 in Example 4
except that 5 (8 mg, 0.0153 mmol) was used instead 3
to provide 6 as a white solid (8 mg, 0.0153 mmol, 7%
yield). C23H24F3N7O2S HPLC r.t. = 4.80 min.; LC/MS
(Method F) m/z 520.3 (MH+) . Example 7
N-(3-{[2-(9-Methanesulfonyl-1,2,3,4-tetrahydro-1,4-epi
azano-naphthalen-6-ylamino)-
5-trifluoromethyl-pyrimidin-4-ylamino]-methyl}-pyridin
-2-yl)-N-methyl-methanesulfonamide (7) Step 1: (+/-)
6-Nitro-1 ,2,3,4-tetrahydro-1 ,4-epiazano-naphthalene
(C14): Compound C14 was prepared in a manner similar
to that described for 4 in Example 4 except that C12
(480 mg, 1.68 mmol) was used instead of 3 to provide
C14 as a white solid (250 mg, 1.31 mmol, 78% yield).
C10H10N2O2 LC/MS (Method F) m/z 191.1 (MH+); 1H NMR
(CD3OD) d 8.08 (d, J = 7.9 Hz, 1H), 8.05 (s, 1H), 7.43
(d, J = 7.9 Hz, 1H) ppm. Step 2. (+/-)
9-Methanesulfonyl-6-nitro-1,2,3,4-tetrahydro-1
,4-epiazano-naphthalene (C15): Compound C15 was
prepared in a manner similar to that described for C7
in Step 2 of Example 2, except that C14 (250 mg, 1.31
mmol) was used instead of 4-Nitro-10-azatricyclo[
6.3.1.0 2'7]dodeca-2,4,6-triene. The reaction provided
C15 as crystalline beige solid (350 mg, 1.30 mmol, 99
% yield). C11H12N2O4S 1H NMR (CD3OD) d 8.24 (s, 1H),
8.19 (d, J = 7.7Hz, 1H), 7.58 (d, J = 7.7 Hz, 1H),
2.48 (s, 3H) ppm. Step 3. (+/-)
9-Methanesulfonyl-1,2,3,4-tetrahydro-1,4-epiazano-naph
thalen-6- ylamine (C16): Compound C16 was prepared in
a manner similar to that described for C8 inStep 1 of
Example 2, except that C15 (350 mg, 1.30 mmol) was
used instead C7 to provide C16 as a tan solid (269 mg,
1.12 mmol, 86% yield). C11H14N2O2S GC/MS r.t. = 4.72
min.; m/z 238 (Ml), 210, 131 (bp); 1H NMR (D6-DMSO) d
6.94 (d, J = 7.9 Hz, 1H), 6.55 (s, 1H), 6.29 (d, J =
7.9 Hz, 1H), 5.06 (bs, 2H), 2.18 (s, 3H) ppm. Step 3.
Compound 7 was made in a manner similar to that
described for 3 in Example 3, except that C16 (269 mg,
1.12 mmol) was used instead of
1-(4-Amino-10-azatricyclo[ 6.3.1.02,7
]dodeca-2,4,6-trien-IO-yl)-2,2,2-trifluoro-ethanone to
provide 7 as a tan foam (0.570 mmol, 342 mg, 61%
yield). C24H26F3N2O4S2 HPLC r.t. = 6.43 min. Example 9
N-(3-{[2-(9-Methanesulfonyl-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-ylamino)-
5-trifluoromethyl-pyrimidin-4-ylamino]-methyl}-pyridin
-2-yl)-N-methyl-methanesulfonamide (Enantiomer 2) (9)
Compound 7 (racemate) from Example 7 was separated on
a 10 x 50 cm. Chiralpak AS preparatory HPLC column
using a 3:2 (vol:vol) mixture of heptane / ethanol as
the mobile phase at a rate of 275 mL/min. The eluent
containing the slower-eluting enantiomer was
concentrated under reduced pressure to provide 9 as a
white foam. C24H26F3N2O4S2 Prep. HPLC r.t. = 12.59
min.; LC/MS (Method F) m/z 598.2 (MH+) . Example 10
1-[4-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidin^-
ylaminoJ-IO-azatricyclo[ 6.3.1
.02'7]dodeca-2(7),3,5-trien-10-yl]-2-methoxy-ethanone
(10) (Method A) 10 Step 1. (+/-)-2,2,2-Trifluoro-1
-(4-nitro-1 0-aza-tricyclo[6.3.1
.02,7]dodeca-2(7),3,5- trien-10-yl)-ethanone (C17): A
solution of 1-(10-Aza-tricyclo[6.3.1.0 2
7]dodeca-2(7),3,5-trien-
10-yl)-2,2,2-trifluoro-ethanone (49.9g, 196 mmol) (4)
(see O'Donnell et al., JOC, 2004 (69,7), 5756-59 and
International Publication Nos. WO 04/063164 and WO
99/35131) and in trifluoroacetic acid (TFA) (100 mL)
was cooled in an acetone/ice bath and treated
drop-wise with fuming HNO3 over 10 minutes. The
resultant reaction mixture was stirred for 1 hour as
the ice bath temperature increased to 0C and then for
an additional 1 hour. The ice bath was removed, excess
NO2 was removed under a stream of nitrogen, and TFA
was removedunder reduced pressure. The resultant
residue was poured into 300 ml of ice water and
extracted with 3 x 200 ml CH2CI2. The combined organic
phases were washed with saturated NaCI ( 1 x 100 ml)
and saturated NaHCO3. ( 1 x 100 ml). The organic phase
was dried over MgSO4 and passed through a 200 g plug
of silica gel (230-400 mesh) eluting with CH2CI2 (2000
ml). The resultant eluent was concentrated under
reduce pressure to provide C17 as a pale yellow solid
(55.4 g, 184 mmol, 94% yield). 1H NMR (400 MHz,
DMSO-D6) d ppm 2.1 (d, (d, J=4.6 Hz, 2 H) 3.7 (m, 1 H)
3.8 (m, 1 H) 4.1 (d, J=12.9 Hz, 1 H) 7.5 (t, J=8.5 Hz,
1 H) 8.1 (d, J=7.9 Hz, 1 H) 8.2 (dd, J=10.8, 2.1 Hz, 1
H) ppm. Step 2. (+/-) 4-Nitro-10-aza-tricyclo[6.3.1.0
2'7]dodeca-2(7),3,5-triene (C18): A solution of C17
(45.4g, 157 mmol) in tetrahydrofuran (THF) (300 ml_)
was treated drop-wise with lithium hydroxide
monohydrate (9.4g, 224 mmol) in H2O (75 ml) over 10
minutes. The 



mixture was stirred for 1 hour at 250C and the mixture
was concentrated under reduced pressure. The resultant
residue was treated with 250 ml of 1:1 (vohvol) water
saturated with NaCI: concentrated NH4OH and extracted
with CH2CI2 (2 x 200 ml). The combined organic layers
were dried over K2CO3 and concentrated under reduced
pressure to provide C18 as an orange solid (32g, 155
mmol, 99% yield). C18 was used without further
purification. 1H NMR (400 MHz, DMSO-D6) d ppm 1.7 (d,
J=0.4 Hz, 1 H) 1.9 (d, J=10.4 Hz, 1 H) 2.3 (m, 1 H)
2.6 (dd, J=12.3, 1.9 Hz, 2 H) 2.9 (m, 2 H) 3.0 (d,
J=13.7 Hz, 2 H) 7.4 (d, J=7.9 Hz, 1 H) 8.0 (s, 1 H)
8.0 (dd, J=8.1 , 2.3 Hz, 1 H) ppm. Step 3.
(+/-)4-Nitro-1 0-aza-tricyclo[6.3.1 .02
7]dodeca-2(7),3,5-triene-1 0-carboxylic acid
tert-butyl ester (C19): To a solution of C18 (2.0Og,
9.78 mmol) in 10 mL of acetonitrile was added
di-te/t-butyl dicarbonate (2.1 2g, 9.78 mmol), and the
resultant mixture was stirred at 250C for 2 hours. The
mixture was concentrated under reduced pressure, and
resultant residue was redissolved in ethyl acetate
(5OmL) and washed with saturated sodium bicarbonate
(2x25ml_) and brine (2x25mL). The combined aqueous
phases were extracted with ethyl acetate (50 mL) and
the combined organic phases dried over sodium sulfate
and concentrated under reduced pressure. The resultant
yellow residue was chromatographed on silica gel (25%
EtOAc: Hexanes) and concentrated under reduced
pressure to provide C19 as a colorless oil (2.7g, 9.3
mmol, 95% yield). HPLC Rt 7.085 minutes; LC/MS (Method
F) m/z 305.3 (MH+); 1H NMR (400 MHz, DMSO-D6) d ppm
1.1 (s, 9 H) 1.9 (d, J=10.8 Hz, 1 H) 2.2 (m, 1 H) 3.1
(m, 1 H) 3.2 (d, =16.2 Hz, 3 H) 3.8 (m, 2 H) 7.5 (dd,
J=MA, 8.1 Hz, 1 H) 8.1 (ddd, J=15.3, 8.1, 7.8 Hz, 2 H)
ppm. Step 4. (+/-)4-Amino-10-aza-tricyclo[6.3.1
.02'7]dodeca-2(7),3,5-triene-1 0-carboxylic acid
tert-butyl ester (C20): A mixture of C19 (1.34g, 4.27
mmol), ethanol (5OmL) and 10% Pd/C (134mg) was charged
to a Parr shaker hydrogenation vessel, and the
resultant mixture was shaken under 45psi H2 for 2
hours at about 250C. The resultant mixture was
filteredthrough Celite(r) and concentrated under
reduced pressure to provide C20 as a clear oil ( 1
.2g, 3.8 mmol, 89%). HPLC Rt 5.88; LC/MS (Method F)
m/z 275.3 (MH+); 1H NMR (400 MHz, DMSO-D6) d ppm 1.2
(d, J=4.2 Hz, 9 H) 1.7 (d, J=10.4 Hz, 1 H) 2.0 (m, 1
H) 2.9 (m, 3 H) 3.1 (t, J=11.4 Hz, 1 H) 3.6 (m, 2 H)
4.8 (s, 2 H) 6.3 (dd, J=3.9, 2.3 Hz, 1 H) 6.4 (d,
J=4.2 Hz, 1 H) 6.8 (t, J=7.5 Hz, 1 H) ppm. Step 5.
4-(4-Chloro-5-trifluoromethyi-pyrimidin-2-ylamino)-10-
aza-tricyclo[6.3.1 .02'7]
dodeca-2(7),3,5-triene-10-carboxylic acid tert-butyl
ester (C21): A mixture of 5-
trifluoromethyl-2,6-dichloropyrimidine (9.6g, 44.4
mmol) and 180 ml_ t-BuOH/DCE (1:1) was cooled to O0C
under a nitrogen atmosphere, treated with ZnCI2 (53.3
mL, 1M in Et2O, and stirred for 1 hour at 00C. The
mixture was treated dropwise with a solution of C20
(11.6g, 42.3 mmol) in 40 ml 1:1 (vol:vol) t-BuOH/DCE
and allowed to stir an additional 45 minutes at O0C.
The resultant mixture was then treated drop-wise at 0C
with a solution of Et3N (7.4mL, 53.3 mmol) in 10 ml
1:1 (vol:ol) t-BuOH/DCE and allowed to warm to 250C.
The mixture was stirred for an additional 2 hours and
concentrated under reduced pressure. The resultant
green foam was dissolved in CH2CI2, chromatographed
over 500 g silica gel (230-400 mesh) eluting with 17%
EtOAc/hexane, and concentrated under reduced pressure.
The result viscous pale yellow oil (17 g) was
dissolved in 60 ml hexane and stirred for 2 hours,
during which time crystallization occurred. The
resultant solids were collected by filtration, washed
with cold hexane, and dried to provide C21 as a white
solid (15.3 g, 33.8 mmol, 80% yield). HPLC Rt 9.5
minutes; LC/MS (Method F) m/z 455.3 (MH+); 1H NMR (400
MHz, DMSO-D6) d ppm 1.2 (s, 9 H) 1.8 (d, J=10.4 Hz, 1
H) 2.1 (m, 1 H) 3.0 (t, J=10.6 Hz, 1 H) 3.1 (s, 1 H)
3.1 (d, J=12.5 Hz, 2 H) 3.7 (m, 2 H) 7.2 (dd, J=11.0,
8.1 Hz, 1 H) 7.4 (m, 1 H) 7.5 (s, 1 H) 8.7 (s, 1 H)
10.6 (s, 1 H) ppm. Step 6.
(+/-)-(10-Aza-tricyclo[6.3.1
.02,7]dodeca-2(7),3,5-trien-4-yl)-(4-chloro-5-
trifluoromethyl-pyrimidin-2-yl)-amine hydrochloride
(C22): A solution of C21 (1.0g, 2.2 mmol) in 12mL HCI
in 1,4-Dioxane (4N) was stirred at about 250C for 30
minutes during which time a white precipitate formed.
The resultant solids were collected by flirtation,
washed with 1,4- Dioxane (2x25mL), and dried under
reduced pressure to provide C22 as a white solid
(912mg, 2.0 mmol, 91% yield). HPLC Rt 5.2 minutes;
LC/MS (Method F) m/z 355.3 (MH+); 1H NMR (400 MHz,
DMSO-d6) d 1.98 (d, J = 11 Hz, 2 H), 2.0 (m, 2 H), 2.9
(m, 4 H), 3.1 7 (d, J = 9 Hz, 3 H), 3.2 (m, 4 H), 7.29
(m, 2 H) 7.30 (d, J = 4 Hz, 1 H) 7.57 (m, 2 H) 7.66
(bs, 2 H) 8.1 (s, 1 H) 8.77 (s, 1 H) 9.45 (bs, 2 H)
10.75 (s, 1 H) ppm. Step 7. (+/-)-1
-[4-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylamino)-1
0-aza-tricyclo [6.3.1.02
7]dodeca-2(7),3,5-trien-10-yl]-2-methoxy-ethanone
(C23): A mixture of methoxyacetyl chloride (140mg,
1.53 mmol), methoxyacetic acid (120mg, 1.53 mmol),
DIEA (1.3mL, 7.65 mmol) and 5mL of 1,4-dioxane was
stirred for 10 minutes at 250C to effect in situ
generation of methyoxyacetic anhydride. To the
preformed anhydride was added C22(460mg, 1.17 mmol),
and the mixture stirred at 250C for 1 hour. The
reaction mixture was then partitioned between EtOAc
(1OmL) and saturated NaHCO3 (10 mL) and the layers
separated. The resultant organic phase was washed with
brine (2 x 2OmL), dried over Na2SO4, and concentrated
under reduced pressure. The resultant residue was
purified on silica gel using a gradient 10-30%
EtOAc/Hexanes to provide C23 as a white solid (480mg,
1.12 mmol, 96% yield). HPLC Rt 6.39 minutes; LC/MS
(Method F) m/z 427.8 (MH+). Step 8. Compound C23
(100mg, 234 mmol) was treated with cyclopropyl amine
(26 mg, 468 mmol) and DIEA (74 mL, 468 mmol) in 2mL
1,4-Dioxane in a pressure vessel. The contents of the
reactor were stirred at 9O0C for 1 hour, and the
resultant brown solution was diluted with 5mL EtOAc
and washed with water. The organic phase was
collected, concentrated under reduced pressure, and
purified on silica gel (50% EtOAc/Hexanes) to provide
10 as a white solid (52.3mg, 0.117 mmol, 50% yield).
HPLC Rt 6.5 minutes; LC/MS (Method F) m/z 448.1 (MH+).
Example 11 (+/-)-1
-[4-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidin-2-
ylamino)-1 0-aza-tricyclo
[6.3.1.02'7]dodeca-2(7),3,5-trien-10-yl]-2,2-difluoro-
ethanone (11) Step 1. (+/-)-1
-[4-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylamino)-1
0-aza-tricyclo [6.3.1.02
7]dodeca-2(7),3,5-trien-10-yl]-2,2-difluoro-ethanone
(C24): A solution of C22 (1g, 2.55 mmol) in DMF (5mL)
was treated with diisopropylethyl amine (880 mL, 5.00
mmol) and difluoroacetic acid (200 mL, 3.06 mmol) and
stirred at room temperature for 5 minutes. O-(7-
Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU) (970mg, 2.55 mmol) was
added, and the mixture was stirred at 250C for 30
minutes. The mixture was poured into water (50 mL),
and the resulting white precipitate was collected by
flirtation, washed with MeOH (2OmL), and dried under
reduced pressure to provide C24 as a white powder (920
mg, 1.94 mmol, 76% yield). HPLC Rt 6.55 minutes; LC/MS
(Method F) m/z 433.3, 434.6, 435.3 (MH+). Step 2.
Compound 11 was prepared in a manner similar to that
described for 10 in Step 8 of Example 10 except that
C24 (125 mg, 289 mmol) was used instead of C23 to
provide 11 as a white solid (53 mg, 116 mol, % yield).
HPLC Rt 6.76; APCI m/z 454.1 (MH+) Example 12
(+/-)-1-[4-(4-Cyclopropylmethylamino-5-trifluoromethyl
-pyrimidin-2-ylamino)-10-azatricyclo[ 6.3.1.0 2
7]dodeca-2(7),3,5-trien-10-yl]-2,2,2-trifluoro-ethanon
e (12) Step 1.
(+/-)-1-[4-(4-Chloro-5-trifluoromethyl-pyrimidin-2-yla
mino)-1 0-aza-tricyclo
[6.3.1.02'7]dodeca-2(7),3,5-trien-10-yl]-2,2,2-trifluo
ro-ethanone (C25): A suspension of C22 ( 1 g, 2.55
mmol) in CHCI3 (5mL) was treated with DIEA ( 1 .33 mL,
7.65 mmol) and trifluoroacetic anhydride (500 mL, 3.06
mmol) and the resultant solution stirred at ambient
temperature for 1hour. The reaction mixture was
diluted with EtOAc (5mL), washed with saturated NaHCO3
(2x1 OmL) and brine (2x1 OmL), dried over Na2SO4, and
concentrated under reduced pressure. The resultant
brown residue was purified on silica gel (30%
EtOAc/Hexanes) to provide C25 as a white solid (460mg,
102 mmol, 40% yield). HPLC Rt 7.7 minutes; APCI m/z
451.2; 1H NMR (400 MHz, DMSO-d6) d 1.98 (d, J = 11 Hz,
1 H), 2.2 (m, 1 H), 3.17 (d, J = 12 Hz, 2 H), 3.23 (m,
2 H), 3.59 (d, J = 12 Hz, 1 H), 3.65 (s, 1 H), 4.04
(d, J = 13 Hz, 1 H), 7.2 (m, 1 H), 7.4 (m, 1 H), 7.6
(bs, 1 H), 8.75 (d, J = 8 Hz, 1 H), 10.6 (s, 1 H) ppm.
Step 2. Compound 12 was prepared in a manner similar
to that described for 10 in Step 8 of Example 10 by
reacting C25 (153 mg, 324 mmol) with cyclopropylmethyl
amine (46 mg, 648 mmol) to provide 12 as a white solid
( 99 mg, 0.204 mmol, 63%). HPLC Rt 7.735; APCI m/z
486.4 (MH+). Example 13 (+/-)-N
2-(10-Aza-tricyclo[6.3.1.0
2,7]dodeca-2(7),3,5-trien-4-yl)-N 4-cyclopropyl-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
salt (13) Compound 13 was prepared in a manner similar
to that described for 10 in Example 10 by reacting C21
(2.0 g, 4.4 mmol) with cyclopropyl amine (410 mL, 5.9
mmol) followed by removal of the BOC group under
acidic conditions using 3N MeOH hydrochloric acid to
provide 13 as an off-white solid (1.89 mg, 4.22 mmol,
96% yield). LC/MS (Method F) m/z 



376.3 (MH+); 1H NMR (400 MHz, DMSO-D6) d ppm 0.8 (m, 4
H) 2.0 (d, J=1 1.2 Hz, 2 H) 2.2 (d, J=5.0 Hz, 1 H) 3.0
(d, J=10.4 Hz, 4 H) 3.2 (t, J=9.3 Hz, 4 H) 7.3 (d,
J=7.9 Hz, 2 H) 7.8 (s, 2 H) 8.5 (s, 1 H) 9.7 (s, 1 H)
11.3 (s, 1 H) ppm. Example 14 (+/-)-N 4-Cyclopropyl-N
2-(10-pyridin-2-yl-10-aza-tricyclo[6.3.1.0
2'7]dodeca-2(7),3,5-
trien-4-yl)-5-trifluoromethyl-pyrimidine-2,4-diamine
(14) Compound 13 (290 mg, 645 mmol) was dissolved in
DMSO (2 rpL) in a 15 mL screw cap pressure tube, and
the resultant solution was treated with DIEA (431 mL,
2.48 mmol) and 2-fluoropyride (125mg, 1.29 mmol). The
reaction vessel was sealed and stirred at 13O0C for 14
hours. The reactor contents were cooled to 250C,
poured into H2O (30 mL), and stirred for 1 hour to
produce an orange, gummy residue. The H2O was decanted
off and the residue purified on silica gel (40%
EtOAc/Hexanes) to provide 14 as an off-white powder
(143mg, 49% yield). HPLC Rt 6.57 minutes; LC/MS
(Method F) m/z 453.3 (MH+) . Example 15
(+/-)-[4-(4-Cyclopropylamino-5-trifluoromethyl-pyrimid
in-2-ylamino)-10-azatricyclo[ 6.3.1.0
2'7]dodeca-2(7),3,5-trien-10-yl]-pyridin-3-yl-methanon
e (15) A solution of 13 (200 mg, 446 mmol) and DIEA
(124mL, 880 mmol) in 1,4-dioxane (2 mL) was treated
with in one portion with nicotinoyl chloride
hydrochloride (80mg, 446 mmol).The mixture was stirred
at room temperature for 4 hours and concentrated under
reduced pressure. The resultant residue was purified
on silica (3% CH3OHZCH2CI2) to provide 15 as an
off-white solid (52mg, 20% yield). HPLC Rt 5.7
minutes; LC/MS (Method F) m/z 427 (MH+). Example 16
(+/-)-1-[4-(4-Cyclopropylamino-5-trifluoromethyl-pyrim
idin-2-ylamino)-10-azatricyclo[ 6.3.1.0
2'7]dodeca-2(7),3,5-trien-10-yl]-2-dimethylamino-thano
ne (16) Compound 16 was prepared in a manner similar
to that described for 15 in Example 15 by reacting 13
(150mg, 337 mmol) with N,N-Dimethylglycine
hydrochloride (127mg, 337 mmol) to provide 16 as a
white solid (62 mg, 0.135 mmol, 40% yield). LC/MS
(Method F) Rt 1.4 minutes; LC/MS (Method F) m/z 461 .3
(MH+). Example 17
(+/-)-4-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidi
n-2-ylamino)-10-azatricyclo[ 6.3.1.0
2'7]dodeca-2(7),3,5-triene-10-carboxylic acid
ethylamide (17) Compound 17 was prepared in a manner
similar to that described for 15 in Example 15 except
that ethyl isocyanate (42mL, 337 mmol) was used
instead of nicotinoyl chloride hydrochloride to
provide 17 as a white solid (120mg, 0.270 mmol, 80%
yield). HPLC Rt 6.1 minutes; LC/MS (Method F) m/z
447.3. Example 18 (+/-)-1
-{4-[4-(3-Morpholin-4-yl-azetidin-1
-yl)-5-trifluoromethyl-pyrimidin-2-ylamino]-1 0-
aza-tricyclo[6.3.1.0
2'7]dodeca-2(7),3,5-trien-10-yl}-ethanone (18) Step 1.
(+/-)-1-[4-(4-Chloro-5-trifluoromethyl-pyrimidin-2-yla
mino)-10-aza-tricyclo
[6.3.1.02'7]dodeca-2(7),3,5-trien-10-yl]-ethanone
(C26): Compound C26 was prepared In a manner similar
to that described for 10 in Step 7 of Example 10 by
reacting C22 (460mg, 1.17 mmol) with acetic anhydride
(91 mL, 1.17 mmol) to provide C26 as a light yellow
solid (309 mg, 0.725 mmol, 62% yield). HPLC Rt 6.5
minutes; LC/MS (Method F) m/z 427.3 (MH+); 1H NMR (400
MHz, DMSOd 6) d 1.65 (s, 3 H), 1.84 (d, J = 11 Hz1 1
H), 2.18 (m, 1 H), 2.86 (d, J = 3 Hz, 1 H), 3.127 (bs,
2 H), 3.4 (d, J = 6 Hz, 1 H), 3.57 (d, J = 12 Hz, 1
H), 4.03 (d, J = 12 Hz, 1 H), 7.16 (dd, J = 8, 8 Hz, 1
H)1 7.36 (d, J = 8 Hz, 1 H), 7.53 (d, J = 19 Hz1 1 H)1
8.75 (s, 1 H)1 10.58 (s, 1 H) ppm. Step 2.
1-Azetidin-3-yl-morpholine dihydrochloride salt (C27):
A sealed pressure tube was charged with
3-methanesulfonyloxy-azetidine-i-carboxylic acid
tert-butyl ester (5.00 g, 19.9 mmol) (see Anderson,
et. a/, JOC, 1972, 37, 3953), DMSO (10 mL), morpholine
(5.4g, 59.7 mmol) and DIEA (3.4 mL, 19.9 mmol). The
mixture was heated to 1030C. After 12 hours EtOAc
(5OmL) was added and the resultant mixture filtered.
The filtrate was washed with 2 x 100 mL water, 2x100
mL brine, dried over K2CO3, and concentrated. The
resultingresidue was purified on silica gel (75%
EtOAc/Hexanes) and concentrated to provide a clear oil
(2.8 g). The oil was dissolved in 1.25N HCI in MeOH
and refluxed for 3 hours. The mixture was concentrated
under reduced pressure and resultant residue
triturated with pentane (20 ml_) to provide C27 (2.0
g, 10.05 mmol, 50.5% yield). 1H NMR (400 MHz, DMSOd6)
d 1.91 (d, J = 4 1 Hz, 4 H), 2.93 (bs, 2 H), 3.41 (bs,
3 H), 4.04 (m, 3 H), 4.32 (m, 4H) ppm. Step 3. A
mixture of compound C26 (200mg, 503 mmol), DIEA
(350mL, 2.0 mmol) and C27 (154 mg, 503 mmol) in
1,4-dioxane (2 mL) was reacted at 900C for 12 hours.
The mixture was concentrated under reduced pressure
and the resultant residue purified on silica gel (2%
CH3OH/CH 2CI2) to provide 18 as an off-white solid
(120mg, 0.236 mmol, 47% yield). LC/MS (Method F) Rt
1.7 minutes, LC/MS (Method F) m/z 503.3 (MH+). Example
19 N4-Ethyl-N 2-(10-ethyl-10-aza-tricyclo[6.3.1.0
2'7]dodeca-2(7),3,5-trien-4-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine (19) Step 1.
(+/-)-10-Ethyl-4-nitro-10-aza-tricyclo[6.3.1
.02'7]dodeca-2(7),3,5-triene hydroiodide salt (C28):
Ethyl iodide (165mL, 2.43 mmol) at 250C was added
dropwise to a stirred solution of C18 (500 mg, 2.43
mmol) in acetonitrile (1OmL). The reaction mixture was
allowed to stir for 12 hours at 250C, and the
resultant yellow precipitate was collected by
filtration and dried to provide C28 (540 mg, 1.38
mmol, 57% yield). HPLC Rt 3.11 minutes; LC/MS (Method
F) m/z 231.3 (MH"); 1H NMR (400 MHz, DMSO-d 6) d 1.04
(t, J = 7 Hz, 3 H), 2.09 (d, J = 11 Hz, 1 H), 2.23 (m,
1 H), 3.04 (m, 2 H), 3.35 (m, 4 H), 3.51 (bs, 2 H),
7.62 (d, J = 8 Hz, 1 H), 8.2 (m, 2 H) ppm. Step 2.
(+/-)-10-Ethyl-10-aza-tricyclo[6.3.1
.02'7]dodeca-2(7),3,5-trien-4-ylamine (C29): A Parr(r)
shaker hydrogenation vessel was charged with C28
(1.2g, 5.14 mmol), MeOH (15 mL), NaOH flakes (200 mg,
5.14 mmol) and 10% Pd/C (120 mg), and the contents of
the reactor were shaken under 50 psi H2 for 14 hours
at about 250C. The reaction mixture was filtered
through Celite(r) and concentrated to provide C29 as a
white solid. (860mg, 83% yield). HPLC Rt 2.12 minutes;
LC/MS (Method F) m/z 202.1; 1H NMR (400 MHz, DMSO-d6)
d ppm 0.77 (t, J=7.3 Hz, 3 H) 1.49 (d, J=10.0 Hz, 1 H)
2.01 (m, 1 H) 2.17 (t, J=9.3 Hz, 2 H) 2.23 (q, J=7.3
Hz, 2 H) 2.65 (m, 2 H) 2.85 (s, 2 H) 4.7 (s, 2 H) 6.23
(d, J=7.9 Hz, 1 H) 6.34 (s, 1 H) 6.71 (d, J=7.9 Hz, 1
H) ppm. Step 3.
(+/-)-(4-Chloro-5-trifluoromethyl-pyrimidin-2-yl)-(1
0-ethyl-1 0-aza-tricyclo
[6.3.1.02'7]dodeca-2(7),3,5-trien-4-yl)-amine
hydrochloride salt (C30): Compound C30 was prepared in
a manner similar to that described in Step 5 of
Example 10 except that C29 (860 mg, 4.27 mmol) was
used instead of C20 to provide the free-base form of
C30 (600 mg, 1.58 mmol, 37% yield). The free-base form
of C30 was dissolved in 1N HCI in MeOH (5 mL), stirred
for 1 hour, and concentrated to provide C30 (718 mg,
1.58 mmol, 100 % yield). LC/MS (Method F) Rt 2.4 min;
LC/MS (Method F) m/z 383.2 (MH+).Step 4. A mixture of
C30 ( 173mg, 412 mmol), 1,4-dioxane (2 ml_), DIEA (215
mL, 1.23 primol), and 2M ethylamine in THF was stirred
at 9O0C for 12 hours and concentrated. The resultant
residue was purified on silica gel (6-8% CH3OHZCH2CI2)
to provide 19 as a light yellow solid (30 mg, 18%
yield). HPLC Rt 5.48 minutes; LC/MS (Method F) m/z
392.3 (MH+). Example 20
(-)-2-Methoxy-1-{4-[4-(2-methoxy-ethylamino)-5-trifluo
romethyl-pyrimidin-2-ylamino]-
(1R,8S)-10-aza-tricyclo[6.3.1.0
2'7]dodeca-2(7),3,5-trien-10-yl}-ethanone (20) Step 1.
(-)-4-Nitro-10-aza-tricyclo[6.3.1 .02
7]dodeca-2(7),3,5-triene (C31): Racemic C18 (13.68 g,
67 mmol) was resolved by chiral chromatography using
solution of 50/50 ethanol/heptane over a ChiralPak AD
column (10 cm X 50 cm), 450 ml flow rate, 6.84 g per
injection. The optical rotation of each isolated
enantiomer was calculated using a JASCO(r)
polarimeter: Peak 1: Rt = 14.44 min. [a]D -12.93
(c=.O117, CH2CI2), (-)-4-Nitro-1 0-azatricyclo[
6.3.1.0 2 7]dodeca-2(7),3,5-triene (C31) (6.5g, 32.1
mmol, 96% yield) ' Peak 2: Rt = 20.56 min. [afo +12.85
(c=.0115, CH2CI2), (+)-4-Nitro-1 0-azatricyclo[
6.3.1.0 2 ]dodeca-2(7),3,5-triene (C32) (6.5g, 32.1
mmol, 96% yield). Step 2. (-)-(4-lodo-phenyl)-(1/
:?,8S)-(4-nitro-10-aza-tricyclo[6.3.1.0 2
7]dodeca-2(7),3,5- trien-10-yl)-methanone (C33): A
mixture of C31 (1.3 g, 4.89 mmol) and 4-lodobenzoyl
chloride ( 1 .0 g, 4.89 mmol) in MeCN (10 mL) was
stirred at 250C for 2 hours. The resultant precipitate
was collected by filtration, washed with cold MeCN (10
mL), and the dried under reduced pressure to provide
C33 as a white solid (1.35 g, 2.88 mmol, 59% yield). A
100 mg portion of C33 was recrystallized from warm
ethanol. The resultant orthorhombic crystals examined
by single crystal X-ray crystallography and the
results confirmed the structure as depicted for C33.
1H NMR (400 MHz, DMSO-D6) d ppm 2.0 (t, J=11.0 Hz, 1
H) 2.2 (d, J=5.4 Hz, 1 H) 3.1 (dd, J=12.0, 5.0 Hz, 1
H) 3.2 (s, 1 H) 3.4 (d, J=18.3 Hz, 1 H) 4.4 (d,
.7=12.0 Hz, 1 



H) 6.6 (d, J=4.6 Hz, 2 H) 7.4 (d, J=7.9 Hz, 1 H) 7.5
(d, J=7.9 Hz, 1 H) 7.7 (t, J=8.1 Hz, 4 H) 8.0 (s, 1 H)
8.1 (m, 3 H) ppm. HPLC Rt 6.9 minutes; [a]D 2 1 -59.4
(c=.011, CH2CI2); LC/MS (Method F) m/z 435 (MH+). Step
3. (-)-2-Methoxy-1-((1
R,8S)-4-nitro-10-aza-tricyclo[6.3.1 .02
7]dodeca-2(7),3,5- trien-10-yl)-ethanone (C34):
Compound 34 was prepared in a manner similar to that
described for C23 in Step 7 of Example 10 except that
C31 (2.00 g, 9.79 mmol) was used instead of C22 to
provide C34 as a white solid (1.68 g, 62% yield). 1H
NMR (400 MHz, DMSO-D6) d ppm 2.0 (d, J=M. 2 Hz, 1 H)
2.2 (d, J=5.4 Hz, 1 H) 2.9 (m, 3 H) 3.0 (dd, J=12.7,
3.9 Hz, 2 H) 3.4 (m, 2 H) 3.7 (m, 3 H) 4.1 (d, J=12.5
Hz1 1 H) 7.5 (dd, J=16.6, 7.9 Hz, 1 H) 8.1 (m, 2 H)
ppm. HPLC Rt 4.56 minutes; [a]D -12.27 (c=0.010,
CH2CI2); LC/MS (Method F) m/z 277.3 (MH+).Step 4.
(-)-1-((1 R,8S)-4-Amino-10-aza-tricyclo[6.3.1
.02'7]dodeca-2(7),3,5-trien-10-yl)- 2-methoxy-ethanone
(C35): Compound 35 was prepared in a manner similar to
that described for C21 in Step 5 of Example 10 except
that C34 (1.68g, 6.07 mmol) was used instead of C20 to
provide C35 as a white solid (1.5g, 6 mmol, 99%). 1H
NMR (400 MHz1 DMSO-D6) d ppm 1.8 (d, J=10.4 Hz, 1 H)
2.1 (m, 1 H) 2.8 (dd, J=11.4, 6.9 Hz, 1 H) 3.0 (s, 3
H) 3.0 (d, J=5.8 Hz, 2 H) 3.3 (m, 1 H) 3.5 (m, 1 H)
3.7 (m, 2 H) 4.0 (m, 1 H) 4.8 (s, 2 H) 6.3 (m, 1 H)
6.4 (dd, J = 23, 2 Hz, 1 H) 6.8 (dd, J=19.9, 7.9 Hz, 1
H) ppm. HPLC Rt 3.054 minutes; [a]D -11.3 (c=0.009,
CH2CI2); LC/MS (Method F) m/z 248.3 (MH+). Step 5.
(-)-1-[4-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylami
no)- (1R,8S)-10-azatricyclo[ 6.3.1.0 2
7]dodeca-2(7),3,5-trien-10-yl]-2-methoxy-ethanone
(C36): A mixture of 5-
trifluoromethyl-2,6-dichloropyrimidine (1.3 g, 6.12
mmol) and (1:1) (vol>vol) t-BuOH/DCE 22 ml_ was
chilled to O0C under a nitrogen atmosphere and treated
with ZnCI2 (12.24 mL, 1M in Et2O). The mixture was
stirred for 1 hour at 00C and then treated with C35
(1.5g, 6.12 mmol). The reactor contents were stirred
for an additional 45 minutes at O0C then treated
drop-wise with Et3N (940mL, 6.73 mmol). The reaction
mixture was allowed to warm to 250C, stirred for 2
hours, and concentrated under reduced pressure. The
resultant residue was triturated with CH3OH, filter,
and the filtrate concentrated to dryness to provide
C36 as a white solid ( 1 .6g, 3.06 mmol, 50% yield).
HPLC Rt 6.39 minutes; LC/MS (Method F) m/z 427.8
(MH+); [a]D = -10.2. Step 6. Compound 20 was prepared
in a manner similar to that described for 10 in Step 8
of Example 10 by reacting C36 (250mg, 585 mmol) was
reacted with 2-Methoxy-1- ethylamine (104mg, 1.17
mmol) to provide 20 as a white solid (66 mg, 24%
yield). MS (Method F) Rt 1.9 minutes; LC/MS (Method F)
m/z 466.3 (MH+). Example 21
(+)-2-Methoxy-1-{4-[4-(2-methoxy-ethylamino)-5-trifluo
romethyl-pyrimidin-2-ylamino]-
(1S,8R)-10-aza-tricyclo[6.3.1.0 2
7]dodeca-2(7),3,5-trien-10-yl}-ethanone (21) Step 1:
(+)-2-Methoxy-1-((1S,8R)-4-nitro-10-aza-tricyclo[6.3.1
.0 2 7]dodeca-2(7),3,5- trien-10-yl)-ethanone (C37):
Compound C37 was prepared in a manner similar to that
described for C34 in Step 7 of Example 10, except that
C32 (2.0Og, 9.79 mmol) was used instead of C22 to
provide C37 as a pale yellow solid (1.68 g, 62%). 1H
NMR (400 MHz, DMSO-D6) d 2.0 (d, J=11.2 Hz, 1 H) 2.2
(d, J=5.4 Hz, 1 H) 2.9 (m, 3 H) 3.0 (dd, J=12.7, 3.9
Hz, 2 H) 3.4 (m, 2 H) 3.7 (m, 3 H) 4.1 (d, J=12.5 Hz,
1 H) 7.5 (dd, J=16.6, 7.9 Hz, 1 H) 8.1 (m, 2 H) ppm.
HPLC Rt 4.56 minutes; LC/MS (Method F) m/z 277.3
(MH+). Step 2.
(+)-1-((1S,8R)-4-Amino-10-aza-tricyclo[6.3.1.0 2
7]dodeca-2(7),3,5-trien-10-yl)- 2-methoxy-ethanone
(C38): Compound C38 was prepared in a manner similar
to that described for C21 in Step 4 of Example 10
except that C37 (1.68g, 6.07 mmol) was usedinstead of
C19 to provide C38 as a white solid (1.5g, 6.0 mmol,
99% yield). 1H NMR (400 MHz, DMSO-D6) d ppm 1.8 (d,
J=I 0.4 Hz, 1 H) 2.1 (m, 1 H) 2.8 (dd, J=11.4, 6.9 Hz,
1 H) 3.0 (3, 3 H) 3.0 (d, J=5.8 Hz, 2 H) 3.3 (m, 1 H)
3.5 (m, 1 H) 3.7 (m, 2 H) 4.0 (m, 1 H) 4.8 (s, 2 H)
6.3 (m, 1 H) 6.4 (dd, J = 23, 2 Hz, 1 H) 6.8 (dd,
J=19.9, 7.9 Hz, 1 H) ppm. HPLC Rt 3.05 minutes; [a]D +
12.05; LC/MS (Method F) m/z 248.3 (MH+) . Step 3.
(+)-1-[4-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylami
no)- (1S,8R)-10-azatricyclo[ 6.3.1.0
2'7]dodeca-2(7),3,5-trien-10-yl]-2-methoxy-ethanone
(C39): Compound C39 was prepared in a manner similar
to that described for C21 in Step 5 of Example 10
except that C38 (1.5g, 6.12 mmol) was used instead of
C20 to provide C39 as a white solid ( 1 .7g, 51%
yield). HPLC Rt 6.39 minutes; LC/MS (Method F) m/z
427.8 (MH+); [a]D = +12.04. Step 4. Compound 21 was
prepared in a manner similar to that described for 10
in Step 8 of Example 10 by reacting C39 (250mg, 585
mmol) with 2-Methoxy-1 -ethylamine (104mg, 1.17 mmol)
to provide 21 as a white solid (110 mg, 0.234 mmol,
40% yield). LC/MS (Method F) Rt 1.9 minutes; LC/MS
(Method F) m/z 466.3 (MH+). Example 22 (+/-)-N
4-Cyclobutyl-N
2-(9-methanesulfonyl-1,2,3,4-tetrahydro-1,4-epiazanona
phthalen-
6-yl)-5-trifluoromethyl-pyrimidine-2,4-diamine (22)
Step 1. (+/-)
6-Nitro-1,2,3,4-tetrahydro~1,4-epiazano-naphthalene-9-
carboxylic acid tert-butyl ester (C40): A solution of
LiOH monohydrate (5.4 g, 128.6 mmol) in 50 ml water
was added drop-wise to a solution of (+/-) 6-Nitro-1
,2,3,4-tetrahydro-1 ,4-epiazanonaphthalene-
9-trifluoroacetamide (16.65 g, 64.3 mmol) in 200 ml of
THF. The resultant mixture was stirred at 250C for 1
hour and treated with di-t-butyldicarbonate (21.1 g,
96.5 mmol). The resultant suspension was stirred 2
hours at 250C and concentrated under reduced pressure.
The resultant residue was then partitioned between 100
ml saturated NaCI and 3 x 100 ml CHCI3. The combined
organic layers were dried over MgSO4 and concentrated
under reduced pressure. The resultant orange solid was
passed through a 250 g plug of silica gel (230-400
mesh) eluting with 5% EtOAc/hexanes while collecting
250 ml fractions. The fractions containing C40 were
combined and concentrated to provide the racemate C40
as a pale yellow solid (14.4 g, 50.2 mmol 78%). 1H NMR
(400 MHz, DMSOd6) d 1.18 (m, 2 H), 1.29 (s, 9 H), 2.04
(m, 2 H), 5.20 (m, 2 H), 7.56 (m, 1 H), 8.08 (m, 1 H),
8.18 (m, 1 H) ppm. Step 2. A 200 g quantity (0.685
mole) of C40 was resolved using preparative chiral
chromatography under the following conditions: Column:
ChiralCel OJ 10 x 50 cm; particle size: 20 urn; flow
rate: 400 ml/min; detection: UV 300 nm; feed
concentration: 20mg/ ml in IPA/ Heptane 50/50;
injection volume: 106 ml/ injection; mobile phase:
IPA/Heptane 15/85; run time: 17 min./ injection.
Injections were stacked and two fractions were
collected for eachinjection, one for enantiomer 1 (-)
isomer and the other for enantiomer 2 (+) isomer. The
separation provided the following enantiomers: acid
tert-butyl ester (C41) (the enantiomerically pure (-)
isomer of the racemic compound C40). 1H NMR (400 MHz,
DMSO-d 6) d 1.21 (m, 2 H), 1.29 (s, 9 H), 2.04 (m, 2
H), 5.19 (m, 2 H), 7.56 (d, J = 8 Hz, 1 H), 8.08 (m, 1
H), 8.18 (d, J = 3 Hz, 1 H) ppm. [a]D (CH2CI2) = -
14.0. 93.5 g of
6-Nitro-(1R,4S)-1,2,3,4-tetrahydro-1,4-epiazano-naphth
alene-9-carboxylic acid tert-butyl ester (C42) (the
enantiomerically pure (+) isomer of the racemate C40).
1H NMR (400 MHz, DMSO-d 6) d 1.21 (m, 2 H), 1.30 (s, 9
H), 2.02 (m, 2 H), 5.19 (m, 2 H), 7.56 (d, J = 8 Hz, 1
H), 8.07 (m, 1 H), 8.18 (d, J = 3 Hz, 1 H) ppm. [a]D
(CH2CI2) = + 12.9. Step 3.
(+/-)-6-Amino-1,2,3,4-tetrahydro-1,4-epiazano-naphthal
ene-9-carboxylic acid tert-butyl ester (C43): Compound
C43 was prepared in a manner similar to that described
for C20 in Step 4 of Example 10 except that C40 (5.0
g, 17.2 mmol) was used instead of C19 to provide C43
as a gray solid (4.4 g, 17.0 mmol, 99% yield). 1HNMR
(400 MHz, DMSO) d 6.89 (d, J = 7.75 Hz, 1H), 6.51 (d,
J = 1.56 Hz, 1H), 6.27 (dd, J = 7.75 Hz, 1H), 4.94 (s,
2H), 4.84 (t, J = 3 Hz, 1H), 1.92 (d, J = 7.26 Hz,
2H), 1.33 (s, 9H), 1.13 (d, J = 6.22 Hz, 2H); MS: 261
.3 (MH+); HPLC Rt: 5.9 min; HPLC purity: 100%. Step 4.
(+/-)-
6-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylamino)-1,2
,3,4-tetrahydro- 1,4-epiazano-naphthalene-9-carboxylic
acid tert-butyl ester (C44): Compound C44 was prepared
in a manner similar to that described for C21 in Step
5 of Example 10 except that C43 (1.5 g, 5.76 mmol) was
used instead of C20 to provide C44 as a white solid
(2.14 g, 84%). The regiochemistry was confirmed by
x-ray crystallography. 1HNMR (400 MHz, DMSO) d 10.6
(s, 1H), 8.75 (s, 1H), 7.61 (s, 1H), 7.39 (dd, J =
3.95 Hz, 1H), 7.25 (d, J = 8.31 Hz, 1H), 4.99 (d, J =
8.68 Hz, 2H), 1.97 (d, J = 8.3 Hz, 2H), 1.29 (s, 9H),
1.16 (d, J = 7.0 Hz, 2H). MS: 441.0/443.0 (MH+); HPLC
Rt; 8.50 min; HPLC purity; 100%. Step 5. (+/-)-
6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yla
mino)-1, 2,3,4- tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (C45): Compound C44 was prepared in a manner
similar to that described for 10 in Step 8 of Example
10 by reacting C44 (0.4 g, 0.9 mmol) with cyclobutyl
amine (0.16 g, 2.72 mmol) to provide C45 as a white
solid (2.88 g, 89%). 1H NMR (500 MHz, DMSO-d6) d 9.6
(s, 1 H), 8.179 (s, 1 H), 7.81 (s, 1 H), 7.38-7.37 (m,
1 H), d 7.2 (d, J = 8 Hz 1 H); 7.01 (d, J = 6.7 Hz, 1
H), 4.985 (t, J = 4 Hz, 2 H), 4.616 (m, 1 H),
2.28-2.14 (m, 4 H), 2.01 (m, 2 H), 1.71-1.62 (m, 2 H),
1.33 (s, 9 H), 1.20 (m, 2 H); MS: 476.3 (MH+); HPLC
Rt: 8.8 min; HPLC purity: 100%. 



Step 6. (+/-)-N 4-Cyclobutyl-N 2-(1
,2,3,4-tetrahydro-i ,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(C46): A solution of C45 (2.73 g, 5.74 mmol) and HCI
(3 M in MeOH, 20 mL) was heated to 5O0C. After 2 hours
the mixture was concentrated under reduce pressure,
diluted with EtOAc, and the resultant solid collected
byfiltration to provide C46 as a white solid (2.4 g,
93%). 1H NMR (400 MHz, DMSO-d6) d 10.9 (br, 1 H), 9.6
(d, J = 7.9 Hz, 1 H), 9.37 (d, J = 7.9 Hz, 1 H), 8.39
(s, 1 H), 8.10 (br, 1 H), 7.77 (d, J = 1 Hz, 1 H),
7.52-7.50 (m, 1 H), 7.42 (d, J = 7.9 Hz, 1 H), 6.6
(br, 1 H), 5.21-5.18 (m, 2 H), 4.58-4.52 (m, 1 H),
2.27-2.14 (m, 6 H), 1.7-1.61 (m, 2 H), 1.37 (d, J =
8.3 Hz, 2 H); MS: 376.1 (MH+); HPLC Rt: 5.3 min; HPLC
purity: 100%. Step 7. Methanesulfonyl chloride (24 mg,
0.21 mmol) was added to a solution of C46 (75 mg, 0.17
mmol) and DIEA (65 mg, 0.5 mmol) in dichloromethane (4
mL). After 20 min the reaction mixture under reduced
pressure, and the resultant residue was purified by
flash column chromatography on silica gel (CH2CI2/Me0H
99:1) to provide 22 as a white solid (65 mg, 86 %). 1H
NMR (500 MHz, DMSO-d6) d 9.7 (br, 1 H), 8.19 (s, 1 H),
7.87 (s, 1 H), 7.42 (m, 1 H), 7.2 (d, J = 7.7 Hz, 1
H), 7.03 (d, J = 6.7 Hz, 1 H), 5.04 (s, 2 H), 4.61 (m,
1 H), 2.3 (s, 3 H), 2.25-2.12 (m, 6 H), 1.7 (m, 2 H),
1.3 (m, 2 H); MS: 454.0 (MH+); HPLC Rt: 7.11 min; HPLC
purity: 100%. Example 23 (+ /-)-1
-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-y
lamino)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-ethanone (23) Acetyl
chloride (13.1 mg, 0.17 mmol) was added to a solution
of C46 (75 mg, 0.17) and DIEA (65 mg, 0.5 mmol) in
CH2CI2 (4 mL). After 20 min the mixture was
concentrated under reduced pressure, and the resultant
residue was purified by flash column chromatography on
silica gel (CH2CI2/Me0H 98:2) to provide 23 as a white
solid (44 mg, 107 mmol, 63 %). 1H NMR (500 MHz, DMSOd
6) d 9.6 (br, 1 H), 8.17 (s, 1 H), 7.8 (m, 1 H), 7.4
(m, 1 H), 7.2 (m, 1 H), 7.0 (m, 1 H), 5.3-5.2 (m, 2
H), 4.6 (m, 1 H), 2.26-1.97 (m, 6 H), 1.9 (s, 3 H),
1.72-1.62 (m, 2 H), 1.3-1.16 (m, 2 H); MS: 418.1
(MH+); HPLC Rt: 6.71 min; HPLC purity: 100%. Examples
24 to 28 The compounds of Examples 24 to 28 (Table 1)
were prepared in a manner similar to that described
for 23 in Example 23. Example 29 (+/-)-
[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yl
amino)-1 ,2,3-4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-pyrrolidin-1-yl-methanon
e (29) Step 1.
(+/-)-6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin
-2-ylamino)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
4-nitro-phenyl ester (C47): Compound C47 was prepared
in a manner similar to that described for 24 in
Example 24 except that 4-Nitrophenyl chloroformate
(0.45 g, 2.23 mmol) was used instead of methyl
chloroformate to provide C47 as a white solid (1 .0 g,
83%). 1H NMR (500 MHz, DMSO-d6) d 9.6 (br, 1 H),
8.26-8.23 (m, 2 H), 8.18 (s, 1 H), 7.88 (br, 1 H),
7.43 (br, 1 H), 7.36 (d, J = 8.8Hz, 2 H), 7.29 (d, J =
7.7 Hz, 1 H), 7.036 (d, J = 6.7 Hz, 1 H), 5.44 (br, 1
H), 5.22 (br, 1 H), 4.6 (m, 1 H), 2.24-2.10 (m, 6 H),
1.64 (br, 2 H), 1.33 (br, 2 H) ppm. MS: 541 .4 (MH+);
HPLC Rt: 8.5 min; HPLC purity: 100%. Step 2. A
solution of C47 (90 mg, 0.17 mmol), pyrrolidine (18
mg, 0.25 mmol), and DIEA (43 mg, 0.33 mmol) in DMF (2
mL) was heated to 5O0C . After 2 hours the mixture was
diluted with H2O and extracted with EtOAc. The
combined organic layers was washed with water, dried
over Na2SO4, and concentrated under reduced pressure.
The resultant residue was purified on a Biotage(r)
flash 12S (CH2CI2/Me0H 98:2) to provide 29 as a white
solid (34 mg, 43 %). 1H NMR (500 MHz, DMSO-d 6) d 9.5
(br, 1 H), 8.16 (s, 1 H), 7.74 (s, 1 H), 7.34 (m, 1
H), 7.15 (d, J = 8.3 Hz, 1 H), 7.0 (d, J = 6.7 Hz, 1
H), 4.99 (s, 2 H), 4.6 (br, 1 H), 3.2 (br, 4 H),
2.25-2.11 (m, 4 H), 2.04-2.03 (m, 2 H), 1.74-1.60 (m,
6 H), 1.17-1.15 (m, 2 H) ppm. MS: 473.5 (MH+) Example
30
(+/-)-6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin
-2-ylamino)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalene-9-carboxylic acid
cyclopropylamide (30) Step 1. Cyclopropyl-carbamic
acid 4-nitro-phenyl ester (C48): 4-Nitrophenyl
chloroformate (1.7 g, 8.7 mmol) was added to a
solution of cyclopropylamine (0.5 g, 8.7 mmol) and
DIEA (2.2 g, 17.1 mmol) in THF (25 mL). After 20 min
the reaction mixture was quenched with H2O and the
layers separated. The aqueous layer was extracted with
EtOAc, and the combined organic layers were dried over
Na2SO4 and concentrated under reduced pressure. The
resultant residue was crystallized from hexanes/EtOAc
to provide C48 as a pale yellow solid (0.2 g, 0.87
mmol, 10% yield). 1H NMR (400 MHz, DMSO-d 6) d 8.2 (m,
3 H), 7.3 (m, 2 H), 2.5 (m, 1 H), 0.6 (m, 2 H), 0.4
(m, 2 H) ppm. HPLC Rt: 5.2 min; HPLC purity: 100%.
Step 2. A solution of C46 (0.1 g, 0.22 mmol), C48 (75
mg, 0.34 mmol) and DIEA (115 mg, 0.15 mL) in DMF ( 1
mL) was stirred at 250C for 2 hours. The mixture was
the partitioned between EtOAc and H2O, and the layers
separated. The organic layer washed with water, dried
over Na2SO4, and concentrated under reduced pressure.
The resultant residue was purified on a Biotage(r)
flash 12S (CH2CI2/Me0H 99:1) to provide 30 as a white
solid (73 mg, 7 1 %). 1H NMR (500 MHz, DMSO-d6) d 9.5
(br, 1 H), 8.17 (s, 1 H), 7.74 (s, 1 H), 7.3 (m, 1 H),
7.15 (d, J = 1 Hz, 1 H), 7.0 (1, J = 6.7 Hz, 1 H), 6.8
(d, J = 3.6 Hz, 1 H), 5.08 (s, 2 H), 4.6 (br, 1 H),
2.4 (m, 1 H), 2.28-2.13 (m, 4 H), 1.9 (m, 2 H), 1.7
(m, 2 H), 1.1 (m, 2 H), 0.5 (m, 2 H), 0.3 (m, 2 H)
ppm. MS: 459.5 (MH+); HPLC Rt: 6.63 min; HPLC purity:
100%. Example 3 1
(+/-)-1-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimi
din-2-ylamino)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2~morpholin-4-yl-ethanone
(31 )Morpholine (38 mg, 0.22 mmol) was added to a
solution of 28 (50 mg, 0.1 1 mmol) and DIEA (29 mg,
0.22 mmol) in THF (2 mL), and the resultant mixture
was stirred for 2 days at about 25C. The mixture was
then partitioned between EtOAc and H2O and the layers
separated. The organic layer was dried over Na2SO4 and
concentrated under reduced pressure. The resultant
residue was purified on Biotage(r) flash 12M
(CH2CI2/CH 3OH 98:2) to provide 31 as a white solid
(30 mg, 55 %). 1H NMR (500 MHz, DMSO-d6) d 9.6 (m, 1
H), 8.18 (s, 1 H), 7.82 (d, J = 23 Hz, 1 H), 7.4 (m, 1
H), 7.2 (m, 1 H), 7.01 (m, 1 H), 5.5 (s, 1 H), 5.34
(s, 1 H), 4.6 (br, 1 H), 3.5 (s, 4 H), 3.1-3.0 (m, 2
H), 2.36-2.11 (m, 9 H), 1.95 (m, 1 H), 1.66 (m, 2 H),
1.25 (m, 2 H) ppm. MS: 503.2 (MH+); HPLC Rt: 6.3 min;
HPLC purity: 100%. Example 32 (+/-)-N 4-Cyclopropyl-N
2-(1,2,3,4-tetrahydro-1,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(32) Step 1. (+/-)-
6-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidin-2-yl
amino)-1, 2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
tert-butyl ester (C49): Compound C49 was prepared in a
manner similar to that described for C45 in Step 5 of
Example 22 by reacting C44 (0.5 g, 1.13 mmol) with
cyclopropyl amine (77 mg, 1.36 mmol) to provide C49 as
a white solid (0.41 g, 80 %). 1H NMR (400 MHz,
DMSO-d6) d 9.6 (br, 1 H), 8.15 (s, 1 H), 7.94 (s, 1
H), 7.52 (d, J = 8 Hz, 1 H), 7.15 (m, 2 H), 4.92 (d, J
= 6 Hz, 2 H), 2.8 (m, 1 H), 1.95 (m, 2 H), 1.28 (s, 9
H), 1.14 (d, J = 8 Hz, 2 H), 0.74 (d, J = 7 Hz, 2 H),
0.65 (d, J = 3 Hz, 2 H) ppm. MS: 462.1 (MH+); HPLC Rt:
8.2 min; HPLC purity: 100%. Step 2. Compound 32 was
prepared in a manner similar to that described for C46
in Step 6 of Example 22 except that C49 (0.38 g, 0.83
mmol) was used instead of C45 to provide 32 as a white
solid (0.36 g, 100 %). 1H NMR (500 MHz, DMSO-d6) d
10.8 (br, 1 H), 9.47 (d, J = 8 Hz, 1 H), 9.31 (d, J =
8 Hz, 1 H), 8.4 (s, 1 H), 8.03 (s, 2 H), 7.7 (d, J = 7
Hz, 1 H), 7.42 (d, J = 8 Hz, 1 H), 5.22 (m, 2 H), 4.8
(br, 1 H), 2.9 (m, 1 H), 2.2 (m, 2 H), 1.4 (m, 2 H),
0.83 (m, 2 H), 0.74 (m, 2 H) ppm. MS: 362.1 (MH+).
Example 33 (+/-)-N 4-Cyclopentyl-N
2-(1,2,3,4-tetrahydro-1,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(33) Step 1.
(+/-)-6-(4-Cyclopentylamino-5-trifluoromethyl-pyrimidi
n-2-ylamino)-1, 2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
tert-butyl ester (C50): Compound C50 was prepared in a
manner similar to that described for C44 in Step 4 of
Example 22 by reacting C44 with cyclopentyl amine ( 1
19 mg, 1.35 mmol) to provide C50 as a white solid
(0.38 g, 70 %). 1H NMR (400 MHz, DMSO-d6) d 9.5 (br, 1
H), 8.14 (s, 1 H), 7.78 (s, 1 H), 7.33 (m, 1 H), 7.15
(m, 1 H), 6.51 (m, 1 H), 4.93 (m, 2 H)1 4.4 (m, 1 H),
1.9 (m, 4 H), 1.7 (m, 2 H),1.54 (m, 4 H), 1.29 (s, 9
H), 1.15 (m, 2 H) ppm. MS: 490.1 (MH+); HPLC Rt: 9.1
min; HPLC purity: 100%. Step 2. Compound 33 was
prepared in a manner similar to that described for C46
in Example 22 except that C50 (341 mg, 0.697 mmol) was
used instead of C45 to provide 33 as a white solid
(0.32 g, 100 %). 1H NMR (500 MHz, DMSOd 6) d 10.7 (br,
1 H), 9.54 (d, J = 8.3 Hz, 1 H), 9.4 (d, J = 7.7 Hz, 1
H), 8.38 (s, 1 H), 7.82 (s, 1 H), 7.55 (m, 1 H), 7.42
(m, 1 H), 5.2 



(s, 2 H), 4.48 (m, 1 H), 2.27 (m, 2 H), 1.9 (m, 2 H),
1.75-1 .62 (m, 4 H), 1.59-1 .54 (m, 2 H), 1.39 (m, 2
H) ppm. MS: 390.1 (MH+). Example 34 (+/-)-N 4-Methyl-N
2-(1 ,2,3,4-tetrahydro-i
,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(34) Step 1.
(+/-)-6-(4-Methylamino-5-trifluoromethyl-pyrimidin-2-y
lamino)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
tert-butyl ester (C51): Compound C51 was prepared in a
manner similar to that described for C45 in Step 5 of
Example 22 by reacting C44 (1.0 g, 2.27 mmol) with
methylamine (2.0 M solution in THF, 2.2 mL, 4.54 mmol)
to provide C51 as a white solid (0.85 g, 86 %). 1H NMR
(500 MHz, DMSO-d6) d 9.6 (br, 1 H), 8.16 (s, 1 H),
7.76 (m, 1 H), 7.48 (m, 1 H), 7.12 (m, 1 H), 7.12 (m,
1 H), 4.98 (s, 2 H), 2.92 (m, 3 H), 1.99 (m, 2 H),
1.33 (s, 9 H), 1.19 (m, 2 H); MS: 436.5 (MH+) ppm.
HPLC Rt: 7.7 min; HPLC purity: 100%. Step 2. Compound
34 was prepared in a manner similar to that described
for C46 in Step 6 of Example 22 except that C51 (0.85
g, 1.95 mmol) was used instead of C45 to provide 34 as
a white solid (0.79 g, 99 %). 1H NMR (500 MHz, DMSOd
6) d 11.02 (br, 1 H), 9.62 (m, 1 H), 9.37 (m, 1 H),
8.43 (s, 1 H), 8.25 (br, 1 H), 7.82 (m, 1 H), 7.62 (m,
1 H), 7.45 (m, 1 H), 5.22 (m, 2 H), 2.98 (d, J = 4 Hz,
3 H), 2.26 (m, 2 H), 1.40 (m2, H) ppm. MS: 336.5
(MH+). Example 35 (+/-)-N
4-(2-Methoxy-ethyl)-N%4&-methyl-N
2-(1,2,3,4-tetrahydro-1,4-epiazanonaphthalen-
6-yl)-5-trifluoromethyl-pyrimidine-2,4-diamine
dihydrochloride (35) Step 1.
(+/-)-6-{4-[(2-Methoxy-ethyl)-methyl-amino]-5-trifluor
omethyl-pyrimidin-2- ylamino}-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (C52): Compound C52 was prepared in a manner
similar to that described for C45 in Step 5 of Example
22 by reacting C44 (1.0 g, 2.27 mmol) with
(2-Methoxy-ethyl)-methyl-amine (0.4 g, 4.54 mmol) to
provide C52 as a white solid (1.0 g, 89 %). 1H NMR
(500 MHz1 DMSOd 6) d 9.67 (br, 1 H), 8.35 (s, 1 H),
7.7 (br, 1 H), 7.34 (m, 1 H), 7.19 (m, 1 H), 4.99 (s,
2 H), 3.77 (m, 2 H), 3.58 (m, 2 H), 3.25 (s, 3 H),
3.12 (s, 3 H), 2.00 (m, 2 H), 1.33 (s, 9 H), 1.19 (m,
2 H) ppm. MS: 494.5 (MH+); HPLC Rt: 8.4 min; HPLC
purity: 100%.Step 2. Compound 35 was prepared in a
manner similar to that described for C46 in Step 6 of
Example 22 except that C52 (0.85 g, 1.95 mmol) was
used instead of C45 to provide 35 as a white solid
(0.95 g, 100 %). 1H NMR (500 MHz1 DMSO-Of6) d 10.6
(br, 1 H), 9.67 (m, 1 H), 9.37 (m, 1 H), 8.53 (s, 1
H), 7.7 (s, 1 H), 7.51 (m, 1 H), 7.41 (m, 1 H), 5.2
(s, 2 H), 3.83 (m, 2 H), 3.6 (m, 2 H), 3.25 (s, 3 H),
3.20 (s, 3 H), 2.28 (m, 2 H), 1.49 (m, 2 H) ppm. MS:
394.5 (MH+). Example 36 (+/-)-N4-Ethyl-N
2-(1,2,3,4-tetrahydro-1,4-epiazano-naphthalen-6-yl)-5-
trifluoromethylpyrimidine- 2,4-diamine dihydrochloride
(36) Step 1.
(+/-)-ethylamino-5-trifluoromethyl-pyrimidin-2-ylamino
)-1,2,3,4-tetrahydro-1,4-
epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (C53): Compound C53 was prepared in a manner
similar to that described for C45 in Step 5 of Example
22 by reacting C44 (1.0 g, 2.27 mmol) with ethylamine
(4.54 mmol, 2.27 ml_, 2.0 M solution in THF) to
provide C53 as a white solid. (0.86 g, 84%). 1H NMR
(500 MHz, DMSO-d6) d 9.6 (br, 1 H), 8.16 (s, 1 H),
7.77 (s, 1 H), 7.42 (m, 1 H), 7.17 (m, 2 H), 4.96 (m,
2 H), 3.48 (m, 2 H), 2.0 (m, 2 H), 1.32 (s, 9 H), 1.17
(m, 5 H)ppm. MS: 450.5 (MH+); HPLC Rt: 8.11 min; HPLC
purity: 100%. Step 2. Compound 36 was prepared in a
manner similar to that described for C46 in Step 6 of
Example 22 except that C53 (0.86 g, 1.9 mmol) was used
instead of C45 to provide 36 as a white solid (0.8 g,
99 %). 1H NMR (500 MHz, DMSOO 6) d 11.0 (br, 1 H),
9.64 (m, 1 H), 9.38 (m, 1 H), 8.44 (s, 1 H), 8.2 (br,
1 H), 7.8 (m, 1 H), 7.58 (m, 1 H), 7.44 (m, 1 H), 5.23
(m, 2 H), 3.5 (m, 2 H), 2.28 (m, 2 H), 1.39 (m, 2 H),
1.17 (m, 3 H) ppm. MS: 350.5 (MH+). Example 37
(+/-)-N4-(2-Methoxy-ethyl)-N
2-(1,2,3,4-tetrahydro-1,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(37) Step 1.
(+/-)-6-[4-(2-Methoxy-ethylamino)-5-trifluoromethyl-py
rimidin-2-ylamino]-
1,2,3,4-tetrahydro-1,4-epiazano-naphthalene-9-carboxyl
ic acid tert-butyl ester (C54): Compound C54 was
prepared in a manner similar to that described for C45
in Step 5 of Example 22 by reacting C44 (1.0 g, 2.27
mmol) with 2-methoxyethylamine (341 mg, 4.5 mmol) to
provide C54 as a white solid (1.0 g, 93 %). 1H NMR
(500 MHz, DMSO-d6) d 9.6 (br, 1 H), 8.18 (s, 1 H), 7.8
(br, 1 H), 7.37 (m, 1 H), 7.18 (m, 1 H), 7.07 (m, 1
H), 4.98 (s, 2 H), 3.62 (m, 2 H), 3.55 (m, 2 H), 3.28
(s, 3H), 1.98 (m, 2 H), 1.33 (s, 9 H), 1.19 (m, 2 H)
ppm. MS: 480.5 (MH+); HPLC Rt: 7.8 min; HPLC purity:
100%. Step 2. Compound 37 was prepared in a manner
similar to that described for C46 in Step 6 of Example
22 except that C54 ( 1.0 g, 2.1 mmol) was used instead
of C45 to provide 36 as a white solid (0.92 g, 98 %).
1H NMR (500 MHz, DMSOd 6) d 10.5 (br, 1 H), 9.4 (m, 1
H), 9.3 (m, 1 H), 8.3 (s, 1 H), 7.85 (s, 1 H), 7.56
(m, 1 H), 7.41 (m, 1 H), 5.2 (s, 2 H), 4.3 (br, 1H),
3.63 (m, 2 H), 3.52 (m, 2 H), 3.27 (s, 3 H), 2.25 (m,
2 H), 1.40 (m, 2 H) ppm. MS: 380.5 (MH+). Example 38
(+/-)-N 4-lsopropyl-N
2-(1,2,3,4-tetrahydro-1,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(38) 38 Step 1.
(+/-)-6-(4-lsopropylamino-5-trifluoromethyl-pyrimidin-
2-ylamino)-1 ,2,3,4- tetrahydro-1 ,4-epiazano-
paphthale pe-9-carboxylic acid tert-butyl ester (C55):
Compound C55 was prepared in a manner similar to that
described for C45 in Step 5 of Example 22 by reacting
C44 (1.0 g, 2.27 mmol) with isopropylamine (0.27 g,
4.5 mmol) to provide C55 as a white solid (0.73 g,
69%). 1H NMR (500 MHz, DMSO-c/6) d 9.58 (BR, 1 H),
8.17 (S, 1 H), 7.73 (S, 1 H), 7.41 (m, 1 H), 7.19 (m,
1 H), 6.47 (m, 1 H), 4.9 (m, 2 H), 4.4 (m, 1 H), 2.0
(m, 2 H), 1.33 (s, 9 H), 1.23 (m, 6 H), 1.2 (m, 2 H)
ppm. MS: 464.5 (MH+); HPLC Rt: 8.62 min; HPLC purity:
100%. Step 2. Compound 38 was prepared in a manner
similar to that described for C46 in Step 6 of Example
22 except that C55 (0.72 g, 1.55 mmol) was used
instead of C45 to provide 38 as a white solid (0.67 g,
99 %). 1H NMR (500 MHz, DMSO-d 6) d 11.0 (br, 1 H),
9.7 (m, 1 H), 9.4 (m, 1 H), 8.4 (s, 1 H), 7.6 (m, 2
H), 7.55 (m, 1 H), 7.44 (m, 1 H), 5.25 (m, 2 H), 4.4
(m, 1 H), 2.3 (m, 2 H), 1.4 (m, 2 H), 1.24 (m, 6 H)
ppm. MS: 364.5 (MH+). Example 39
(+/-)-(4-Methoxy-5-trifluoromethyl-pyrimidin-2-yl)-(1,
2,3,4-tetrahydro-1,4-epiazanonaphthalen- 6-yl)-amine
(39) Compound 39 was prepared in a manner similar to
that described for 46 in Step 6 of Example 22 except
that C44 ( 1 .0 g, 2.23 mmol) was used instead of C45
to provide 39 as a white solid (0.9 g, 98 %). 1H NMR
(400 MHz, DMSO-cfe) d 10.3 (br, 1 H), 9.58 (m, 1 H),
9.31 (m, 1 H), 8.50 (s, 1 H), 7.86 (m, 1 H), 7.58 (m,
1 H), 7.36 (m, 1 H), 5.18 (m, 2 H), 4.01 (s, 3 H),
2.23 (m, 2 H), 1.35 (m, 2 H); MS: 335.6 (MH-) ppm HPLC
Rt: 4.72 min; HPLC purity: 100%. Example
40N4-Cyclobutyl-N 2-(1 S,4R)-(1 ,2,3,4-tetrahydro-i
,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(40) Step 1. 6-Amino-(1S,4R)-1 ,2,3,4-tetrahydro-1
^-epiazano-naphthalene- -carboxylic acid tert-butyl
ester (C56): Compound 56 was prepared in a manner
similar to that described for C20 in Step 4 of Example
10 except that C41 (4.5 g, 15.5 mmol) was used instead
of C19 to provide C56 as an off-white solid (3.95 g,
98%). 1H NMR (400 MHz, DMSO-c/6) d 1.10 (m, 2 H), 1.29
(s, 9 H), 1.89 (m, 2 H), 4.81 (m, 2 H), 4.95 (bs, 2
H), 6.24 (m, 1 H), 6.48 (m, 1 H), 6.86 (m, 1 H) ppm.
HPLC Rt = 5.95, HPLC Purity = 100%. [a], C(0.01 165) =
- 7.02. Step 2.
6-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylamino)-(1
S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (C57): Compound C57 was prepared in a manner
similar to that described for C21 in Step 5 of Example
10, except that C56 (3.8 g, 14.6 mmol) was used
instead of C20 to provide C57 as a white solid (4.76
g, 74%). 1H NMR (400 MHz, DMSO-db) d 1.17 (m, 2 H)1
1.30 (s, 9 H), 1.97 (m, 2 H), 4.99 (m, 2 H), 7.24 (m,
1 H), 7.40 (m, 1 H), 7.61 (bs, 1 H), 8.76 (s, 1 H),
10.6 (s, 1 H) ppm. HPLC Rt = 8.49, HPLC Purity = 100%.
[a] , C (0.01035) = - 14.8. Step 3.
6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yla
mino)-(1 S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
tert-butyl ester (C58): Compound 58 was prepared in a
manner similar to that described for 10 in Step 8 of
Example 12 by reacting C57 (1.1 g, 2.5 mmol) with
cyclobutylamine (288 mL, 3.4 mmol) to provide of C58
as a white solid (998 mg, 84%). 1H NMR (400 MHz,
DMSO-cfe) d 1.17 (m, 2 H), 1.30 (s, 9 H), 1.66 (m, 2
H), 1.97 (m, 2 H), 2.20 (m, 4 H), 4.50 (m, 1 H), 4.95
(m, 2 H), 6.99 (m, 1 H), 7.17 (m, 1 H), 



7.33 (m, 1 H), 7.78 (bs, 1), 8.15 (s, 1 H), 9.59 (bs,
1 H) ppm. HPLC Rt = 8.77, HPLC Purity = 100%. Step 4.
Compound 40 was prepared in a manner similar to that
described for C46 in Step 6 of Example 22 except that
C58 (938 mg, 1.98 mmol) was used instead of C45 to
provide 40 as a bone colored solid (91 1 mg, 82 %). 1H
NMR (400 MHz, DMSO-cfe) d 1.37 (m, 2 H), 1.67 (m, 2
H), 2.20 (m, 6 H), 4.55 (m, 1 H), 5.18 (m, 2 H), 6.65
(bs, 1 H), 7.40 (m, 1 H), 7.52 (m, 1 H), 7.80 (m, 1
H), 7.89 (bs, 1 H), 8.34 (s, 1 H), 9.31 (m, 1 H), 9.48
(m, 1 H), 10.63 (bs, 1 H) ppm. HPLC Rt = 5.62, HPLC
Purity = 100%. Example 41
1-[6-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidin-2
-ylamino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-methylamino
-ethanone (41) Step 1.
(4-Chloro-5-trifluoromethyl-pyrimidin-2-yl)-{(1S,4R)-1
,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-6-yl}-amine dihydrochloride (C59):
Compound C59 was prepared in a manner similar to that
described for C22 in Step 6 of Example 10 except that
C57 ( 1 .0 g, 2.26 mmol) in 1,4-dioxane (2 mL) was
used instead of C21 to provide C59 as a white solid
(0.93 g, 100 %). 1H NMR (500 MHz, DMSO-cfe) d 10.84
(s, 1 H), 9.27 (br, 2 H), 8.8 (s, 1 H), 7.8 (s, 1H),
7.6 (m, 1 H), 7.44 (m, 1 H), 5.24 (m, 2 H), 2.23 (m, 2
H), 1.41 (m, 2 H) ppm. MS: 339.4 (MH+); HPLC Rt: 4.98
min; HPLC purity: 100%. Step 2.
{2-[6-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylamino)
-(1S,4R)-1 ,2,3,4- tetrahydro-1 ,4-epiazano-naphtha!e
p-9-yl]-2-oxo-ethyl}-methyl-carbamic acid tert-butyl
ester (C60): 1,3-diisopropylcarbodiimide (0.14 g, 1.1
mmol) was added to a solution of N-methyl-Nf-
Boc-sarcosine (0.41 g, 2.20 mmol) in CH2CI2 (5 mL).
After 1 hour C59 (0.46 g, 1.10 mmol) was added,
followed by addition of DIEA (0.43 g, 3.30 mmol).
After 30 min the mixture was concentrated, and the
resultant residue was partitioned between EtOAc and
saturated aqueous sodium bicarbonate. The layers were
separated and the aqueous layer was extracted with
EtOAc. The combined organic layers were dried over
Na2SO4 and concentrated under reduced pressure. The
resultant residue was purified on Biotage (r) Flash
4OM (hexanes/EtOAc = 1:1) to provide C60 as a white
solid (0.55 g, 98 %). 1H NMR (400 MHz, DMSO-Gf6) d
10.65 (br, 1 H), 8.7 (s, 1 H), 7.6 (br, 1 H), 7.39 (m,
1 H), 7.26 (m, 1 H), 5.4- 5.34 (m, 2 H), 4.02-3.94 (m,
2 H), 2.7-2.67 (m, 3 H), 2.92-1.92 (m, 2 H), 1.34,1.17
(rotamers) (S1S, 9 H), 1.25-1 .1 (m, 2 H) ppm. MS:
512.4/412.3 (MH+); HPLC Rt: 7.4 min; HPLC purity:
100%. Step 3. A solution of C60 (0.1 g, 0.2 mmol),
cyclopropylamine (0.23 mg, 0.40 mmol), and DIEA (78
mg, 0.60 mmol) was heated to 900C in a sealed tube.
After 5 hours the mixture was concentrated under
reduced pressure, and the resultant residue was
partitioned between EtOAc and H2O. The layers were
separated and the organic layer was washed with water.
The organic layer was then dried over Na2SO4 and
concentrated under reduced pressure. The resultant
residue was purified on Biotage(r) Flash 12M
(hexanes/EtOAc = 1:1) to provide a white solid. The
solid was dissolved in CH2CI2, and TFA (0.23 g, 2.0
mmol) was added. After 20 min the mixture was
concentrated under reduced pressure. The resultant
residue was dissolved in EtOAc and washed with
saturated aqueous NaHCO 3 and H2O. The organic layer
was dried over Na2SO4 and concentrated under reduced
pressure to provide 41 as a white solid (60 mg, 70 %).
1H NMR (500 MHz, DMSO-c/6) d 9.71 (br, 1 H), 8.18 (s,
1 H), 7.99 (m, 1 H), 7.57 (m, 1 H), 7.19 (m, 2 H),
5.34 (m, 2 H), 3.32-3.12 (m, 3 H), 2.85 (m, 1 H), 2.2
(s, 3 H), 2.06-1.93 (m, 2 H), 1.23 (m, 2 H), 0.80 (m,
2 H), 0.68 (m, 2 H) ppm. MS: 433.0 (MH+); HPLC Rt: 5.0
min; HPLC purity: 100%. Example 42
N-{2-[6-(4-Cyclopropylamino-5-trifluoromethyl-pyrimidi
n-2-ylamino)-(1 S,4R)-1, 2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-
N-methyl-acetamide (42) Acetic anhydride (12 mg, 0.12
mmol) was added to a solution of 41 (50 mg, 0.12 mmol)
and DIEA (45 mg, 0.35 mmol) in THF (5 mL). After 20
min the mixture was concentrated under reduced
pressure, and the resultant residue was purified on
Biotage(r) Flash 12M (CH2CI2/CH3OHI = 98:2) to provide
42 as a white solid (38 mg, 69 %). 1H NMR(500 MHz,
DMSO-(J6) d 9.7 (br, 1 H), 8.18 (s, 1 H), 8.01 (m, 1
H), 7.59 (m, 1 H), 7.2 (m, 2 H), 5.36-5.29 (m, 2 H),
4.01 (m, 2 H), 2.89, 2.69 (s,s, 3 H), 2.85 (BR, 1 H),
2.09-1.9 (M, 2 H), 1.98 (S, 3 H), 1.2 (M, 2 H), 0.8
(M, 2 H), 0.68 (M, 2 H) ppm. MS: 475.0 (MH+); HPLC Rt:
5.54 min; HPLC purity: 100%. Example 43
1-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-
ylamino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-methylamino
-ethano pe (43) Step 1.
{2-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2
-ylamino)-(1S,4R)- 1,2,3,4-tetrahydro-1
^-epiazano-naphthalen- -yl^-oxo-ethylj-methyl-carbamic
acid tert-butyl ester (C61): Compound C61 was prepared
in a manner similar to that described for C60 in
Example 4 1 by reacting 40 (0.1 mg, 0.223 mmol) and
N-methyl-N-t-Boc-sarcosine (84 mg g, 0.45 mmol) to
provide C61 as a white solid (0.1 g, 98 %). 1H NMR
(500 MHz, DMSOd 6) d 9.6 (br, 1 H), 8.2 (s, 1 H), 7.8
(br, 1 H), 7.4 (m, 1 H), 7.2 (m, 1 H), 7.02 (m, 1 H),
5.34 (m, 2 H), 4.6 (br, 1 H), 4.0 (m, 1 H), 3.86 (m, 1
H), 2.6 (m, 3 H), 2.25-1 .9 (m, 6 H), 1.7 (m, 2 H),
1.37,1 .2 (rotamers) (m, 9 H), 1.3 (m, 2 H); MS:
547.5/447.4 (MH+); HPLC Rt: 7.7 min; HPLC purity:
100%. Step 2. TFA (0.15 g, 1.3 mmol) was added to a
solution of C61 (0.18 g, 0.33 mmol) in CH2CI2 (5 mL).
After 1 hour the mixture was concentrated, the
resultant residue partitioned between EtOAc and
saturated aqueous NaHCO3, and the layers separated.
The organic layer was washed with H2O, dried over
Na2SO , and concentrated under reduced pressure to
provide 43 as a white solid (0.12 g, 82 %). 1H NMR
(500 MHz, DMSO-d6) d 9.61 (br, 1 H), 8.18 (s, 1 H),
7.6 (m, 1 H), 7.3 (m, 1 H), 7.2 (m, 1 H), 7.0 (m, 1
H), 5.3 (m, 2 H), 4.6 (br, 1 H), 3.28 (m, 2 H),
2.25-1.95 (m, 6 H), 2.2 (s, 3 H), 1.6 (m, 2 H), 1.2
(m, 2 H) ppm. MS: 447.4 (MH+); HPLC Rt: 5.5 min; HPLC
purity: 100%. Example 44 N- - b-^-Cyclobutylamino-
d-trifluoromethyl-pyrimidin^-ylamino)- ( 1S,4R)-1
,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-
N-methyl-acetamide (44) Compound 44 was prepared in a
manner similar to that described for 42 in Example 42
except that 40 (70 mg, 0.16 mmol) was used instead of
41 to provide 44 as an off-white solid (60 mg, 78 %).
1H NMR (500 MHz, DMSO-c/6) d 9.6 (br, 1 H), 8.18 (s, 1
H), 7.8 (m, 1 H), 7.4 (m, 1 H), 7.2 (m, 1 H), 7.0 (m,
1 H), 5.36 (m, 2 H), 4.6 (br, 1 H), 4.1 (m, 1 H), 4.0
(m, 1 H), 2.9, 2.7 (rotamers) (s,s, 3 H), 2.2 (m, 6
H), 1.99 (m, 3 H), 1.69 (m, 2 H), 1.2 (m, 2 H); MS:
489.0 (MH+) ppm. HPLC Rt: 6.0 min; HPLC purity:
100%.Example 45
N-{2-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin
-2-ylamino)-(1S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-acetam ide
(45) Step 1.
N-{2-[6-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylamin
o)-(1 S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-acetam ide
(C62): Method A. Compound C62 was prepared in a manner
similar to that described for C60 in Example 4 1 by
reacting C59 (0.92 mg, 2.23 mmol) and N-acetylglycine
(0.6 g, 2.25 mmol) to provide C62 as an off-white
solid (0.54 g, 55%). 1H NMR (500 MHz, DMSO-c/6) d
10.68 (m, 1 H), 8.79 (s, 1 H), 8.03 (br, 1 H), 7.68
(br, 1 H), 7.4 (m, 1 H), 7.3 (m, 1 H), 5.48- 5.36 (m,
2 H), 3.93 (m, 1 H), 3.73 (m, 1 H), 2.12 (m, 1 H),
1.95 (m, 1 H), 1.82 (s, 3 H), 1.28- 1.11 (m, 2 H) ppm.
MS: 442.0/439.9 (MH+); HPLC Rt: 5.6 min; HPLC purity:
100%. Method B. As an alternative, compound C62 can be
prepared adding a solution of C41 (37.9g, 0.13mol) in
methanol (38 mL) to a solution of thionyl chloride
(47.4 mL, 0.650mol, 5eq) in methanol (380 mL) under
nitrogen at 25C, mixed for 18 hours, and concentrated
under reduced pressure to provide
6-Nitro-1,2,3,4-tetrahydro-1,4-epiazano-naphthalene
HCI (C113) as a solid (33.1g, 0.145 mol, 112% yield
(excess yield due to residual methanol)): A mixture of
n-acetyl glycine (3.26g, 0.028 mol, 1eq),
6-Chloro-2,4-dimethyoxy-striazine (CDMT) (4.69g, 0.027
mol, 0.97eq) and acetonitrile (5OmL) was cooled to O0C
and treated dropwise with N-methyl morpholine (3.03mL,
0.028 mol, 1eq). After 2 hours the mixture was treated
with solid C113 (5.00 g, 0.028 mol), and the reaction
mixture was allowed to warm to room temperature. After
about 18 hours the mixture was filtered, concentrated
to approximately half the volume, and treated with
water with stirring. The resultant mixture was
filtered and concentrated under reduced pressure to
provide N-[2-((1S,4R)-6-Nitro-1, 2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl)-2-oxo-ethyl]-
acetamide (CAB) (5.3Og, 0.01 8mol, 83% yield).
Compound C114 (4.2g, 0.01 5mol), 10% palladium on
carbon 50% water wet (400mg), and ethanol (40 mL) were
charged to a Parr reactor, and the contents of the
reactor were treated with 50 PSI of hydrogen at 4O0C.
After 1 hour the mixture was filtered through celite
at 4O0C and concentrated to dryness to provide
N-[2-((1S,4R)-6-Amino 1,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl)-2-oxo-ethyl]-acetamide
(C115) (3.43g, 0.01 3mol, 



91% yield). A mixture of C115 (0.44g, 17mmol), zinc
dibromide (0.43g, 18mmol, 1.1eq) t-butanol (1 .3mL),
and dichloroethane (1.32mL) was stirred at room
temperature for 30 minutes. The mixture was then
treated with 2,4-dichloro-5-trifluoromethylpyrimidine
(0.42g, 18mmol 1.1 eq) followed by triethylamine
(0.26mL, 18mmol, 1.1 eq). After 3 hours the mixture
was concentrated, and the resultant residue was
triturated with hexanes overnight. The resultant
solids were collected by filtration to provide C62
(0.33g, 075 mmol, 44% yield).Step 2. Compound 45 was
prepared in a manner similar to that described in Step
8 of Example 10 by reacting C62 (0.10 g, 0.23 mmol)
with cyclobutyl amine (32 mg, 0.45 mmol) to provide 45
as a white solid (39 mg, 62%). 1H NMR (400 MHz,
DMSO-d6) d 9.6 (br, 1 H), 8.15 (s, 1 H), 8.0 (m, 1 H),
7.78 (m, 1 H), 7.37 (m, 1 H), 7.19 (m, 1 H), 7.0 (m, 1
H), 5.39-5.3 (m, 2 H), 4.6 (m, 1 H), 3.9-3.8 (m, 1 H),
3.7-3.6 (m, 1 H), 2.21-2.0 (m, 5 H), 1.9-1 .8 (m, 1
H), 1.8 (s, 3 H), 1.67-1.63 (m, 2 H), 1.2-1.1 (m, 2
H)prm. HPLC Rt: 8.82 min; HPLC purity: 100%. Example
46 N4-lsopropyl-N 2-{(1 S,4R)-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-yl}-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(46) Step 1.
6-(4-lsopropylamino-5-trifluoromethyl-pyrimidin-2-ylam
ino)-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
tert-butyl ester (C63): Compound C63 was prepared in a
manner similar to that described for C58 in Step 3 of
Example 40 except that isopropylamine (0.16 g, 2.27
mmol) was used instead of cyclobutlyamine to provide
C63 as an off-white solid (0.78 g, 74 %). 1H NMR (400
MHz, DMSOd 6) d 9.5 (br, 1 H), 8.14 (s, 1 H), 7.69 (s,
1 H), 7.37 (m, 1 H), 7.15 (m, 1 H), 6.44 (m, 1 H),
4.94 (m, 2 H), 4.4 (m, 1 H), 1.9 (m, 2 H), 1.29 (s, 9
H), 1.2 (m, 6 H), 1.1 (m, 2 H); MS: 464.6 (MH+) ppm.
HPLC Rt: 8.6 min; HPLC purity: 100%. Step 2. Compound
46 was prepared in a manner similar to that described
for 40 in Step 4 of Example 40 except that C63 (70 mg,
0.16 mmol) was used instead of C58 to provide 46 as a
white solid (0.73 g, 99 %). 1H NMR (500 MHz, DMSO-d6 )
d 10.8 (br, 1 H), 9.62 (m, 1 H), 9.36 (m, 1 H), 8.4
(s, 1 H), 7.7 (s, 1 H), 7.6 (br, 1 H), 7.5 (m, 1 H),
7.43 (m, 1 H), 5.23 (m, 2 H), 4.4 (m, 1 H), 4.4 (br, 1
H), 2.27 (m, 2 H)1 1.39 (m, 2 H), 1.24 (m, 6 H) ppm.
MS: 364.5 (MH+). Example 47 N4-Ethyl-N 2-{(1 S,4R)-1
,2,3,4-tetrahydro-1 ,4-epiazano-naphthalen-6-yl}-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(47) Step 1.
6-(4-Ethylamino-5-trifluoromethyl-pyrimidin-2-ylamino)
-(1S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
tert-butyl ester (C64): Compound C64 was prepared in a
manner similar to that described for C58 in Step 3 of
Example 40 except that ethylamine (2.0 M solution in
tetrahydrofuran, 2.27 mL, 4.5 mmol) was used instead
of cyclobutylamine to provide C64 as a white solid
(1.0 g, 98 %). 1H NMR (500 MHz, DMSO-d 6) d 9.6 (br, 1
H), 8.16 (s, 1 H), 7.7 (s, 1 H), 7.42 (m, 1 H), 7.18
(m, 2 H), 4.97 (m, 2 H), 3.48 (m, 2 H), 1.99 (m, 2 H)1
1.32 (s, 9 H), 1.17 (m, 5 H); MS: 450.5 (MH+) ppm.
HPLC Rt: 8.0 min; HPLC purity: 100%. Step 2. Compound
47 was prepared in a manner similar to that described
for 40 in Step 4 of Example 40 except that C64 (1.0 g,
2.22 mmol) was used instead of C58 to provide47 as a
white solid (0.87 g, 93 %). 1H NMR (500 MHz1DMSO-d 6)
d 10.8 (br, 1 H)1 9.55 (m, 1 H)1 9.35 (m, 1 H)1 8.4
(s, 1 H)1 8.21 (br, 1 H), 7.81 (m, 1 H)1 7.58 (m, 1
H)1 7.43 (m, 1 H)1 5.22 (m, 2 H), 3.5 (m, 2 H)1 2.26
(m, 2 H), 1.4 (m, 2 H)1 1.17 (m, 3 H); MS: 350.5
(MH+). Example 48
2-Amino-1-[6-(4-ethylamino-5-trifluoromethyl-pyrimidin
-2-ylamino)-(1S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-ethanone (48) Compound 48
was prepared in a manner similar to that described for
43 in Step 2 of Example 43 by reacting 47 (0.15 g,
0.35 mmol) with tert-Butoxycarbonylamino-acetic acid
(0.12 g, 0.71 mmol) to provide 48 as an amber solid
(45 mg, 3 1 %). 1H NMR (500 MHz, DMSO-d 6) d 9.6 (br,
1 H)1 8.16 (s, 1 H), 7.78 (m, 1 H), 7.44 (m, 1 H), 7.2
(m, 2 H), 5.32 (m, 2 H), 3.4 (m, 2 H)1 3.32 (m, 2 H)1
3.17 (m, 2 H)1 2.06-1.94 (m, 2 H), 1.23-1.17 (m, 5 H);
MS: 407.0 (MH+) ppm. HPLC Rt: 4.7 min; HPLC purity:
100%. Example 49 N4
-Propyl-N2-{(1S,4R)-1,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-yl}-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(49) Step 1.
6-(4-Propylamino-5-trifluoromethyl-pyrimidin-2-ylamino
)-(1S,4R)-1 ,2,3,4- tetrahydro-1
^-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (C65): Compound C65 was prepared in a manner
similar to that described for C58 in Step 3 of Example
40 except that propylamine (0.2 g, 3.4 mmol) was used
instead of cyclobutyl amine to provide C65 as a white
solid (1.0 g, 2.27 mmol). 1H NMR (500 MHz, DMSO-d 6) d
9.6 (br, 1 H)1 8.15 (s, 1 H), 7.78 (s, 1 H)1 7.41 (m,
1 H)1 7.19 (m, 2 H), 4.97 (m, 2 H), 3.39 (m, 2 H),
1.98 (m, 2 H), 1.6 (m, 2 H)1 1.32 (s, 9 H), 1.17 (m, 2
H), 0.91 (m, 3 H); MS: 463.5 (MH+) ppm. HPLC Rt: 8.35
min; HPLC purity: 100%. Step 2. Compound 49 was
prepared in a manner similar to that described for 40
in Step 4 of Example 40 except that C65 (0.96 g, 2.1
mmol) was used instead of C58 to provide 49 as an
off-white solid (0.88 g, 98 %). 1H NMR (500 MHz,
DMSO-d 6) d 11.0 (br, 1 H), 9.62 (m, 1 H), 9.37 (m, 1
H)1 8.43 (s, 1 H), 8.3 (br, 1 H), 7.7 (s, 1 H)1 7.61
(m, 1 H), 7.44 (m, 1 H)1 5.2 (s, 2 H)1 3.42 (m, 2 H)1
2.28 (m, 2 H)1 1.60 (m, 2 H)1 1.4 (m, 2 H)1 0.89 (m, 3
H) ppm. MS: 364.5 (MH+). Example 50
N4-(2-Methoxy-ethyl)-N 2-[(1 S,4R)-1
,2,3,4-tetrahydro-i ,4-epiazano-naphthalen-6-yl]-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
(50) Step 1.
6-[4-(2-Methoxy-ethylamino)-5-trifluoromethyl-pyrimidi
n-2-ylamino]-(1S,4R)- 1,2,3,4-tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (C66): Compound C66 was prepared in a manner
similar to that described for C58 in Step 3 of Example
40 except that 2-methoxyethylamine (256 mg, 3.4 mmol)
was used instead ofcyclobutylamine to provide C66 as a
pale syrup (1.02 g, 94 %). 1H NMR (500 MHz, DMSOd6) d
9.6 (br, 1 H)1 8.18 (s, 1 H), 7.8 (br, 1 H), 7.37 (m,
1 H), 7.17 (m, 1 H), 7.07 (m, 1 H), 4.98 (s, 2 H), 3.6
(m, 2 H), 3.51 (m, 2 H), 3.28 (s, 3H), 1.99 (m, 2 H),
1.33 (s, 9 H), 1.19 (m, 2 H); MS: 480.5 (MH+); HPLC
Rt: 7.76 min; HPLC purity: 100%. Step 2. Compound 50
was prepared in a manner similar to that described for
40 in Step 4 of Example 40 except that C66 (1.0 g,
2.08 mmol) was used instead of C58 to provide 50 as an
off-white solid (0.88 g, 94 %). 1H NMR (500 MHz, DMSOd
6) d 10.8 (br, 1 H), 9.57 (m, 1 H), 9.36 (m, 1 H), 8.4
(s, 1 H), 8.07 (br, 1 H), 7.82 (s, 1 H), 7.56 (m, 1
H), 7.41 (m, 1 H)1 5.2 (s, 2 H), 3.62 (m, 2 H), 3.52
(m, 2 H), 3.27 (s, 3 H), 2.27 (m, 2 H), 1.4 (m, 2 H)
ppm. MS: 380.5 (MH+). Example 51 N4-Cyclobutyl-N 2-(1
R,4S)-(1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diamine dihydrochloride
salt (51) Step 1. 6-Amino-(1 R,4S)-1
,2,3,4-tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (C67): Compound C67 was prepared in a manner
similar to that described for C20 in Step 4 of Example
10 except that C42 (4.5 g, 15.5 mmol) was used instead
of C19 to provide C67 as an off-white solid (3.59 g,
89%). 1H NMR (400 MHz, DMSOd6) d 1.10 (m, 2 H), 1.29
(s, 9 H), 1.89 (m, 2 H), 4.81 (m, 2 H), 4.95 (bs, 2
H), 6.24 (m, 1 H), 6.48 (m, 1 H), 6.86 (m, 1 H) ppm.
[a] , C(0.01165) = + 5.82. Step 2.
6-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylamino)-(1R
,4S)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
tert-butyl ester (C68): Compound CQS was prepared in a
manner similar to that described for C21 in Step 5 of
Example 10 except that C67 (3.4 g, 13.1 mmol) was used
instead of C20 to provide C68 as a white solid (4.68 g
(81%). 1H NMR (400 MHz, DMSO-d 6) d 1.17 (m, 2 H),
1.30 (s, 9 H), 1.97 (m, 2 H), 5.00 (m, 2 H), 7.24 (m,
1 H), 7.40 (m, 1 H), 7.61 (bs, 1 H), 8.75 (s, 1 H),
10.6 (s, 1 H) ppm. HPLC Rt = 8.49, HPLC Purity = 100%.
[a], C(0.01015) = + 14.1. Step 3.
6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yla
mino)-(1 R,4S)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
tert-butyl ester (C69): Compound C69 was prepared in a
manner similar to that described for C45 in Step 5 of
Example 22 except that C68 (1.1 g, 2.5 mmol) was used
instead of C44 to provide C69 as a white solid (1.17
g, 98%). 1H NMR (400 MHz, DMSO-Of6) d 1.17 (m, 2 H),
1.30 (s, 9 H), 1.66 (m, 2 H), 1.97 (m, 2 H), 2.20 (m,
4 H), 4.50 (m, 1 H), 4.95 (m, 2 H), 6.99 (m, 1 H),
7.17 (m, 1 H), 7.33 (m, 1 H), 7.78 (bs, 1), 8.15 (s, 1
H)1 9.59 (bs, 1 H) ppm. HPLC Rt = 8.78, HPLC Purity =
100%. Step 4. Compound 51 was prepared in a manner
similar to that described for C46 in Step 6 of Example
22 except that C69 (938 mg, 1.98 mmol) was used
instead of C45 to provide 51 as a bone colored solid
(1.08 g, >100%). 1H NMR (400 MHz, DMSO-Qf6) d 1.38
(m,2 H), 1.66 (m, 2 H), 2.22 (m, 6 H), 4.58 (m, 1 H),
5.19 (m, 2 H), 7.05 (bs, 1), 7.39 (m, 1 H), 7.52 (m, 1
H), 7.70 (bs, 1 H)1 7.81 (s, 1 H), 8.32 (s, 1 H), 9.29
(m, 1 H), 9.42 (m, 1 H), 10.25 



(bs, 1 H) ppm. [a],C(0.0059)CH 2CI2 = - 8.3. HPLC Rt =
5.10, HPLC Purity = 100%. Example 52 N4-Cyclopropyl-N
2-(1 R,4S)-(1 ,2,3,4-tetrahydro-i
,4-epiazano-naphthalen-6-yl)-5-
trifluoromethyl-pyrimidine-2,4-diami pe
dihydrochloride (52) Compound 52 was prepared in a
manner similar to that described for C45 and C46 in
Steps 5 and 6, respectively, of Example 22 by reacting
C68 (2.0 g, 4.5 mmol) with cyclopropylamine (425mL,
6.1 mmol) followed by treatment with methanoic HCI to
provide 52 as a white solid (1.95 g, 99%). 1H NMR (400
MHz, DMSO-cfe) d 0.70 (m, 2 H), 0.79 (m, 2 H), 1.36
(m, 2 H), 2.23 (m, 2 H), 2.87 (m, 1), 5.18 (m, 2 H),
5.82 (bs, 1 H), 7.38 (m, 1 H), 7.67 (m, 1 H), 7.93
(bs, 1 H), 8.01 (m, 1 H), 8.34 (s, 1 H), 9.26 (m, 1
H), 9.42 (m, 1 H), 10.65 (bs, 1 H) ppm. HPLC Rt =
4.70, HPLC Purity = 100%. Examples 53 to 87 Examples
53 to 87 (Table 1) were prepared according to the
methods described in Example 23 or 52. Example 88
N-(2-{6-[4-(2-Methoxy-ethylamino)-5-trifluoromethyl-py
rimidin-2-ylamino]-(1R,4S)- 1,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl}-2-oxo-ethyl)-acetamide
methanesulfonic acid salt (88) A suspension of
N-acetylglycine (182 mg, 1.56 mmol) in 10 ml of CH2CI2
was treated with diisopropylcarbodiimide (eDIC)
(140mL, 0.9 mmol) under nitrogen atmosphere and the
mixture stirred for 1 hour at 25C. The resultant
suspension was treated with 57 (300 mg, 0.664 mmol)
followed by DIEA (787 mL, 4.52 mmol) stirred overnight
at 25C. The mixture was concentrated under reduced
pressure, and the resultant residue was partitioned
between 1 x 25 ml EtOAc and 3 x 20 ml 50% saturated
NaHCO3. The organic layer was dried over Na2SO4 and
concentrated under reduced pressure. The resultant
pasty solid was dissolved in 3ml isopropanol, treated
with methanesulfonic acid (43 mL, 0.664 mmol), and
concentrated. The resultant pale foam was suspended in
10 ml EtOAc and the mixture was stirred at 65C for
1hour. The resultant fine white solid was collected,
washed with Et2O, and dried. The solid was triturated
with warm EtOAc a second time to remove residual
diisopropyl urea to provide 88 as a white solid (302
mg, 79%). HPLC Rt = 4.98, HPLC Purity = 100%. MS for
C22H25F3N6O3: [M + H] = 479.2.Example 89 N - d
Cyclobutylamino-S-trifluoromethyl-pyrimidin^-ylaminoHI
R^S)-! ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-acetamide
methanesulfonic acid salt (89) Compound 89 was
prepared in a manner similar to that described for 88
in Example 88 by reacting 51 (500 mg, 1.13 mmol) and
N-acetylglycine (311 mg, 2.65 mol) to provide 89 as a
white solid (490 mg, 76%). HPLC Rt = 5.84, HPLC Purity
= 100%. MS for C23H25F3N6O2: [M + H] = 475.3. Example
90
N-{2-[6-(4-Ethylamino-5-trifluoromethyl-pyrimidin-2-yl
amino)-(1S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-N-methyl-ace
tamide hydrochloride salt (90) Step 1.
N-{2-[6-(4-Chloro-5-trifluoromethyl-pyrimidin-2-ylamin
o)-(1S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-2-oxo-ethyl}-N-methyl-ace
tamide (C70): A solution of C60 (0.37 g, 0.73) in HCI
(4.0 M in 1,4-dioxane, 5 mL) was stirred at 25C for 20
min and concentrated. The resultant white solid was
dissolved in CH2CI2 (5 mL), and treated with acetic
anyhydride (75 mg, 0.73 mmol) and DIEA (0.28 g, 2.19
mmol). After 20 min the reaction was quenched with
water, layers were separated, and the aqueous layer
extracted with EtOAc. The combined organic layers were
dried over Na2SO4 and concentrated to provide C70 (as
a white solid (0.27 g, 82 %). MS: 454.0 (MH+); HPLC
Rt: 5.84 min; HPLC purity: 100%. Step 2. Compound C70
(125 mg, 0.276 mmol) was combined with ethylamine (96
mL, 0.52 mmol) and DIEA (250 mL, 1.44 mmol) in 3 ml of
dioxane in a 15 ml screw top pressure tube under
nitrogen atmosphere. The mixture was warmed 900C,
stirred for 4 hours, and cooled to 25C. The mixture
was diluted with 10 ml CHCI3 to dissolve suspended
solids, and the solution was concentrated under
reduced pressure. The resultant residue was
chromatographed over 15 g silica gel (230-400 mesh)
eluting with 4% MeOH/CH2CI2 while collecting 9 ml
fractions. The fractions containing 90 were combined
and concentrated. The resultant white foam (132 mg)
was dissolved in 3 ml EtOAc and treated with 0.35 ml
1N HCI in Et2O. The solids were collected and dried to
provide 90 an off-white solid (110 mg, 80%). HPLC Rt =
5.46, HPLC Purity = 100%. MS for C22H25F3N6O2: [M + H]
= 463.3. Example 91
6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yla
mino)-(1S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid methyl ester
(91) Compound 91 was prepared in a manner similar to
that described for 24 in Example 24 by reacting 40
(140 mg, 0.313 mmol) and methyl chloroformate (26 mL,
0.340 mmol) toprovide 91 as a white solid (101 mg,
74%). 1H NMR (400 MHz1 DMSOd 6) d 1.18 (m, 2 H), 1.64
(m, 2 H), 2.05 (m, 2 H), 2.21 (m, 4 H), 3.49 (s, 3 H),
4.58 (m, 1 H), 5.05 (s, 2 H), 6.98 (m, 1 H), 7.18 (m,
1 H), 7.35 (m, 1 H), 7.77 (m, 1 H), 8.15 (s, 1 H),
9.57 (s, 1 H) ppm. HPLC Rt = 7.66, HPLC Purity = 100%.
Example 92
6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidin-2-yla
mino)-(1R,4S)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid methyl ester
(92) Compound 92 was prepared in a manner similar to
that described for 24 in Example 24 by reacting 51
(140 mg, 0.313 mmol) and methyl chloroformate (26 mL,
0.340 mmol) to provide 92 as a white solid (58 mg,
37%). 1H NMR (400 MHz, DMSO-O ) d 1.18 (m, 2 H), 1.64
(m, 2 H), 2.05 (m, 2 H), 2.21 (m, 4 H), 3.49 (s, 3 H),
4.58 (m, 1 H), 5.05 (s, 2 H), 6.98 (m, 1 H), 7.18 (m,
1 H), 7.35 (m, 1 H), 7.77 (m, 1 H), 8.15 (s, 1 H),
9.57 (s, 1 H) ppm. HPLC Rt = 7.66, HPLC Purity = 100%.
Example 93 N4-Cyclobutyl-N 2-(9-methanesulfonyl-(1
S,4R)-1 ,2,3,4-tetrahydro-1 ,4-epiazanonaphthalen-
6-yl)-5-trifluoromethyl-pyrimidine-2,4-diamine (93)
Compound 93 was prepared in a manner similar to that
described for 22 in Example 22 by reacting 40 (140 mg,
0.313 mmol) and methanesulfonyl chloride (26 mL, 0.340
mmol) to provide 93 as a white solid (61 mg, 43%). 1H
NMR (400 MHz, DMSO-Qf6) d 1.26 (m, 2 H), 1.65 (m, 2
H), 2.22 (m, 6 H), 2.26 (s, 3 H), 4.58 (m, 1 H), 5.01
(S, 2 H), 7.01 (m, 1 H), 7.23 (m, 1 H), 7.38 (m, 1 H)1
7.84 (m, 1 H), 8.16 (s, 1 H), 9.64 (bs, 1 H) ppm. HPLC
Rt = 7.11, HPLC Purity = 100%. Example 94
N4-Cyclobutyl-N 2-(9-methanesulfonyl-(1 R,4S)-1
,2,3,4-tetrahydro-1 ,4-epiazanonaphthalen-
6-yl)-5-trifluoromethyl-pyrimidine-2,4-diamine (94)
Compound 94 was prepared in a manner similar to that
described for 22 in Example 22 by reacting 51 (140 mg,
0.313 mmol) and methanesulfonyl chloride (26 mL, 0.340
mmol) to provide 94 as a white solid (61 mg, 43%). 1H
NMR (400 MHz, DMSO-d 6) d 1.26 (m, 2 H), 1.65 (m, 2
H), 2.22 (m, 6 H), 2.26 (s, 3 H), 4.58 (m, 1 H), 5.01
(S, 2 H), 7.01 (m, 1 H), 7.23 (m, 1 H), 7.38 (m, 1 H),
7.84 (m, 1 H), 8.16 (s, 1 H), 9.64 (bs, 1 H) ppm. HPLC
Rt = 7.11, HPLC Purity = 100%. Example 95
(+/-)-1-[6-(4-lsopropylamino-5-trifluoromethyl-pyrimid
in-2-ylamino)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-ethanone (95) Step 1.
6-Nitro-1,2,3,4-tetrahydro-1,4-epiazano-naphthalene
hydrochloride (C71): A solution of C40 (3.67 g, 12.6
mmol) in HCI (1.25 M in MeOH, 10 mL) was heated to
5O0C for30 min and concentrated to provide C71 as a
pink solid (2.84 g, 100%). 1H NMR (400 MHz, DMSO-de) d
9.89-9.71 (br, 2 H), 8.31 (d, J = 2.07 Hz, 1 H), 8.22
(dd, J = 2.07, 8.31 Hz, 1 H), 7.71 (d, J = 8.3 Hz, 1
H), 5.34 (t, J = 3 Hz, 2 H), 2.35-2.24 (m, 2 H),
1.46-1.33 (m, 2 H); 13C NMR(100 MHz, DMSO-cfe) d
148.0, 147.8, 142.6, 124.8, 123.0, 117.3, 60.7, 23.9
ppm. Step 2.
(+/-)-1-(6-Nitro-1,2,3,4-tetrahydro-1,4-epiazano-napht
halen-9-yl)-ethanone (C72): Acetic anhydride (2.1 g,
20.5 mmol) was added to a solution of C71 (3.0 g, 15.8
mmol) in EtOAc (30 mL). After 30 min the white
precipitate formed. The solids were isolated by
flirtation to provide C72 as a white solid (3.3 g,
90%). 1H NMR (500 MHz, DMSO-cfe) d 8.21 (d, J = 6.5
Hz, 1 H), 8.11 (d, J = 7.7 Hz, 1 H), 7.61-7.58 (m, 1
H), d 5.54-5.51 (m, 2 H), 2.17- 2.12 (m, 1 H),
2.03-1.96 (m, 1 H), 1.93 (s, 3 H), 1.35-1.18 (m, 2 H)
ppm. HPLC Rt: 4.58 min; HPLC purity: 100%. MS: 232.3
(MH-) ppm. Step 3. (+/-)-1 -(6-Amino-1
,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl)-ethanone (C73): A
suspension of C72 (3.3 g, 14.2 mmol) in EtOH (100 mL)
was shaken over 10 



%Pd/C (0.33 g) with hydrogen at 45 psi and at about
25C. After 2 hours the mixture was filtered thru
diatomaceous earth, and the filtrate was concentrated
to provide C73 as a white solid (2.83 g, 97%). 1H NMR
(500 MHz, DMSO-Cf6) d 6.90 (d, J = 7.7 Hz, 1 H), 6.53
(br, 1 H), 6.28 (d, J = 7.3 Hz, 1 H), 5.75-5.10 (m, 2
H), 4.97 (br, 2 H), 1.99-1.95 (m, 2 H), 1.87 (s, 3 H),
1.23-1.18 (m, 1 H), 1.13-1.10 (m, 1 H); HPLC Rt: 3.0
min; HPLC purity: 100%. MS: 203.2 (MH+) ppm. Step 4.
(+/-)-1-[6-(4-Chloro-5-trifluoromethyl-pyrimidin-2-yla
mino)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-ethanone (C74): ZnCI2
(LO M in Et2O, 30.3 mL, 30.3 mmol) was added drop-wise
to a solution of
2,4-dichloro-5-(trifluoromethyl)pyrimidine (5.5g, 25.2
mmol) in f-BuOH/DCE ( 1 :1 (vokvol), 200 mL) at O0C.
After 1 hour C73 ( 1.5 g, 5.76 mmol) was added
followed by drop-wise addition of TEA (27.7 mmol, 3.8
mL). After 2 hours the mixture was concentrated under
reduced pressure, and the resultant residue was
partitioned between EtOAc and water. The layers were
separated and the organic layer was washed with water.
The organic layer was then dried over Na2SO4 and
concentrated under reduced pressure. The resultant
residue was crystallized from EtOAc/hexanes to provide
C74 as a white solid (6.15 g, 64%). The regiochemistry
was confirmed by x-ray crystallography. 1H NMR (500
MHz, DMSO-d6) d 10.6 (d, J = 10.3 Hz, 1 H), 8.78 (s, 1
H), 7.68-7.65 (br, 1 H), 7.44-7.41 (m, 1 H), 7.9 (d, J
= 8.3 Hz, 1 H)1 5.37-5.31 (m, 2 H), 2.1-2.05 (m, 1 H),
1.98-1.93 (m, 1 H), 1.9 (d, J = 3.6 Hz, 3 H), 1.3-1.21
(m, 1 H), 1.20-1.15 (m, 1 H) ppm. HPLC Rt: 6.4 min;
HPLC purity: 100%. MS: 383.4 (MH+). Step 5. A solution
of C74 (0.15 g, 0.39 mmol), isopropyl amine (28 mg,
0.47 mmol) and DIEA (0.1 g, 0.78 mmol) in 1,4-dioxane
(2 mL) was heated to 90 0C for 1 hour. The reaction
mixture was then concentrated under reduced pressure.
The resultant residue was partitioned between EtOAc
and H2O and the layers were separated. The organic
layer waswashed with H2O, dried over Na2SO , and
concentrated under reduced pressure. The resultant
residue was crystallized from EtOAc to provide 95 as a
white solid (90 mg, 56%). 1H NMR (500 MHz, DMSO-d 6) d
9.58 (br, 1 H), 8.17 (s, 1 H), 7.74 (d, J = 6 Hz, 1
H), 7.26 (d, J = 8 Hz, 1 H), 7.2 (d, J = 8 Hz, 1 H),
6.46 (d, J = 8 Hz, 1 H), 5.30-5.26 (m, 2 H), 4.46-4.43
(m, 1 H), 2.08-2.03 (m, 1 H), 1.96-1.92 (m, 1 H), 1.9
(s, 3 H), 1.29-1.14 (m, 8 H) ppm. HPLC Rt: 6.55 min;
HPLC purity: 100%. MS: 406.3 (MH+). Example 96
(+/-)-6-[4-(1-Ethylcarbamoyl-azetidin-3-ylamino)-5-tri
fluoromethyl-pyrimidin-2-ylamino] -
1,2,3,4-tetrahydro-i
,4-epiazano-naphthalene-9-carboxylic acid ethylamide
(96) Step 1.
(+/-)-3-[2-(9-Acetyl-1,2,3,4-tetrahydro-1,4-epiazano-n
aphthalen-6-ylamino)-5-
trifluoromethyl-pyrimidin-4-ylamino]-azetidine-1-carbo
xylic acid tert-butyl ester (C88): A solution of C74
(2.47 g, 6.81 mmol) and 1,4-dioxane (15 mL) was
treated with DIEA (2.36 mL, 13.62 mmol) followed by
addition of 3-Amino-azetidine-1-carboxylic acid
tert-butyl ester (1.4 g, 8.18 mmol). The mixture was
heated to 900C and stirred for 12 hours. The mixture
was diluted with EtOAc (25 mL) and H2O (25 ml) to form
a biphasic mixture. The organic phase was collected,
dried over Na2SO4, and concentrated under reduced
pressure. The resultant yellow residue was purified on
silica gel (60% EtOAc/Hexanes) to provide C88 as a
white solid (3.Og, 85%). 1H NMR (400 MHz, DMSO-D6) d
ppm 1.2 (m, 2 H) 1.3 (s, 9 H) 1.9 (m, 4 H) 2.0 (m, 1
H) 3.9 (m, 2 H) 4.0 (d, J=17.0 Hz, 2 H) 4.7 (d, J=5.8
Hz, 1 H) 5.3 (m, 2 H) 7.2 (d, J=7.5 Hz, 1 H) 7.3 (m, 1
H) 7.4 (d, J=5.4 Hz, 1 H) 7.7 (s, 1 H) 8.2 (s, 1 H)
9.6 (s, 1 H) ppm. HPLC Rt = 6.55 minutes. LC/MS
(Method F) m/z 519 (MH+). Step 2.
(+/-)-N4-Azetidin-3-yl-N2-(1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-yl)-
5-trifluoromethyl-pyrimidine-2,4-diamine
dihydrochloride (C89): Compound C88 (2.72 g, 5.25
mmol) and 3N HCI in MeOH (15 mL) were combined, and
the mixture refluxed 12 hours. The mixture was
concentrated under reduced pressure and dried under
vacuum to provide C89 as a white solid (2.33 g, 99%).
HPLC Rt = 2.92 minutes. LC/MS (Method F) m/z 377
(MH+). Step 3. C89 (125 mg, 254 mMol) and 1,4-dioxane
( 1 mL) were combined, and the mixture was treated
with ethyl isocyanate (36 mg, 508 mMol) and DIEA (176
mL, 1.01 mmol). The mixture was stirred at 250C for 15
hours, diluted with EtOAc (4 mL), and partitioned with
H2O (3x4 mL). The organic phase was collected, dried
over Na2SO4, and concentrated. The resultant residue
was purified on silica gel (5% CH3OH/CH2CI2) to
provide 96 as a yellow solid (35 mg, 26% yield). HPLC
Rt = 4.92 minutes. LC/MS (Method F) m/z 519 (MH+).
Example 97
(+/-)-3-[2-(9-Acetyl-1,2,3,4-tetrahydro-1,4-epiazano-n
aphthalen-6-ylamino)-5-trifluoro
methyl-pyrimidin-4-ylamino]-azetidine-1-carboxylic
acid isopropyl-amide (97)Step 1.
1-{6-[4-(Azetidin-3-yiamino)-5-trifluoromethyl-pyrimid
in-2-ylamino]-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl}-ethanone trifluoroacetate
salt (C90): Compound C74 (1.5 g, 2.89 mmol) and 15 mL
of 20% TFA in CHCI3 were reacted for 15 hours at about
250C and concentrated to provide C90 as a viscous
brown oil ( 1 .5 g, 98% yield). 1H NMR (400 MHz,
DMSO-D6) d 1.2 (m, 2 H) 1.9 (m, 4 H) 2.0 (m, 1 H) 3.9
(m, 2 H) 4.0 (d, J=1 7.0 Hz, 2 H) 4.7 (d, J=5.8 Hz, 1
H) 5.3 (m, 2 H) 7.2 (d, J=7.5 Hz, 1 H) 7.3 (m, 1 H)
7.4 (d, J=5.4 Hz, 1 H) 7.7 (s, 1 H) 8.2 (s, 1 H) 9.6
(s, 1 H) ppm. HPLC Rt 3.9 minutes. LC/MS (Method F)
m/z 419 (MH+) . Step 2. A mixture of C90 (208 mg, 400
mmol), 1,4-dioxane (1 mL), DIEA (140 mL, 800 mmol) and
isopropyl isocyanate (60mg) was stirred at 250C for 2
hours. The mixture was diluted with 4 mL EtOAc and
washed with saturated NaHCO3 (2x4mL) and brine (2 x 4
mL ). The organic phase was collected, dried over
Na2SO4, and concentrated to provide 97 as an off-white
solid (50mg, 25% yield). LC/MS (Method F) Rt = 2.0
minutes. LC/MS (Method F) m/z 504.3 (MH+). Example 98
(+/-)-3-[2-(9-Acetyl-1,2,3,4-tetrahydro-1,4-epiazano-n
aphthalen-6-ylamino)-5-
trifluoromethyl-pyrimidin-4-ylamino]-azetidine-1-carbo
xylic acid ethyl ester (98) Compound 98 was prepared
in a manner similar to that described for 97 in Step 2
of Example 97 by reacting C90 (208 mg, 400 mmol)
1,4-dioxane ( 1 mL), DIEA (140 mL, 800 mmol) and ethyl
chloroformate (28 mL, 800 mmol) to provide 98 as an
off-white solid (50mg, 25% yield). HPLC Rt = 5.78
minutes. LC/MS (Method F) m/z 491.3 (MH+). Example 99
(+/-)-1-[6-(4-Cyclobutyloxy-5-trifluoromethyl-pyrimidi
n-2-ylamino)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-ethanone (99) Compound
C74 (125 mg, 326 mmoi) was treated with DIEA (113mL,
652 mmol) and cyclobutanol (47 mg, 652 mmol) and the
neat mixture heated to 130C for 16 hours. The mixture
was cooled to 250C, diluted with EtOAc (5 mL), and
washed with H2O (2 x 5mL). The organic phase was dried
over Na2SO4 and purified on silica gel (30%
EtOAc/Hexanes) to provide 99 as a tan solid (38 mg, 28
% yield). HPLC Rt 7.1 minutes. LC/MS (Method F) m/z
419.2 (MH+) . Example 100
(-)-(4-Ethylsulfanyl-5-trifluoromethyl-pyrimidin-2-yl)
-(1 S,4R)-(1 ,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-6-yl)-amine hydrochloride salt
(100) Step 1.
(-)-6-(4-Ethylsulfanyl-5-trifluoromethyl-pyrimidin-2-y
lamino)-(1 S,4R)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalene-9-carboxylic acid
tert-butyl ester (C91): A flame dried sealed pressure
tube was charged with 1,4-dioxane (5 mL) and C57 (700
mg, 1.59 mmol).The mixture was then treated with
ethanethiol (118 mg, 1.9 mmol) followed by addition of
a 60% sodium hydride dispersion in mineral oil (82 mg,
2.06 mmol). The mixture was then stirred at 500C for
1.5 hours, diluted with EtOAc (10 mL), and washed with
saturated NH4CI (2x10 mL) and brine (2 x10 mL). The
organic phase was collected, dried over Na2SO4, and
concentrated. The resultant residue was purified on
silica gel (20% EtOAc/Hexanes) to provide C91 as a
white solid (730 mg, 98% yield). 1H NMR (400 MHz,
DMSO-D6) 1.2 (m, 3 H) 1.27 (m, 2H) 1.3 (m, 9 H) 2.0
(d, J=7.5 Hz, 2 H) 3.2 (q, J=7.1 Hz, 2 H) 5.0 (s, 2 H)
7.2 (d, J=7.9 Hz, 1 H) 7.3 (d, J=7.5 Hz, 1 H) 7.7 (s,
1 H) 8.4 (s, 1 H) 10.1 (s, 1 H) ppm. HPLC Rt = 9.0
minutes; LC/MS (Method F) m/z 467.3 (MH+). Step 2. A
mixture of C91 (730 mg, 1.56 mmol) and 4N HCI in
1,4-dioxane was stirred at 250C for 1 hour during
which time a yellow precipitate. The solids were
collected by filtration, washed with 1,4-dioxane, and
dried under reduced pressure to provide 100 as a
yellow solid (554 mg, 95%). 1H NMR (400 MHz, DMSO-D6)
1.3 (t, J=7.3 Hz, 3 H) 1.4 (d, J=9.6 Hz, 2 H) 2.2 (d,
J=9.1 Hz, 2 H) 3.2 (q, J=7.3 Hz, 2 H) 5.2 (d, J=14.1
Hz, 2 H) 7.4 (d, J=7.9 Hz, 1 H) 7.5 (d, J=7.9 Hz, 1 H)
7.8 (s, 1 H) 8.5 (s, 1 H) 9.3 (s, 1 H) 9.4 (s, 1 H)
10.3 (s, 1 H) ppm. HPLC Rt = 6.6 minutes. LC/MS
(Method F) m/z 367.3 (MH+) . Example 101 (-)-1
-[6-(4-Ethylsulfanyl-5-trifluoromethyl-pyrimidin-2-yla
mino)-(1 S,4R)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-ethanone (101) A
suspension of 100 (250 mg, 620 mmol) and CH2CI2 (5 mL)
was treated with DIEA (270 mL, 1.55 mmol) followed by
addition of acetic anhydride (126 mL, 1.24 mmol). The 



mixture was stirred at 25C for 1 hour and concentrated
under reduced pressure. The resultant residue was
purified on silica gel (20% EtOAc/Hexanes) to provide
101 as a white solid (110 mg, 43% yield). HPLC Rt =
7.0 minutes. LC/MS (Method F) m/z 409.3 (MH+). Example
102 /^-((1 R,2R)-2-Dimethylamino-cyclopentyl)- L/2
-[(1 R,4S)1 ,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-6-yl]-5-trifluoromethyl-pyrimidine
-2,4-diamine (102) Step 1. ( 1R,4S)-6-[4-((1
R,2R)-2-Dimethylamino-cyclopentylamino)-5-trifluoromet
hylpyrimidin- 2-ylamino]-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (C92): Compound C68 (1.83 g, 4.15 mmol) was
added to a suspension of C93 (918 mg, 4.56 mmol) and
Na2CO3 (2.20 g, 20.74 mmol) in
1-Methyl-2-pyrrolidinone (30 ml, anhydrous). The
mixture was stirred at 70C for 16 hours, cooled, and
poured into ice water (150 mL). The precipitate was
removed by filtration, washed with water, and air
dried. The resultant white solid was purified by flash
column chromatography (eluted with CHCI3ZMeOHZNH4OH,
90:9:1) to provide C92 as a foamy white solid (1.9 g,
86%). LC/MS (Method F) Rt 1.8 min, HPLC purity (254
nM, >95%) M+H = 533.5.Step 2. HCI(g) was bubbled
through EtOAc (10 ml.) until fuming was noted. The
resultant solution was added to a solution of C92 (1.9
g, 3.57 mmol) in EtOH (10 ml, absolute) and the
mixture stirred at 25C for about 14 hours. The mixture
was concentrated under reduced pressure to provide 102
as an off-white solid ( 1 .67 g, 3.30 mmol). LC/MS
(Method F) Rt 1.0 min HPLC purity (254 nm, 90%). M+H=
433.5. Example 103
1-{6-[4-((1R,2R)-2-Dimethylamino-cyclopentylamino)-5-t
rifluoromethyl-pyrimidin-2- ylamino]-(1 R,4S)-1
,2,3,4-tetrahydro-i
,4-epiazano-naphthalen-9-yl}-ethanone dihydrochloride
salt (103) A suspension of compound 102 (1.67 g, 3.30
mmol) in CH2CI2 (30 mL) was treated with TEA (2.30 mL,
16.52 mmol) and acetic anhydride and stirred at 25C
for 1 hour. The mixture was diluted with CH2CI2 and
washed with H2O, NaHCO3 (sat. aq.), and brine. The
organic layer was collected, dried over Na2SO4, and
concentrated to provide a foam. 1H NMR (400 mHz,
CD3OD) d 1.29-1.49, 1.5-1.8, 1.95-2.3, 2.0, 2.25,
2.65-2.9, 4.6-4.7, 5.3-5.35, 5.45-5.50, 7.21-7.26,
7.31-7.37, 7.69-7.73, 8.1 LC/MS (Method F) Rt 2.2 min
HPLC Purity (254 nm, >95%) M+H = 475.4. The foam was
converted to the dihydrochloride salt by method
described in Step 2 of Example 2 to provide 103 as a
white powder ( 1 .7 g, 94%). LC/MS (Method F) Rt 1.5
min, HPLC purity >90%, M+H = 475.3. Example 104 / 4 (I
R,2R)-2-Dimethylamino-cyclopentyl)- L/2 -(1
,2,3,4-tetrahydro-1 ,4-epiazanonaphthalen-
6-yl)-5-trifluoromethyl-pyrimidine-2,4-diamine (104)
Step 1. 6-[4-((1
R,2R)-2-Dimethylamino-cyclopentylamino)-5-trifluoromet
hylpyrimidin- 2-ylamino]-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid ferf-butyl
ester (C94): Compound C94 was prepared in a manner
similar to that described for C92 in Step 1 of Example
102 by reacting C44 (200 mg, 0.45 mmol) and
(1R,2R)-N,N-Dimethylcyclopentane- 1,2-diamine (63 mg,
0.49 mmol) to provide C94 as a mixture of
diastereomers in the form of a tan solid (193 mg, 80
%). LC/MS (Method F) Rt 2.17 min HPLC Purity (254 nm,
>90%) M+H = 533.3. Step 2. Compound 104 was prepared
in a manner similar to that described for 102 in Step
2 of Example 102 except that C94 (90 mg, 1.69 mmol)
was used instead of C92. Purification by preparative
HPLC provided 104 as a mixture of diastereomers in the
form of a white solid (55 mg, 75 % yield). LC/MS
(Method F) Rt 1.2 min HPLC purity (254 nm, >95%). M+H
= 433.3. Example 105
1-{6-[4-((1R,2R)-2-Dimethylamino-cyclopentylamino)-5-t
rifluoromethyl-pyrimidin-2- ylamino]-1
,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl}-ethanone (105)Compound
105 was prepared in a manner similar to that described
for 103 in Example 103 except that 104 (50 mg, 0.12
mmol) was used instead of 102. Purification by flash
chromatography (Biotage) eluting with
CH2CI2/MeOH/NH4OH provided 105 as a mixture of
diastereomers in the form of a clear glass (25 mg, 44
% yield). 1H NMR (400 mHz, CD3OD) 1.2-1.5, 1.5-1.8,
2.0-2.2, 2.0, 2.25, 2.8-2.9, 4.6-4.7, 5.3-5.4,
5.4-5.5, 7.2, 7.3-7.4, 7.7, 8.1 , LC/MS (Method F) Rt
1.1min HPLC purity (254 nm, >95%). M+H = 475.3.
Example 106 //-((IR^R^-Dimethylamino-cyclopentyO- L/
-methanesulfonyl-I^.S^-tetrahydro-
1,4-epiazano-naphthalen-6-yl)-5-trifluoromethyl-pyrimi
dine-2,4-diamine (106) A solution of 104 (50 mg, 0.12
mmol) in DMF ( 1 ml.) was treated with TEA (64 ml_,
0.14 mmol) and methanesulfonyl chloride (11 ml_, 0.14
mmol) and stirred at 25C for 3 hours. The mixture was
poured into H2O and extracted with EtOAc. The combined
organic layers were washed with water and brine, dried
over Na2SO4, and concentrated under reduced pressure.
The resultant residue was purified via flash column
chromatography (Biotage) to provide 106 as a mixture
of diastereomers in the form of a clear glass (25 mg,
44 %.yield). LC/MS (Method F) Rt 1.6 min HPLC Purity
(254 nm, >95%). M+H =51 1.2. Example 107 /^-((1
R,2R)-2-Dimethylamino-cyclopentyl)- L/2-(1 S,4R)-1
,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-6-yl-5-trifluoromethyl-pyrimidine-
2,4-diamine (107) Step 1.
(1S,4R)-6-[4-((1R,2R)-2-Dimethylamino-cyclopentylamino
)-5-trifluoromethylpyrimidin- 2-ylamino]-1
,2,3,4-tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (C95): Compound C95 was prepared in a manner
similar to that described for C92 in Step 1 of Example
102 except that C57 (200 mg, 0.45 mmol) was used
instead of C68 to provide C95 as a mixture of
diastereomers in the form of a tan solid (126 mg, 52.5
%). LC/MS (Method F) Rt 1.8 min, HPLC Purity (254 nm,
>90%). M+H= 533.3. Step 2. Compound 107 was prepared
in a manner similar to that described for 102 in Step
2 of Example 102 except that C95 (126 mg, 0.236 mmol)
was used instead of C92 to provide 107 as a mixture of
diastereomers in the form of a white solid (125 mg,
>100 %). LC/MS (Method F) Rt < 0.9, M+H=433.3. Example
108
1-{(1S,4R)-6-[4-((1R,2R)-2-Dimethylamino-cyclopentylam
ino)-5-trifluoromethylpyrimidin-
2-ylamino]-1,2,3,4-tetrahydro-1,4-epiazano-naphthalen-
9-yl}-ethanone dihydrochloride salt (108) Compound 108
was prepared in a manner similar to that described for
103 in Example 103 except that 107 (125 mg, 0.288
mmol) was used instead of 102. Purification by flash
chromatography (Biotage) eluting with
CH2CI2/MeOH/NH4OH provided an off-whitefoam. The foam
was converted to the dihydrochloride salt by the
method described in Step 2 of Example 102 to provide
108 as a white solid (121 mg, 77 %). 1H NMR (400 mHz,
dmsod6) 1.1-1.3, 1.5-1.8, 1.8-2.2, 2.6-2.8, 3.8-4.0,
4.6-4.8, 5.3-5.4, 7.2-7.4, 7.6, 7.8, 8.3 ppm. LC/MS
(Method F) Rt 1.5 min, HPLC purity (254 nm, >95%). M+H
= 475.2. Example 109 L/-{(1 R,2R)-2-[2-(1
,2,3,4-Tetrahydro-1
,4-epiazano-naphthalen-6-ylamino)-5-
trifluoromethyl-pyrimidin^-ylaminol-cyclopentylj-aceta
mide (109) Step 1.
((1R,2R)-2-Amino-cyclopentyl)-carbamic acid benzyl
ester (C96): Compound C96 was prepared in a manner
similar to that described for 103 in Example 103,
except that
((1R,2R)-2-Benzyloxycarbonylamino-cyclopentyl)-carbami
c acid terf-butyl ester (100 mg, 0.299 mmol) was used
instead of 102 to provide C96 as a white solid (92 mg,
100 %). Step 2.
((1R,2R)-2-Acetylamino-cyclopentyl)-carbamic acid
benzyl ester (C97): Compound C97 was prepared in a
manner similar to that described for 103 in Example
103, except that C96 (92 mg, 0.299 mmol) was used
instead of 102 to provide C97 as a white solid (82 mg,
100 %). LC/MS (Method F) Rt 1.8 min HPLC purity (254
nm, >95%). M+H = 277.3. Step 3.
L/-((1R,2R)-2-Amino-cyclopentyl)-acetamide (C98): A
mixture of C97 (82 mg, 0.3 mmol), MeOH and palladium
on Carbon (10%, catalytic) was shaken on Parr (r)
shaker at 45 psi H2 for 16 hours at about 25C. The
mixture was filtered through celite and the solids
washed with copious amounts of MeOH. The combined
filtrates were concentrated under reduced pressure to
provide C98 as an off-white solid (40 mg, 94 %). Step
4. 6-[4-((1 R^R^-Acetylamino-cyclopentylaminoJ-
-trifluoromethyl-pyrimidin^-
ylamino]-1,2,3,4-tetrahydro-1,4-epiazano-naphthalene-9
-carboxylic acid tert-butyl ester (C99): Compound C99
was prepared in a manner similar to that described for
102 in Step 2 of Example 102 except that C44 (144 mg,
0.321 mmol) was used instead of C92 to provide C99 as
a mixture of diastereomers in the form of a tan solid
(55 mg, 36 %). LC/MS (Method F) Rt 2.6 min HPLC purity
(254 nm, >95%) M+H=547.3. Step 5. Compound 109 was
prepared in a manner similar to that described for 102
in Step 2 of Example 102 by cleaving C99 (55 mg, 0.100
mmol) with HCI to provide 109 as a 



mixture of diastereomers in the form of a white solid
(50 mg, 96 %). LC/MS (Method F) Rt 1.0 min, HPLC
purity (254 nm, >95%). M+H = 447.3. Example 110 L/-{(1
R,2R)-2-[2-(9-Acetyl-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-ylamino)-5-
trifluoromethyl-pyrimidin^-ylaminoj-cyclopentylj-aceta
mide (110) Compound 110 was prepared in a manner
similar to that described for 103 in Example 103,
except that 109 (50 mg, 0.096 mmol) was used instead
of 102 to provide 110as a mixture of diastereomers in
the form of a white solid (37 mg, 78 %). LC/MS (Method
F) Rt 1.8 min, HPLC Purity (254 nm, >93%). M+H =
489.4. Example 111 L/-{(1 R,2R)-2-[2-(1
,2,3,4-Tetrahydro-1
,4-epiazano-naphthalen-6-ylamino)-5-
trifluoromethyl-pyrimidin^-ylami
pol-cyclohexylj-acetamide (111) Step 1.
L/-((1R,2R)-2-Amino-cyclohexyl)-acetamide (C100): A
solution of (1R, 2R)- 1,2-Cyclohexanediamine (10.0 g,
87.9 mmol) and ethyl acetimidate (11.0 g, 88.8 mmol)
in EtOH (350 ml_) was refluxed for 18 hour under a dry
nitrogen atmosphere. The reaction mixture was cooled
to 25C and concentrated. The resultant white solid was
dissolved in 1:1 (vokvol) mixture of EtOH/H2O,
buffered to pH=7, and refluxed for 2 days. The mixture
was cooled to about 25C, and 12 N HCI was added with
cooling and stirring. The resultant viscous oil was
re-dissolved in 50 mL of MeOH and stirred at about 25C
for 1 hours. The resultant mixture was filtered and
concentrated. The resultant foamy solid was triturated
with Et2O overnight. The resulting solids were
collected by filtration, washed with Et2O (3 X 50 mL),
and dried under reduced pressure to provide C100 as a
solid having a purity of about 80%. (17.2 g). Compound
C100 was used without further purification LC/MS
(Method F) Rt 0.3 min, M+H =157.1, M(calc) 156.13.
Step 2. 6-[4-((1 R^R^-Acetylamino-cyclohexylaminoJ-
-trifluoromethyl-pyrimidin^-
ylamino]-1,2,3,4-tetrahydro-1,4-epiazano-naphthalene-9
-carboxylic acid fe/t-butyl ester (C101): Compound
C101 was prepared in a manner similar to that
described for C92 in Step 1 of Example 102 by reacting
C44 (100 mg, 0.223 mmol) and C100 (49 mg, 0.250 mmol)
to provide C101 as a mixture of diastereomers in the
form of a white solid (91 mg, 0.163 %). LC/MS (Method
F) Rt 2.8 min, HPLC purity (254 nm, >85%). M+H =
561.4. Step 3. Compound 111 was prepared in a manner
similar to that described for 102 in Step 2 of Example
102 except that C101 (91 mg, 73 mmol) was used instead
of C92 to provide 111 as a mixture of diastereomers in
the form of a yellow solid (92 mg, 100 %). LC/MS
(Method F) Rt 1.2 min, HPLC purity (254 nm, >95%),
M+H= 461 .3. Example 112 //-((1
R,2R)-2-Dimethylamino-cyclopentyi)- L/2 -(9-methyl-1
,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-6-yl)-5-trifluoromethyl-pyrimidine
-2,4-diamine (112) A solution of 111 (38 mg, 0.08
mmol) and MP-Carbonate (xs) (polymer-supported
carbonate) in MeOH (2 mL, anhydrous) was stirred at
25C for 2 hours. The resultant mixture was filtered
and the solids washed with MeOH. The combined
filtrates were added to paraformaldehyde (7 mg, 0.08
mmol), and the resultant solution stirred at 250C for
3 hours. The solution was treated with NaBH4 (9 mg,
0.23 mmol), stirred at about 250C for 16 hours, and
concentrated under reduced pressure The resultant
residue was purified via flashchromatography (eluted
with CH2CI2/MeOH/NH 4OH) to provide 112 as a mixture
of diastereomers in the form of a white solid (6 mg,
17%). LC/MS (Method F) Rt 1.0 min, HPLC Purity (254
nm, >95%). M+H = 447.4. Example 113 L/-{(1
R,2R)-2-[2-(9-Methanesulfonyl-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-6-
ylamino)-5-trifluoromethyl-pyrimidin-4-ylamino]-cyclop
entyl}-acetamide (113) Compound 113 was prepared in a
manner similar to that described for 106 in Example
106 except that 111 (30 mg, 0.056 mmol) was used
instead of 104 to provide 113 as a mixture of
diastereomers in the form of a white solid (21 mg, 7 1
%). LCZMS (Method F) Rt 2.0 min, HPLC purity (254 nm,
92%). M+H = 525.3. Example 114
6-[4-(1,3-Dihydro-pyrrolo[3,4-c]pyridin-2-yl)-5-triflu
oromethyl-pyrimidin-2-ylamino]- 1,2,3,4-tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester (114) Step 1. 6-[4-(1
,3-Dihydro-pyrrolo[3,4-c]pyridin-2-yl)-5-trifluorometh
yl-pyrimidin-2-
ylamino]-1,2,3,4-tetrahydro-1,4-epiazano-naphthalene-9
-carboxylic acid tert-butyl ester (C103): Compound
C103 was prepared in a manner similar to that
described for C92 in Step 1 of Example 102 by reacting
C44 (105 mg, 0.234 mol) and ( 1 R,2R)-L/
,N-Dimethylcyclopentane- 1,2-diamine (C102) (see U.S.
Patent No. 5,371,090) (28 g, 0.234) to provide C103 as
a white solid (108 mg, 88 %). LC/MS (Method F) Rt 2.8
min, HPLC Purity (254 nm, 84%). M+H = 525.4. Step 2.
Compound 114 was prepared in a manner similar to that
described for C92 in Step 1 of Example 102, except
that C103 (108 mg, 0.206 mmol) was used instead of C68
to provide to provide 114 as a white solid (105 mg, 96
%). LCZMS (Method F) Rt 1.8 min (polar method) HPLC
Purity (254 nm,95%). M+H = 425.3. Example 115
1-{6-[4-(1,3-Dihydro-pyrrolo[3,4-c]pyridin-2-yl)-5-tri
fluoromethyl-pyrimidin-2-ylamino]-
1,2,3,4-tetrahydro-1
,4-epiazano-naphthalen-9-yl}-ethanone (115) Compound
115 was prepared in a manner similar to that described
for 103 in Example 103, except that 114 (105 mg, 0.196
mmol) was used instead of 102 to provide 115 as a
white solid (65 mg, 7 1 %). LCZMS (Method F) Rt 1.9
min, HPLC purity (254 nm, >95%). M+H=467.3. Example
116 N4-( ( 1R,2R)-2-Morpholin-4-yl-cyclopentyl)-/V 2
-(1 ,2,3,4-tetrahydro-1 ,4-epiazanonaphthalen-
6-yl)-5-trifluoromethyl-pyrimidine-2,4-diamine (116)
Step 1. 6-[4-((1
R,2)-2Morpholin-4-yl-cyclopentylamino)-5-trifluorometh
yl-pyrimidin- 2-ylamino]-1 ,2,3,4-tetrahydro-1
,4-epiazano-naphthalene-9-carboxylic acid tert-butyl
ester(C104): Compound C104 was prepared in a manner
similar to that described for C92 in Step 1 of Example
102, except that 2-Morpholin-4-yl-cyclopentylamine (38
mg, 0.223 mmol) was used instead of C68 to react with
C44 (100 mg, 0.223 mmol) to provide to provide C104 as
a mixture of diastereomers in the form of a white
solid (130 mg, 100 %). LC/MS (Method F) Rt 1.9 min,
HPLC purity (254 nm, >95%). M+H = 575.5. Step 2.
Compound 116 was prepared in a manner similar to that
described for 102 in Step 2 of Example 102, except
that C104 (130 mg, 0.223 mmol) was used instead of C92
to provide to provide 116 as a mixture of
diastereomers in the form of a white solid (13 mg, 10
%). LC/MS (Method F) Rt 0.8 min, HPLC purity (254 nm,
>95%). M+H=475.3. Example 117
1-[6-(4-Ethylamino-5-methyl-pyrimidin-2-ylamino)-(1S,4
R)-1,2,3,4-tetrahydro-1,4-
epiazano-naphthalen-9-yl]-ethanone (117) Step 1.
6-Nitro-(1S,4R)-1,2,3,4-tetrahydro-1,4-epiazano-naphth
alene hydrochloride (C105): A mixture of C41 (2.50 g,
8.61 mmol) and 4 N hydrogen chloride in 1,4-dioxane
(100 mL, 400 mmol) was stirred at 250C for 40 min. The
mixture was concentrated, and the resultant residue
dried under reduced pressure to provide C105 as a
brown syrup ((1.99 g, 100%). 1H NMR (500 MHz, DMSOd 6)
d 9.68 (br s, 2H), 8.36 (d, J = 1.5 Hz, 1H), 8.26 (dd,
J = 8.0, 2.0 Hz, 1H), 7.76 (d, J = 8.5 Hz, 1H), 5.38
(s, 2H), 3.36 (s, 2H), 2.32 (m, 2H), 1.45 (m, 2H).
Step 2.
1-(6-Nitro-(1S,4R)-1,2,3,4-tetrahydro-1,4-epiazano-nap
hthalen-9-yl)- ethanone (C106): A mixture of C105
(1.99 g, 8.61 mmol) and DIEA (2.22 g, 17.2 mmol) in
CH2CI2 (110 mL) was treated with acetyl chloride (1.01
g, 12.9 mmol) and stirred at 250C overnight. The
reaction mixture was diluted with CH2CI2 (100 mL) and
washed with saturated aqueous NaHCO3 (150 mL) then
brine (150 mL). The organic layer was collected, dried
over Na2SO4, filtered, and concentrated to dryness to
provide C106 as a brown syrup (1.82 g, 91%). 1H NMR
(500 MHz, CDCI3) d 8.13 (m, 2H), 7.41 (m, 1H), 5.66
(m, 1H), 5.21 (m, 1H), 2.21 (m, 2H), 2.04 (m, 3H),
1.40 (m, 2H). Step 3. 1-(6-Amino-(1 S,4R)-1
,2,3,4-tetrahydro-1 ,4-epiazano-naphthalen-9-yl)-
ethanone (C107): A mixture of C106 (1.82 g, 7.84 mmol)
and 10% palladium on carbon (0.750 g, 50% water by
wt.) in MeOH (55 mL) was shaken under an atmosphere of
hydrogen (50 psi) for 1.5 hours at 250C. The reaction
mixture was then filtered through diatomaceous earth
and the filtrate concentrated to dryness to provide
C107 as a white solid (1.60 g, 100%.). 1H NMR (500
MHz, CDCI3) d 7.00 (m, 1H), 6.62 (dd, J = 14.0, 2.0
Hz, 1H), 6.44 (m, 1H), 5.44 (rp, 1H), 4.97 (m, 1H),
3.65 (br s, 2H), 2.06 (m, 2H), 1.99 (m, 3H), 1.40 (m,
1H), 1.29 (m, 1H). Step 4 . A mixture of C107 (0.196
g, 0.969 mmoi), (2-Chloro-5-methyl-pyrimidin-4-yl)-
ethylamine (0.166 g, 0.969 mmol),
tris(dibenzilidineacetone) dipalladium(O) (0.088 g,
0.097mmol) and 2-(dicyclohexylphosphino) biphenyl
(0.034 g, 0.097 mmol) in THF (1 mL) was 



treated with a 1 M solution of lithium
bis(trimethylsilyl) amide in THF (2.13 mL, 2.13 mmol).
The resultant mixture was heated in a microwave
reactor at 14O0C for 20 min. The mixture was then
cooled to room temperature, diluted with MeOH (2 mL),
and concentrated to dryness. The resultant residue was
purified by preparatory HPLC followed by
chromatography (silica, 1:9 MeOH/EtOAc). The eluents
containing 117 were combined and concentrated. The
resultant residue was lyophilized from
acetonitrile/water to provide 117 as a white solid
(0.134 g, 41%). HPLC (Method B1) Rt = 4.21, HPLC
Purity = 100%. MS for C19H23N5O: [M + H] = 388.
Examples 118 to 125 The compounds of Examples 118 to
125 (Table 1) were prepared in a manner similar to
that described for 117 in Step 4 of Example 117.
Example 126
1-[6-(4-Ethylamino-5-fluoro-pyrimidin-2-ylamino)-(1
S,4R)-1 ,2,3,4-tetrahydro-1 ,4-
epiazano-naphthalen-9-yl]-ethanone (126) Step 1.
(2-Chloro-5-fluoro-pyrimidin-4-yl)-ethylamine (C108):
A mixture of 2,4- dichloro-5-fluoro-pyrimidine (4.95
g, 29.6 mmol), DIEA (7.64 g, 59.2 mmol) and a 2.0 M
solution of EtNH2 in MeOH (14.8 mL, 29.6 mmol) was
stirred at 5O0C in a sealed vessel for 20 hours. The
reaction mixture was then cooled to 25C and
concentrated. The resultant residue was dissolved in
EtOAc (200 mL) and washed with H2O (150 mL) and brine
(150 mL). The organic phase was dried over Na2SO4 and
concentrated under reduced pressure. The resultant
residue was triturated with hexanes to provide C108 as
an off-white solid (4.02 g, 77%). MP: 56-58 0C. 1H NMR
(500 MHz, CDCI3) d 7.86 (d, J = 3.0 Hz, 1H), 5.20 (br
s, 1H), 3.57 (m, 1H), 1.29 (t, J = 7.5 Hz, 3H) ppm.
Step 2. A mixture of C107 (0.200 g, 1.00 mmol), C108)
(0.187 g, 1.00 mmol), tris(dibenzylidineacetone)
dipalladium(O) (0.090 g, 0.100 mmol) and 2-
(dicyclohexylphosphino) biphenyl (0.035 g, 0.100 mmol)
in THF ( 1 mL) was stirred for 1 min at 250C. A 1 M
solution of lithium bis(trimethylsilyl) amide in THF
(2.20 mL, 2.20 mmol) was added, and the mixture was
heated in a microwave reactor at 14O0C for 20 min. The
resulting mixture was then cooled to room temperature,
diluted with MeOH (2 mL), and concentrated to dryness.
The resultant residue was purified by chromatography
(silica, 1:1 EtOAc/hexanes to EtOAc) then preparative
HPLC to provide 126 as a white solid (0.1 12 g, 33%).
MP: 201- 2030C. 1H NMR (500 MHz, CDCI3) d 7.66 (m,
1H), 7.65 (d, J = 1.3 Hz, 1H)1 7.23 (m, 1H), 7.15 (m,
1H), 6.80 (d, J = 3.1 Hz, 1H), 5.52 (m, 1H), 5.04 (m,
1H), 4.91 (br s, 1H), 3.53 (m, 2H), 2.09 (m, 2H), 2.00
(s, 3H), 1.43 (m, 1H), 1.29 (m, 4H) ppm.Example 127
1-[6-(5-Fluoro-4-isopropylamino-pyrimidin-2-ylamino)-
(1S,4R)-1,2,3,4-tetrahydro-1,4-
epiazano-naphthalen-9-yl]-ethanone (127) Step 1.
(2-Chloro-5-fluoro-pyrimidin-4-yl)-isopropylamine
(C109): A mixture of 2,4- dichloro-5-fluoro-pyrimidine
(5.01 g, 30.0 mmol), DIEA (7.93 g, 60 mmol) and
isopropylamine (1.77 g, 30.0 mmol) in EtOH (15 mL) was
stirred at 5O0C in a sealed vessel for 2 1 hours. The
mixture was then cooled to 250C and concentrated. The
resultant residue was dissolved in EtOAc (200 mL) and
washed with H2O (200 mL) and brine (200 mL). The
organic phase was dried over Na2SO4 and concentrated
under reduced pressure. The resultant residue was
purified by chromatography (silica, hexanes to 3:1
CH2CI2/hexanes) to provide C109 as a yellow solid
(4.67 g, 82%). MP: 55-57 0C. 1H NMR (500 MHz, CDCI3) d
7.85 (d, J = 3.0 Hz, 1H), 5.31 (br s, 1H), 3.34 (m,
1H), 1.29 (d, J = 6.5 Hz, 6H) ppm.. Step 2. Compound
127 was prepared in a manner similar to that described
for 126 in Step 2 of Example 126 except that C109
(0.199 g, 1.0 mmol) was used instead of C108 to
provide 127 as a white solid (0.138 g, 39%). HPLC
(Method B1) Rt = 3.81, HPLC Purity = 99%. MS for
C19H22FIN5O: [M + H] = 356. Example 128
1-[6-(4-Cyclopropylamino-5-fluoro-pyrimidin-2-ylamino)
-(1S,4R)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-ethanone (128) Step 1.
(2-Chloro-5-fluoro-pyrimidin-4-yl)-cyclopropylamine
(C110): A mixture of 2,4-dichloro-5-fluoro-pyrimidine
(4.96 g, 29.7 mmol), DIEA (7.64 g, 59.4 mmol) and
cyclopropylamine (1.69 g, 29.7 mmol) in EtOH (15 mL)
was stirred at 5O0C in a sealed vessel for 25 hours.
The mixture was cooled to 250C and concentrated. The
resultant residue was dissolved in EtOAc (200 mL) and
washed with H2O (150 mL) and brine (150 mL). The
organic phase was collected, dried over Na2SO , and
concentrated under reduced pressure. The resultant
residue was triturated with hexanes to provide C110 as
an off-white solid (4.97 g, 89%). MP: 83-85 0C. 1H NMR
(500 MHz, CDCI3) d 7.89 (m, 1H), 5.42 (br s, 1H), 2.90
(m, 1H), 0.93 (m, 2H), 0.63 (m, 2H) ppm. Step 2.
Compound 128 was prepared in a manner similar to that
described for 126 in Step 2 of Example 126 except that
C110 (0.197 g, 1.0 mmol) was used instead of C108 to
provide 128 as a white solid (0.033 g, 8%). HPLC
(Method B1) Rt = 10.1, HPLC Purity = 85%. MS for
C19H20FIN5O: [M + H] = 354. Example 129
1-[6-(4-Cyclobutylam ino-5-fluoro-pyrim idn-2-ylam
ino)-(1 S,4R)-1 ,2, 3,4-tetrahydro-1 ,4-
epiazano-naphthalen-9-yl]-ethanone (129) Step 1.
(2-Chloro-5-fluoro-pyrimidin-4-yi)-cyclobutylamine
(C111): A mixture of 2,4- dichloro-5-fluoro-pyrimidine
(4.89 g, 29.3 mmol), DIEA (7.79 g, 58.6 mmol)
andcyclobutylamine (2.08 g, 29.3 mmoi) in EtOH (15 mL)
was stirred at 50C in a sealed vessel for 2 1 hours.
The mixture was then cooled to 250C and concentrated.
The resultant residue was dissolved in EtOAc (200 mL)
and washed with H2O(200 mL) and brine (200 mL). The
organic phase was collected, dried over Na2SO4, and
concentrated under reduced pressure. The resultant
residue was purified by chromatography (silica,
hexanes to 3:1 CH2CI2/hexanes) to provide C111 as a
yellow solid (4.57 g, 82%). MP: 63-65 0C. 1H NMR (500
MHz, CDCI3) d 7.87 (m, 1H), 5.33 (br s, 1H), 4.61 (m,
1H), 2.46 (m, 2H), 1.96 (m, 2H), 1.81 (m, 2H) ppm.
Step 2. Compound 129 was prepared in a manner similar
to that described for 126 in Step 2 of Example 126
except that C111 (0.210 g, 1.0 mmol) was used instead
of C108 to provide 129 as a off-white solid (0.125 g,
38%). HPLC (Method B1) Rt = 11.1, HPLC Purity = 99%.
MS for C20H22FIN5O: [M + H] = 368. Examples 130 to 355
Examples 130 to 355 (Table 2) were prepared by
specific methods of the previously described examples
or by methods known to those skilled. in the art.
Example 356
(+/-)-1-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimi
din-2-ylamino)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-propan-2-one (356) A
solution of C46 (92 mg, 0.22 mmol) and DIEA (115 mg,
0.89 mmol) in DMF (2 mL) was stirred at 29C for 12
hours. The reaction mixture was partitioned between
EtOAc and H2O and the layers separated. The organic
layer was collected, washed with water, dried over
Na2SO and concentrated and concentrated under reduced
pressure. Purification of the resultant residue on
Biotage(r) Flash 12S (CH2CI2 / CH3OH = 99:1) provide
356 as a brown solid (50 mg, 52 %). 1H NMR (500 MHz,
DMSO-Of6) d 9.5 (s, 1 H), 8.2 (s, 1 H), 7.7 (s, 1 H),
7.3 (m, 1 H), 7.1 (d, J = 8 Hz, 1 H), 7.0 (d, J = 7
Hz, 1 H), 4.6 (br, 1 H), 4.17 (t, J = 4 Hz, 2 H), 2.95
(m, 2 H), 2.2 (m, 2 H), 2.15 (m, 2 H), 2.01 (s, 3 H),
1.90 (m, 2 H), 1.7-1.6 (m, 2 H), 1.09 (m, 2 H) ppm.
MS: 432.5 (MH+). Example 357
(+/-)-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidi
n-2-ylamino)-1,2,3,4-tetrahydro-
1,4-epiazano-naphthalen-9-yl]-acetic acid
dihydrochloride (357) Step 1.
(+/-)-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimidi
n-2-ylamino)-1 ,2,3,4-
tetrahydro-1,4-epiazano-naphthalen-9-yl]-acetic acid
tert-butyl ester (C112): Bromo-acetic acid tert-butyl
ester (0.48 g, 2.45 mmol) was added to a solution of
C46 ( 1 .0 g, 2.23 mmol) and DIEA (0.86 g, 6.7 mmol)
in THF (10 mL) and DMF (1OmL). After 2 hours the
reaction mixture was partitioned between EtOAc and H2O
and the layer separated. The organic layer was
collected, and the aqueous layer was extracted with
EtOAc. The combined organiclayers were washed with
H2O, dried over Na2SO4, and concentrated under reduced
pressure. Purification of the resultant residue on
Biotage(r) Flash 4OM (CH2CI2 / CH3OH = 97:3) provided
C112 as a white solid (0.93 g, 85 %). 1H NMR (400 MHz1
DMSO- d6 ) d 9.54 (br, 1 H), 8.14 (s, 1 H), 7.7 (s, 1
H)1 7.3 (m, 1 H), 7.12 (d, J = 8 Hz, 1 H), 6.9 (m, 1
H), 4.5 (br, 1 H), 4.2 (t, J = 4 Hz, 2 H), 2.7 (m, 2
H), 2.18-2.12 (m, 4 H), 1.97 (m, 2 H), 1.67-1.58 (m, 2
H), 1.33 (s, 9 H), 1.0 (m, 2 H); MS: 490.3 (MH+). Step
2. A solution of HCI (4N in dioxane, 10 mL) and C112
(0.19 g, 0.388 mmol) was stirred at about 25C for 4
hours. The mixture was then concentrated to provide
357 as a 



white solid (0.19 g, 100 %). 1H NMR (400 MHz,
DMSO-c/6) d 1.63 (br, 1 H), 8.3 (s, 1 H), 7.87 (m, 1
H), 7.81 (br, 1 H), 7.6 (m, 1 H), 7.5 (m, 1 H)1 5.3
(m, 2 H)1 4.5 (m, 1 H), 4.0 (s, 1 H), 3.6 (m, 2 H),
2.4 (m, 2 H), 2.1 (m, 4 H), 1.7 (m, 2 H), 1.47 (m, 2
H) ppm. HPLC Rt: 4.72 min; HPLC purity: 100%. MS:
434.2 (MH+). Example 361
(+/-)-2-[6-(4-Cyclobutylamino-5-trifluoromethyl-pyrimi
din-2-ylamino)-1 ,2,3,4- tetrahydro-1
,4-epiazano-naphthalen-9-yl]-N-methyl-acetamide (358)
A solution of 357 (0.19 g, 0.37 mmol) in thionyl
chloride (0.22 g, 1.86 mmol) was heated to 50 0C.
After 2 hours the mixture was concentrated and the
residue was dissolved in THF (5 mL). The resultant
solution was treated with DIEA (0.15 g, 1.12 mmol) and
methylamine (2.0 M in THF, 0.37 mL, 0.75 mmol) were
added and stirred for 2 hours at about 25C. The
reaction mixture was quenched with water and extracted
with EtOAc. The organic layer was dried over Na2SO4
and concentrated under reduced pressure. Purification
of the resultant residue on Biotage(r) Flash 12S
(CH2CI2 / CH3OH = 98:2) provided 358 as a brown solid
(45 mg, 27 %). 1H NMR (500 MHz, DMSO-d6 ) d 9.6 (br, 1
H), 8.1 (s, 1 H), 7.7 (s, 1 H), 7.6 (br, 1 H)1 7.4 (d,
J = 7.7 Hz, 1 H), 7.19 (d, J = 7.7 Hz, 1 H), 7.05 (d,
J = 6 Hz 1 H), 4.6 (br, 1 H), 4.2 (br, 2 H), 2.7 (br,
2 H), 2.6 (d, J = 5 Hz, 3 H), 2.24-2.1 1 (m, 6 H),
1.64-1 .60 (m, 2 H), 1.15 (br, 2 H) ppm. HPLC Rt: 5.6
min; HPLC purity: 100%. MS: 447.3 (MH+). Examples 359
to 362 Examples 359 to 362 (Table 3) were prepared in
a manner similar to that described for 356 in Example
356. Example 363-417 Examples 363-417 (Table 4) were
prepared by the general method described below: A
solution of the appropriate aryl chloride (0.2 mmol),
the appropriate amine (0.3 mmol), and DIEA (0.4 mmol)
in 1,4-dioxane (1mL) was shaken at 900 C overnight.
The reaction mixture was concentrated and the
resultant residue dissolved in DCE (2 mL). The
resultant solution was treated with polystyrene
benzaldehyde resin (2 eq.) and shakenovernight. The
mixture was filtered and concentrated. The resultant
residue was dissolved in DMSO ( 1 mL), filtered, and
concentrated to provide the products. Example 418
5-Chloro-N4-cyclobutyl-N2 -9-methanesulfonyl-1
,2,3,4-tetrahydro- 1,4-epiazanonaphthalen-
6-yl)-pyrimidine-2,4-diamine trifluoroacetic acid salt
(418) 418 2,4,5-trichloro-pyrimidine (0.5 M in DMSO)
cyclobutyl amine (0.5 M in DMSO, 160 mL) and DIEA
(neat, 30 mL) were added to an 8-ml reaction vial. The
vial was capped and the contents shaken at 25C for 22
h. The reaction mixture was concentrated in Genevac to
provide 3, 3-Cyclobutylamino-2,5-dichloro-pyrimidine.
The solid was treated with C76 (0.5 M in DMSO, 160
mL), concentrated in Genevac, and the resultant
residue treated with EtOAc (160 ul). The vial was
capped and the contents shaken at 75 C for 22.5 hours.
The reaction mixture was then concentrated in Genevac.
The resultant crude product was dissolved in DMSO and
purified by HPLC to provide 418 (11.9 mg, 35%). APCI
LCMS: Retention time: 3.00 min (Method A), Observed
mass: 419.99 [M+H]. Examples 419-482 Examples 419-482
(Table 5) were in a manner similar t that described
for 421 in Example 421 . Examples 483-490 Examples
483-490 (Table 6) were prepared by the general
procedure described below. Compound C74 (1 mL, 0.05 M
in NMP, 50 mmol ), azetidine-3-carboxylic acid (300
mL, 0.5M in NMP, 150 mmol) and neat DIEA to were added
to an 8-mL vial, and the contents of the vial were
shaken at 8O0C overnight. The mixture was concentrated
in Genevac, and the contents of the vial was treated
with DCE (3 mL) and a saturated NH4CI solution (2 mL).
The vials were vortexed and centrifuged and the top
layer (2 mL) was removed, to waste. Add saturated
solution of NaHCO3 (2 mL) was added to the vial. The
vial was vortexed andcentrifuged, and 2700 uL portion
was removed from the mixture and transferred to a
clean vial. The contents of the clean vial were
concentrated to provide the crude product. LC/MS
(Method F) product: Rt = 1.96s. Exact mass 447.1. The
contents of vial were treated with the appropriate
amine (0.5 M in DMF1 200 mL), HBTU (0.25 M in DMF, 400
mL) and neat DIPEA (50 mL) and shaken at 25C
overnight. The crude product was dissolved in DCE,
washed with a saturated solution of NH4CI and a
saturated solution of NaHCO3, and concentrated. The
resultant residue was then purified by HPLC to provide
the product. * * * The present invention is not to be
limited in scope by the specific embodiments described
herein. Indeed, various modifications of the invention
in addition to those described herein will become
apparent to those skilled in the art from the
foregoing description and the accompanying figures.
Such modifications are intended to fall within the
scope of the appended claims. All patents,
applications, publications, test methods, literature,
and other materials cited herein are hereby
incorporated herein by reference in their
entireties.PREPARATION OF GAMMA-AMINO ACIDS HAVING
AFFINITY FOR THE ALPHA-2-DELTA PROTEIN This invention
relates to materials and methods for preparing
optically-active g-amino acids that bind to the
alpha-2-delta (a2d) subunit of a calcium channel.
These compounds, including their pharmaceutically
acceptable salts, solvates and hydrates, are useful
for treating vasomotor symptoms (hot flashes and night
sweats), restless legs syndrome, fibromyalgia,
epilepsy, pain, and a variety of neurodegenerative,
psychiatric and sleep disorders. WO-A-2000/076958 and
U.S. Patent No. 6,642,398 describe g-amino acids of
the formula: or a pharmaceutically acceptable salt
thereof wherein: R1 is hydrogen, straight or branched
alkyl of from 1 to 6 carbon atoms or phenyl; R2 is
straight or branched alkyl of from 1 to 8 carbon
atoms, straight or branched alkenyl of from 2 to 8
carbon atoms, cycloalkyl of from 3 to 7 carbon atoms,
alkoxy of from 1 to 6 carbon atoms, alkylcycloalkyl,
alkylalkoxy, alkyl OH, alkylphenyl, alkylphenoxy,
phenyl or substituted phenyl; and R1 is straight or
branched alkyl of from 1 to 6 carbon atoms or phenyl
when R2 is methyl. These compounds, along with their
pharmaceutically acceptable salts, solvates, and
hydrates, bind to the a2d subunit of a calcium channel
and may be used to treat a number of disorders,
medical conditions, and diseases, including, among
others, epilepsy; pain (e.g., acute and chronic pain,
neuropathic pain, and psychogenic pain);
neurodegenerative disorders (e.g., acute brain injury
arising from stroke, head trauma, and asphyxia);
psychiatric disorders (e.g., anxiety and depression);
and sleep disorders (e.g., insomnia, drug-associated
sleeplessness, hypersomnia, narcolepsy, sleep apnea,
and parasomnias). WO-A-2004/054566 describes the use
of these compounds in a method of treating a disorder
selected from obsessive compulsive disorder (OCD),
phobias, post traumatic stress disorder (PTSD),
restless legs syndrome, premenstrual dysphoric
disorder, hot flashes, and fibromyalgia. Many of the
g-amino acids described in WO-A-2000/076958 are
optically active. Some of the compounds, below,
possess two or more stereogenic (chiral) centers,
which make their preparation challenging. Although
WO-A-2000/076958 describes useful methods for
preparing optically-active g- amino acids, some of the
methods may be problematic for pilot- or full-scale
production because of efficiency or cost concerns.
Thus, improved methods for preparing optically-active
g-amino acids would be desirable.The present invention
provides improved methods for preparing compounds of
Formula 1, 1 or a pharmaceutically acceptable salt,
solvate or hydrate thereof, wherein: R1 and R2 are
each independently selected from hydrogen and C1-3
alkyl, provided that when R1 is hydrogen, R2 is not
hydrogen; R3 is selected from C-i.b alkyl,
C2.balkenyl, C3-6 cycloalkyl, C3 6 cycloalkyl-Ci 6
alkyl, Ci-6 alkoxy, aryl, and aryl-Ci- 3 alkyl,
wherein each aryl moiety is optionally substituted
with from one to three substituents independently
selected from C1-3 alkyl, Ci -3 alkoxy, amino, C1-3
alkylamino, and halogeno; and wherein each of the
aforementioned alkyl, alkenyl, cycloalkyl, and alkoxy
moieties are optionally substituted with from one to
three fluorine atoms. The processes provided by the
present invention may be more cost-effective or
efficient than known processes and require lower
volumes of solvents. One aspect of the invention
provides, as Embodiment A, a process for preparing a
compound of Formula 10, or a salt thereof, and a
compound of Formula 11, or a salt thereof: 10 11
comprising (a) contacting a compound of Formula 7
,with an enzyme, wherein the enzyme
diastereoselectively hydrolyzes the compound of
Formula 7 to 



the compound of Formula 10 or a salt thereof, or to a
compound of Formula 11 or a salt thereof; (b)
isolating the compound of Formula 10, a diastereomer
thereof, or a salt thereof; and (c) optionally
hydrolyzing the compound of Formula 10 or 11 to give
the free carboxylic acid; wherein R1 and R2 are each
independently selected from hydrogen and C1-3 alkyl,
provided that R1 and R2 are not both hydrogen; R3 is
selected from C1-6 alkyl, C2-6 alkenyl, C3-e
cycloalkyl, C3.6 cycIoalkyl-C 1-6 alkyl, C1-6 alkoxy,
aryl, and aryl-C 1-3 alkyl, wherein each aryl moiety
is optionally substituted with from one to three
substituents independently selected from Ci- alkyl,
C1-3 alkoxy, amino, C1 3 alkylamino, and halogeno; and
wherein each of the aforementioned alkyl, alkenyl,
cycloalkyl, and alkoxy moieties are optionally
substituted with from one to three fluorine atoms; Rb
in Formula 7 is selected from C1 alkyl, C2-balkenyl,
C2 6 alkynyl, C3-7 cycloalkyl, C3 7 cycloalkenyl,
halo-Ci- 6 alkyl, halo-C 2.6 alkenyl, halo-C 2-6
alkynyl, aryi-C 1-6 alkyl, aryl-C 2.balkenyl, and
aryl- C2-6 alkynyl; and R8 and R9 in Formula 10 and 11
are each independently selected from hydrogen,
Ci-balkyl, C2.6 alkenyl, C2.6 alkynyl, C3-7
cycloalkyl, C3-7 cycloalkenyl, halo-C-|.6 alkyl,
halo-C 2.6 alkenyl, halo- C2-6 alkynyl, ary!-Ci -6
alkyl, aryl-C 2-6 alkenyl, and aryl-C 2.6 alkynyl,
provided that R8 and R9 are not both hydrogen; and
wherein each of the aforementioned aryl moieties may
be optionally substituted with from one to three
substituents independently selected from Ci -3 alkyl,
C1-3 alkoxy, amino, Ci -3 alkylamino, and halogeno. As
Embodiment A 1, the invention provides a process for
preparing a compound of Formula 10 or a salt thereof:
1 0 wherein R1 and R2 are each independently selected
from hydrogen and C1-3 alkyl, provided that when R1 is
hydrogen, R2 is not hydrogen; R3 is selected from C1-6
alkyl, C2-6 alkenyl, C3-6 cycloalkyl, C3-6
cycloalkyl-C 1-6 alkyl, C1-6 alkoxy, aryl, and aryl-C^
alkyl, wherein each aryl moiety is optionally
substituted with from one to three substituents
independently selected from C1-3 alkyl, C -3 alkoxy,
amino, C1-3 alkylamino, and halogeno, and wherein each
of the aforementioned alkyl, alkenyl, cycloalkyl, and
alkoxy moieties are optionally substituted with from
one to three fluorine atoms; andR8 is selected from
C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7
cycloalkyl, C3.7 cycloalkenyl, halo- Ci-balky],
halo-C2.6 alkenyl, halo-C2.6 alkynyl, aryl-C^e alkyl,
aryl-C2.6 alkenyl, and aryl-C2.6 alkynyl, and wherein
each of the aforementioned aryl moieties may be
optionally substituted with from one to three
substituents independently selected from C1-3 alkyl,
Ci 3 alkoxy, amino, Ci-3 alkylamino, and halogeno: and
wherein said process comprises: (a) contacting a
compound of Formula 7 with an enzyme, wherein the
enzyme diastereoselectively hydrolyzes the compound of
Formula 7 to the compound of Formula 11a; 11a wherein
R1, R2 and R3 are as defined for a compound of
FormulalO; and R6 in Formula 7 is selected from C1-6
alkyl, C2-6 alkenyl, C2-6 alkynyl, C3-7 cycloalkyl,
C3-7 cycloalkenyl, halo-C^ alkyl, halo-C2-6 alkenyl,
halo-C2.6 alkynyl, aryl-Ci_6 alkyl, aryl-C 2.6
alkenyl, and aryl- C2-6 alkynyl, and wherein each of
the aforementioned aryl moieties may be optionally
substituted with from one to three substituents
independently selected from C1-3 alkyl, C1-3 alkoxy,
amino, C1-3 alkylamino, and halogeno: and (b)
isolating the compound of Formula 10. As Embodiment
A2, the invention provides a process as defined in
Embodiment A, wherein R9 is hydrogen. As Embodiment
A3, the invention provides a process as defined in
Embodiment A, A 1 or A2, wherein R6 and R8 are
independently selected from C1 6 alkyl; preferably
methyl, ethyl, n-propyi and /-propyl; most preferably
methyl and ethyl. As Embodiment A4, the invention
provides a process as defined in Embodiment A, A 1, A2
or A3, wherein R1 and R2 are each independently
hydrogen or methyl, provided that R1 and R2 are not
both hydrogen, and R3 is Ci 6 alkyl; preferably R1 is
hydrogen, R2 is methyl, and R3 is methyl, ethyl,
npropyl or /-propyl; most preferably R1 is hydrogen,
R2 is methyl, and R3 is ethyl. As Embodiment A5, the
invention provides a process as defined in Embodiment
A, A1, A2, A3 or A4, wherein the enzyme in step (a) is
a lipase; preferably the enzyme is a lipase from the
microorganism Burkholderia cepacia or the
microorganism Thermomyces lanuginosus.As Embodiment
A6, the invention provides a process as defined in
Embodiment A 1, A2, A3, A4, or A5, wherein the process
further comprises the step: (c) optionally converting
the compound of Formula 10 to a salt thereof;
preferably to an alkali metal salt thereof; most
preferably to the sodium salt thereof. A further
aspect of the invention provides, as Embodiment A7, a
process for preparing a compound of Formula 10a, or a
salt thereof: 10a wherein R1, R2, and R3 are as
defined in Embodiments A or A3. The process comprises
the steps of: (a) contacting a compound of Formula 7,
with an enzyme to yield the compound of Formula 10, or
a salt thereof, and a compound of Formula 11, or a
salt thereof, 10 11 wherein the enzyme
diastereoselectively hydrolyzes the compound of
Formula 7 to the compound of Formula 10 or a salt
thereof, or to a compound of Formula 11 or a salt
thereof; (b) isolating the compound of Formula 10, or
a salt thereof; and (c) optionally hydrolyzing the
compound of Formula 10, to give the compound of
Formula 10a, wherein R1, R2, and R3 in Formula 7,
Formula 10, and Formula 11 are as defined for Formula
1, above;R6 in Formula 7 is selected from C1 6 alkyl,
C2.6 alkenyl, C2.6 alkynyl, C3-7 cycloalkyl, C3 7
cycloalkenyl, 1IaIo-C1-6 alkyl, halo-C 2-6 alkenyl,
halo-C 2-6alkynyl, aryl-C 1-e alkyl, aryl-C 2-6
alkenyl, and aryl- C2-6 alkynyl; and R8 and R9 in
Formula 10 and 11 are each independently selected from
hydrogen, C1-6 alkyl, C2.6 alkenyl, C2-6 alkynyl, C3.7
cycloalkyl, C3-7 cycloalkenyl, alkyl, halo-C 2.6
alkenyl, halo- C2-6 alkynyl, aryl-C 1-6 alkyl, aryl-C
2.6 alkenyl, and aryl-C 2-6 alkynyl; wherein each of
the aforementioned aryl moieties may be optionally
substituted with from one to three substituents
independently selected from C1-3 alkyl, C1-3 alkoxy,
amino, C1-3 alkylamino, and halogeno. The invention
further provides, as Embodiment B, a compound of
Formula 7 , as defined above in Embodiment A, A 1 or
A4; preferably R6 is C1-6 alkyl; more preferably R6 is
methyl, ethyl, n-propyl or /- propyl. In Embodiment B
1, the invention provides a compound of Formula 7
selected from:
(2'R)-2-cyano-2-(2'-methyl-butyl)-succinic acid
diethyl ester;
(2'R)-2-cyano-2-(2'-methyl-pentyl)-succinic acid
diethyl ester;
(2'R)-2-cyano-2~(2'-methyl-hexyl)-succinic acid
diethyl ester;
(2'R)-2-cyano-2-(2',4'-dimethyl-pentyl)-succinic acid
diethyl ester; (5R)-3-cyano- d-methyl-heptanoic acid
ethyl ester; (dRJ-S-cyano- d-methyl-octanoic acid
ethyl ester; (dR)-3-cyano- d-methyl-nonanoic acid
ethyl ester; (dR)-3-cyano- d,7-dimethyl-octanoic acid
ethyl ester; (dR^S-cyano- d-methyl-heptanoicacid;
(dR)-3-cyano- d-methyl-octanoic acid;
(5f?)-3-cyano-5-methyl-nonanoic acid; (dR^S-cyano-
dJ-dimethyl-octanoic acid; (SS. RJ-S-cyano-
-methyl-heptanoicacid; (3S, d/^-S-cyano-
d-methyl-octanoic acid; (3S, dR)-3-cyano-
d-methyl-nonanoic acid; (3S, d/?)-3-cyano-
d,7-dimethyl-octanoic acid; (3S, dR)-3-cyano-
d-methyl-heptanoic acid ethyl ester; (3S, dR)-3-cyano-
d-methyl- sctanoic acid ethyl ester; (3S, dR)-3-cyano-
d-methyl-octanoic acid methyl ester; (3S,5R)-3-cyano-
d-methyl-nonanoic acid ethyl ester; (3S, dR)-3-cyano-
d,7-dimethyl-octanoic acid ethyl ester; (3R,
dR)-3-cyano- d-methy!-heptanoic acid; (3R,
dR)-3-cyano-5-methyl-octanoic acid; (SR.dRJ-S-cyano-
d-methyl-nonanoic acid; (3R,
dR)-3-cyano-5,7-dimethyl-octanoic acid;
(3R,dR)-3-cyano- d-methyl-heptanoic acid ethyl ester;
(SR.dR^S-cyano- d-methyl-octanoic acid ethyl ester; 



(3R,dR)-3-cyano~d-methyl-nonanoic acid ethyl ester;
(SR.dRJ-S-cyano-dJ-dimethyl-octanoic acid ethyl ester;
and diastereomers and opposite enantiomers of the
aforementioned compounds, and salts of the
aforementioned compounds, their diastereomers and
opposite enantiomers. As Embodiment B2, the invention
provides a compound of Formula 10 selected from:
(3S,5R)-3-cyans-d-methyl-heptanoic acid;
(3S,dR)-3-cyano-d-methyl-octanoic acid;
(3S,dR)-3-cyano-d-methyl-nonanoic acid;
(3S,5R)-3-cyano- d,7-dimethyl-octanoic acid;
(3S,dR)-3-cyano-5-methyl-heptanoic acid ethyl ester;
(3S,5R)-3-cyano- d-methyl-octanoic acid ethyl ester;
(3S,5R)-3-cyano- d-methyl-octanoic acid methyl ester;
(3S,dR)-3-cyano- d-methyl-nonanoic acid ethyl ester;
(3S,5R)-3-cyano- d,7-dimethyl-octanoic acid ethyl
ester; and the salts and esters thereof. As Embodiment
B3, the invention provides the compound
(3S,5R)-3-cyano- d-methyl-octanoic acid or a salt or
ester thereof (compounds of Formula 10b): 10b wherein
R8b is selected from hydrogen, Ci 6 alkyl, C2.6
alkenyl, C2-6 alkynyl, C3-7 cycloalkyl, C3-7
cycloalkenyl, halo-C1-6 alkyl, halo-C2.6 alkenyl,
halo-C2.6 alkynyl, aryl-C^ alkyl, aryl-C2-6 alkenyl,
and aryl-C2-6 alkynyl and wherein each of the
aforementioned aryl moieties may be optionally
substituted with from one to three substituents
independently selected from C1-3 alkyl, C1 3 alkoxy,
amino, C1 3 alkylamino, and halogeno; and salts
thereof. Preferably the ester thereof is a compound of
Formula 10b wherein R8b is C1-6 alkyl; more preferably
R8b is methyl or ethyl. Preferably the salt thereof is
an alkali metal salt of
(3S,dR)-3-cyano-5-methyl-octanoic acid; more
preferably the sodium salt thereof. The invention
further provides, as Embodiment C, a process for
preparing a compound of Formula 7, or a salt
thereof:wherein R1, R2, R3 are as defined in
Embodiment B; and R6 is C1-6 alkyl: and wherein said
process comprises (a) reacting a compound of Formula
19 with an orthoester compound of Formula 20 in the
presence of a base 19 wherein R1, R2, R3 and R6 are as
defined for a compound of Formula 7; and X2 is
halogeno: and (b) hydrolysis of the resulting
orthoester intermediate product to provide the
carboxylic ester of Formula 7. The invention further
provides, as Embodiment D, a process for the
preparation of a compound of Formula 1, as defined
above, a diastereomer thereof, or pharmaceutically
acceptable complex, salt, solvate or hydrate thereof,
comprising steps (a) to (c) of the process as defined
in Embodiment A, A6 or A7 and further comprising the
steps: (d) reducing the cyano moiety of a compound of
Formula 10, or a salt thereof: 10 wherein R1, R2, and
R3 in Formula 10 are as defined for a compound of
Formula 1 and R8 is as defined in Embodiment A; and(e)
optionally further converting the compound of Formula
1 or a salt thereof into a pharmaceutically acceptable
salt, solvate or hydrate thereof. As Embodiment D1,
the invention provides a process for the preparation
of a compound of Formula 1, as defined above, or a
pharmaceutically acceptable salt, solvate or hydrate
thereof, comprising steps (a) to (c) of the process as
defined in Embodiment A6, and further comprising the
steps: (d) reducing the cyano moiety of a salt of the
compound of Formula 10 to give a salt of the compound
of Formula 1; and (e) optionally further converting
the resulting salt of the compound of Formula 1, or to
a pharmaceutically acceptable salt, solvate or hydrate
thereof. As Embodiment D2, the invention provides a
process as defined in Embodiment D1, wherein in step
(c) the compound of Formula 10 is converted to an
alkali metal salt; most preferably the sodium salt. As
Embodiment D3, the invention provides a process as
defined in Embodiment D, wherein in step (e), the
resulting salt is converted to the free acid of
Formula 1. The invention further relates to a process
for preparing a compound of Formula 1, as defined
above, including a diastereomer thereof, or a
pharmaceutically acceptable salt, solvate or hydrate
thereof, comprising steps (a) to (c) of the process as
defined in Embodiment A, and further comprising the
steps: (d) reducing a cyano moiety of a compound of
Formula 8, 8 or a salt thereof to give a compound of
Formula 9, 9 or a salt thereof, wherein R1, R2, and R3
in Formula 8 and Formula 9 are as defined for Formula
1; (b) optionally treating a salt of the compound of
Formula 9 with an acid; (c) resolving the compound of
Formula 9 or a salt thereof; and(d) optionally
converting the compound of Formula 1 or a salt thereof
into a pharmaceutically acceptable complex, salt,
solvate or hydrate thereof. An additional aspect of
the invention provides a compound of Formula 19, 19
including salts thereof, wherein R1, R2, and R3 are as
defined for Formula 1, above; R8 is selected from
hydrogen, Ci_e alkyl, C2-6 alkenyl, C2.6 alkynyl, C3-7
cycloalkyl, C3.7 cycloalkenyl, halo-C-i-6 alkyl,
halo-C 2-6 alkenyl, halo-C 2.6 alkynyl, aryl-C 1-b
alkyl, aryl-C 2-6 alkenyl, and aryl- C2.6 alkynyl; R12
is hydrogen or -C(O)OR 7; and R7 is selected from C1-6
alkyl, C2_6 alkenyl, C2 6 alkynyl, C3 cycloalkyl, C3.7
cycloalkenyl, halo- C-i-6 alkyl, halo-C 2.6 alkenyl,
halo-C 2.6 alkynyl, alkyl, aryl-C 2-6 alkenyl, and
aryl-C 2.6 alkynyl; wherein each of the aforementioned
aryl moieties is optionally substituted with from one
to three substituents independently selected from C1 3
alkyl, C1-3 alkoxy, amino, Ci -3 alkylamino, and
halogeno; and wherein each of the aforementioned
alkyl, alkenyl, cycloalkyl, and alkoxy moieties are
optionally substituted with from one to three fluorine
atoms. A further aspect of the invention provides
compounds of Formula 7, Formula 8, Formula 10, Formula
11, and Formula 10a, above, selected from;
(2'R)-2-cyano-2-(2'-methyl-butyl)-succinic acid
diethyl ester;
(2'R)-2-cyano-2-(2'-methyl-pentyl)-succinic acid
diethyl ester;
(2'R)-2-cyano-2-(2'-methyl-hexyl)-succinic acid
diethyl ester;
(2'R)-2-cyano-2-(2',4'-dimethyl-pentyl)-succinic acid
diethyl ester; (5R)-3-cyano-5-methyl-heptanoic acid
ethyl ester; (5R)-3-cyano-5-methyl-octanoic acid ethyl
ester; (5R)-3-cyano-5-methyl-nonanoic acid ethyl
ester; (5R)-3-cyano-5,7-dimethyl-octanoic acid ethyl
ester; (5R)-3-cyano-5-methyl-heptanoic acid;
(5R)-3-cyano-5-methyl-octanoic acid;
(5R)-3-cyano-5-methyl-nonanoic acid;
(5R)-3-cyano-5,7-dimethyl-octanoic acid; (SS.
RJ-S-cyano- -methyl-heptanoic acid;
(3S,5R)-3-cyano-5-methyl-octanoic acid;
(3S,dR)-3-cyano- d-methyl-nonanoic acid;
(3S,dR)-3-cyano- d,7-dimethyl-octanoic acid;
(3S,5R)-3-cyano-5-methy!-heptanoic acid ethyl ester;
(3S,5R)-3-cyano-5-methyl-octanoic acid ethyl ester;
(3S,dR)-3-cyano- d-methyl-nonanoic acid ethyl ester;
(3S,5R)-3-cyano-5,7-dimethyl-octanoic acid ethyl
ester; (SR.dRJ-S-cyano-d-methyl-heptanoic acid;
(3R,5R)-3-cyano-5-methyl-octanoicacid;
(3R,5R)-3-cyano-5-methyl- ponanoic acid;
(3R,5R)-3-cyano-5,7-dimethyl-octanoicacid;
(3R,5R)-3-cyano-5-methyl-heptanoic acid ethyl ester;
(3R,5R)-3-cyano-5-methyl-octanoic acid ethyl ester;
(3R,5R)-3-cyano- d-methyl-nonanoic acid ethyl ester; 



(3R,dR)-3-cyano- d,7-dimethyl-octanoic acid ethyl
ester; and the salts thereof. The invention further
provides, as Embodiment E, essentially pure,
crystalline (3S,5R)-3-aminomethyl- d-methyl-octanoic
acid Form A, which is characterized by a powder X-ray
diffraction pattern (PXRD) obtained by irradiation
with CuKa radiation which includes peaks at 7.7, 1d.8,
20.8 and 23.1 degrees of two theta-angle + 0.2 degree.
As Embodiment E1, the invention provides essentially
pure, crystalline (3S,dR)-3-aminomethyl- d-
methyl-octanoic acid Form A, which is characterized by
a differential scanning calorimetry (DSC) thermogram
showing a single sharp endotherm peak maximum at 194C
2C. As Embodiment E2, the invention provides
essentially pure, crystalline (3S,dR)-3-aminomethyl-6-
methyl-octanoic acid Form A, which is characterized by
a Fourier Transform Infrared (FT-IR) spectrum which
includes absorption bands at 1006 and 894 cm 1. As
Embodiment E3, the invention provides essentially
pure, crystalline (3S,dR)-3-aminomethyl- d-
methyl-octanoic acid Form A, which is characterized by
a Fourier Transform-Raman (FT-Ramon) spectrum which
includes absorption bands at 1560, 696 and 386 cm 1.
The expression 'essentially pure' when used herein
means at least 96% by weight purity. More preferably,
'essentially pure' means at least 98% by weight purity
and most preferably means at least 99% by weight
purity. As Embodiment E4, the invention provides
(3S,dR)-3-aminomethyl- d-methyl-octanoic acid Form A
for use as a medicament.As Embodiment E5, the
invention provides (SS.d^-S-aminomethyl-
-methyl-octanoic acid Form A for use in the treatment
of a disease or disorder for which an aIpha-2-delta
receptor ligand is indicated, particularly for the
treatment of a disease or disorder selected from
epilepsy; pain (e.g., acute and chronic pain,
neuropathic pain, and psychogenic pain);
neurodegenerative disorders (e.g., acute brain injury
arising from stroke, head trauma, and asphyxia);
psychiatric disorders (e.g., anxiety and depression);
sleep disorders (e.g., insomnia, drug-associated
sleeplessness, hypersomnia, narcolepsy, sleep apnea,
and parasomnias); obsessive compulsive disorder (OCD);
phobias; post traumatic stress disorder (PTSD);
restless legs syndrome; premenstrual dysphoric
disorder; vasomotor symptoms (hot flashes and night
sweats); and fibromyalgia. As Embodiment E6, the
invention provides the use of
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid Form A in
the manufacture of a medicament for the treatment of a
disease or disorder for which an alpha-2-delta
receptor ligand is indicated, particularly for the
treatment of a disease or disorder selected from
epilepsy; pain (e.g., acute and chronic pain,
neuropathic pain, and psychogenic pain);
neurodegenerative disorders (e.g., acute brain injury
arising from stroke, head trauma, and asphyxia);
psychiatric disorders (e.g., anxiety and depression);
sleep disorders (e.g., insomnia, drug-associated
sleeplessness, hypersomnia, narcolepsy, sleep apnea,
and parasomnias); obsessive compulsive disorder (OCD);
phobias; post traumatic stress disorder (PTSD);
restless legs syndrome; premenstrual dysphoric
disorder; vasomotor symptoms (hot flashes and night
sweats); and fibromyalgia. As Embodiment E7, the
invention provides a method of treating a disease or
disorder for which an alpha-2-delta receptor ligand is
indicated in a mammal, particularly a disease or
disorder selected from epilepsy; pain (e.g., acute and
chronic pain, neuropathic pain, and psychogenic pain);
neurodegenerative disorders (e.g., acute brain injury
arising from stroke, head trauma, and asphyxia);
psychiatric disorders (e.g., anxiety and depression);
sleep disorders (e.g., insomnia, drug-associated
sleeplessness, hypersomnia, narcolepsy, sleep apnea,
and parasomnias); obsessive compulsive disorder (OCD);
phobias; post traumatic stress disorder (PTSD);
restless legs syndrome; premenstrual dysphoric
disorder; vasomotor symptoms (hot flashes and night
sweats); and fibromyalgia, comprising administering
comprising administering to a mammal in need of such
treatment (3S,5R)-3-aminomethyl-5-methyl-octanoic acid
Form A. The treatment of vasomotor symptoms (hot
flashes and night sweats) is a preferred use. As
Embodiment E8, the invention provides a pharmaceutical
composition including (3S,5R)-3-
aminomethyl-5-methyl-octanoic acid Form A and one or
more pharmaceutically acceptable excipients.As
Embodiment E9, the invention provides a process for
preparing (3S,5R)-3-aminomethyl-5-methyloctanoic acid
Form A by recrystallisation from a solution of crude
(3S,5/?)-3-aminomethyl-5-methyloctanoic acid in a
mixture of ethanol and water or isopropyl alcohol
(IPA) and water; more preferably from a solution of
crude (SS. /^-S-aminomethyl-S-methyl-octanoic acid in
a 1:1 mixture by volume of ethanol.water or a 1:1
mixture by volume of IPA:water; most preferably from a
solution of crude
{SS.d/^-S-aminomethyl-S-methyl-octanoic acid in a 1:1
mixture by volume of ethanol:water. The present
invention includes all complexes and salts, whether
pharmaceutically acceptable or not, solvates,
hydrates, and polymorphic forms of the disclosed
compounds. Certain compounds may contain an alkenyl or
cyclic group, so that cis/trans (or ZIE) stereoisomers
are possible, or may contain a keto or oxime group, so
that tautomerism may occur. In such cases, the present
invention generally includes all ZIE isomers and
tautomeric forms, whether they are pure, substantially
pure, or mixtures. Unless otherwise indicated, this
disclosure uses definitions provided below. Some of
the definitions and formulae may include a dash ("-")
to indicate a bond between atoms or a point of
attachment to a named or unnamed atom or group of
atoms. Other definitions and formulae may include an
equal sign ("=") or an identity symbol ("") to
indicate a double bond or a triple bond, respectively.
Certain formulae may also include one or more
asterisks ("*") to indicate stereogenic (asymmetric or
chiral) centers, although the absence of an asterisk
does not indicate that the compound lacks a
stereocenter. Such formulae may refer to the racemate
or to individual enantiomers or to individual
diastereomers, which may or may not be pure or
substantially pure. Other formulae may include one or
more wavy bonds (" ww,"). When attached to a
stereogenic center, the wavy bonds refer to both
stereoisomers, either individually or as mixtures.
Likewise, when attached to a double bond, the wavy
bonds indicate a Z-isomer, an E-isomer, or a mixture
of Z and E isomers. Some formulae may include a dashed
bond "rzrrr" to indicate a single or a double bond.
"Substituted" groups are those in which one or more
hydrogen atoms have been replaced with one or more
non-hydrogen atoms or groups, provided that valence
requirements are met and that a chemically stable
compound results from the substitution. "About" or
"approximately," when used in connection with a
measurable numerical variable, refers to the indicated
value of the variable and to all values of the
variable that are within the experimental error of the
indicated value (e.g., within the 95% confidence
interval for the mean) or within 10 percent of the
indicated value, whichever is greater. "Alkyl" refers
to straight chain and branched saturated hydrocarbon
groups, generally having a specified number of carbon
atoms (i.e., C1-3 alkyl refers to an alkyl group
having 1, 2 or 3 carbon atoms and C1-6 alkyl refers to
an alkyl group having 1, 2, 3, 4, 5 or 6 carbon
atoms). Examples of alkylgroups include methyl, ethyl,
p-propyl, /-propyl, n-butyl, s-butyl, /-butyl,
f-buty), pent-1-yl, pent-2-yl, pent-3-yl,
3-methylbut-1-yl, 3-methylbut-2-yl, 2-methylbut-2-yl,
2,2,2-trimethyleth-1-yl, n-hexyl, and the like.
"Alkenyl" refers to straight chain and branched
hydrocarbon groups having one or more unsaturated
carbon-carbon bonds, and generally having a specified
number of carbon atoms. Examples of alkenyl groups
include ethenyl, 1-propen-1-yl, 1-propen-2-yl,
2-propen-1-yl, 1-buten-1-yl, 1-buten-2-yl, 3-
buten-1-yl, 3-buten-2-yl, 2-buten-1-y), 2-buten-2-yl,
2-methyl-1-propen-1-yl, 2-methyl-2-propen-1-yl,
1,3-butadien-1-yl, 1,3-butadien-2-yl, and the like.
"Alkynyl" refers to straight chain or branched
hydrocarbon groups having one or more triple
carboncarbon bonds, and generally having a specified
number of carbon atoms. Examples of alkynyl groups
include ethynyl, 1-propyn-1-yl, 2-propyn-1-yl,
1-butyn-1-yl, 3-butyn-1-yl, 3-butyn-2-yl,
2-butyn-1-yl, and the like. "Alkoxy" refers to
alkyl-O- alkenyl-O, and alkynyl-O, where alkyl,
alkenyl, and alkynyl are defined above. Examples of
alkoxy groups include methoxy, ethoxy, -propoxy,
/-propoxy, n-butoxy, sbutoxy, f-butoxy, n-pentoxy,
s-pentoxy, and the like. "Halo," "halogen" and
"halogeno" may be used interchangeably, and refer to
fluoro, chloro, bromo, and iodo. "Haloalkyl,"
"haloalkenyl," "haloalkynyl," and "haloalkoxy," refer,
respectively, to alkyl, alkenyl, alkynyl, and alkoxy,
groups substituted with one or more halogen atoms,
where alkyl, alkenyl, alkynyl, and alkoxy are defined
above. Examples of haloalkyl groups include
trifluoromethyl, trichloromethyl, pentafluoroethyl,
pentachloroethyl, and the like. "Cycloalkyl" refers to
saturated monocyclic and bicyclic hydrocarbon rings,
generally having a specified number of carbon atoms
that comprise the ring (i.e., C3-7 cycloalkyl refers
to a cycloalkyl group having 3, 4, 5, 6 or 7 carbon
atoms as ring members). The cycloalkyl may be attached
to a parent group or to a substrate at any ring atom,
unless such attachment would violate valence
requirements. Likewise, the cycloalkyl groups may
include one or more non-hydrogen substituents unless
such substitution would violate valence requirements.
Useful substituents include alkyl, alkenyl, alkynyl,
haloalkyl, haloalkenyl, haloalkynyl, alkoxy,
alkoxycarbonyl, alkanoyl, and halo, as defined above,
and hydroxy, mercapto, nitro, and amino. Examples of
monocyclic cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, 



and the like. Examples of bicyclic cycloalkyl groups
include bicyclo[1 .1 .Ojbutyl, bicyclo[1 .1 .1Jpentyl,
bicyclo[2.1.0]pentyl, bicyclo[2.1.1]hexyl,
bicyclo[3.1.0]hexyl, bicyclo[2.2.1]heptyl,
bicyclo[3.2.0]hepty),bicyclo[3.1.1]heptyl,
bicyclo[4.1.0]heptyl, bicyclo[2.2.2]octyl,
bicyclo[3.2.1]octyl, bicyclo[4.1.1]octyl,
bicyclo[3.3.0]octyl, bicyclo[4.2.0]octyl,
bicyclo[3.3.1]nonyl, bicyclo[4.2.1]nonyl,
bicyclo[4.3.0]nonyl, bicyclo[3.3.2]decyl,
bicyclo[4.2.2]decyl, bicyclo[4.3.1]decyl,
bicyclo[4.4.0]decyl, bicyclo[3.3.3]undecyl,
bicyclo[4.3.2]undecyl, bicyclo[4.3.3]dodecyl, and the
like. "Cycloalkenyl" refers monocyclic and bicyclic
hydrocarbon rings having one or more unsaturated
carbon-carbon bonds and generally having a specified
number of carbon atoms that comprise the ring (i.e.,
C3.7 cycloalkenyl refers to a cycloalkenyl group
having 3, 4 , 5, 6 or 7 carbon atoms as ring members).
The cycloalkenyl may be attached to a parent group or
to a substrate at any ring atom, unless such
attachment would violate valence requirements.
Likewise, the cycloalkenyl groups may include one or
more non-hydrogen substituents unless such
substitution would violate valence requirements.
Useful substituents include alkyl, alkenyl, alkynyl,
haloalkyl, haloalkenyl, haloalkynyl, alkoxy,
alkoxycarbonyl, alkanoyl, and halo, as defined above,
and hydroxy, mercapto, nitro, and amino. "Aryl" and
"arylene" refer to monovalent and divalent aromatic
groups, respectively, including 5- and 6-membered
monocyclic aromatic groups that contain 0 to 4
heteroatoms independently selected from nitrogen,
oxygen, and sulfur. Examples of monocyclic aryl groups
include phenyl, pyrrolyl, furanyl, thiopheneyl,
thiazolyl, isothiazolyl, imidazolyl, triazolyl,
tetrazolyl, pyrazolyl, oxazolyl, isooxazolyl,
pyridinyl, pyrazinyl, pyridazinyl, pyrimidinyl, and
the like. Aryl and arylene groups aiso include
bicyclic groups, tricyclic groups, etc., including
fused 5- and 6-membered rings described above.
Examples of multicyclic aryl groups include naphthyl,
biphenyl, anthracenyl, pyrenyl, carbazolyl,
benzoxazolyl, benzodioxazolyl, benzothiazolyl,
benzoimidazolyl, benzothiopheneyl, quinolinyl,
isoquinolinyl, indolyl, benzofuranyl, purinyl,
indolizinyl, and the like. They aryl and arylene
groups may be attached to a parent group or to a
substrate at any ring atom, unless such attachment
would violate valence requirements. Likewise, aryl and
arylene groups may include one or more nonhydrogen
substituents unless such substitution would violate
valence requirements. Useful substituents include
alky), alkenyl, alkynyl, haloalkyl, haloalkenyl,
haloalkynyl, cycloalkyl, cycloalkenyl, alkoxy,
cycloalkoxy, alkanoyl, cycloalkanoyl, cycloalkenoyl,
alkoxycarbonyl, cycloalkoxycarbonyl, and halo, as
defined above, and hydroxy, mercapto, nitro, amino,
and alkylamino. "Arylalkyl" refers to aryl-alkyl where
aryl and alkyl are defined above. Examples include
benzyl, fluorenylmethyl, and the like. "Leaving group"
refers to any group that leaves a molecule during a
fragmentation process, including substitution
reactions, elimination reactions, and
addition-elimination reactions. Leaving groups may be
nucleofugal, in which the group leaves with a pair of
electrons that formerly served as the bond between the
leaving group and the molecule, or may be
electrofugal, in which the group leaves without the
pair of electrons. The ability of a nucleofugal
leaving group to leave depends on its basestrength,
with the strongest bases being the poorest leaving
groups. Common nucleofugal leaving groups include
nitrogen (e.g., from diazonium salts); sulfonates,
including alkylsulfonates (e.g., mesylate),
fluoroalkylsulfonates (e.g., triflate, hexaflate,
nonaflate, and tresylate), and arylsulfonates (e.g.,
tosylate, brosylate, closylate, and nosylate). Others
include carbonates, halide ions, carboxylate anions,
phenolate ions, and alkoxides. Some stronger bases,
such as NH2 and OH" can be made better leaving groups
by treatment with an acid. Common electrofugal leaving
groups include the proton, CO2, and metals.
"Enantiomeric excess" or "ee" is a measure, for a
given sample, of the excess of one enantiomer over a
racemic sample of a chiral compound and is expressed
as a percentage. Enantiomeric excess is defined as 100
x (er - 1) / (er + 1), where "er" is the ratio of the
more abundant enantiomer to the less abundant
enantiomer. "Diastereomeric excess" or "de" is a
measure, for a given sample, of the excess of one
diastereomer over a sample having equal amounts of
diastereomers and is expressed as a percentage.
Diastereomeric excess is defined as 100 x (dr - 1) /
(dr + 1), where "dr" is the ratio of a more abundant
diastereomer to a less abundant diastereomer.
"Stereoselective," "enantioselective,"
"diastereoselective," and variants thereof, refer to a
given process (e.g., hydrogenation) that yields more
of one stereoisomer, enantiomer, or diastereoisomer
than of another, respectively. "High level of
stereoselectivity," "high level of
enantioselectivity," "high level of
diastereoselectivity," and variants thereof, refer to
a given process that yields products having an excess
of one stereoisomer, enantiomer, or diastereoisomer,
which comprises at least about 90% of the products.
For a pair of enantiomers or diastereomers, a high
level of enantioselectivity or diastereoselectivity
would correspond to an ee or de of at least about 80%.
"Stereoisomerically enriched," "enantiomerically
enriched," "diastereomerically enriched," and variants
thereof, refer, respectively, to a sample of a
compound that has more of one stereoisomer, enantiomer
or diastereomer than another. The degree of enrichment
may be measured by % of total product, or for a pair
of enantiomers or diastereomers, by ee or de.
"Stereoisomers" of a specified compound refer to the
opposite enantiomer of the compound and to any
diastereoisomers or geometric isomers (Z/) of the
compound. For example, if the specified compound has
S,R,Z stereochemical configuration, its stereoisomers
would include its opposite enantiomer having 1S Z
configuration, its diastereomers having S S Z
configuration and R,R,Z configuration, and its
geometric isomers having S R1E configuration, R1S E
configuration, S,S,E configuration, and R R1E
configuration. "Substantially pure stereoisomer,"
"substantially pureenantiomer," "substantially pure
diastereomer," and variants thereof, refer,
respectively, to a sample containing a stereoisomer,
enantiomer, or diastereomer, which comprises at least
about 95% of the sample. For pairs of enantiomers and
diastereomers, a substantially pure enantiomer or
diastereomer would correspond to samples having an ee
or de of about 90% or greater. A "pure stereoisomer,"
"pure enantiomer," "pure diastereomer," and variants
thereof, refer, respectively, to a sample containing a
stereoisomer, enantiomer, or diastereomer, which
comprises at least about 99.5% of the sample. For
pairs of enantiomers and diastereomers, a pure
enantiomer or pure diastereomer" would correspond to
samples having an ee or de of about 99% or greater.
"Opposite enantiomer" refers to a molecule that is a
non-superimposable mirror image of a reference
molecule, which may be obtained by inverting all of
the stereogenic centers of the reference molecule. For
example, if the reference molecule has S absolute
stereochemical configuration, then the opposite
enantiomer has R absolute stereochemical
configuration. Likewise, if the reference molecule has
S1S absolute stereochemical configuration, then the
opposite enantiomer has R1R stereochemical
configuration, and so on. "Enantioselectivity value"
or "E" refers to the ratio of specificity constants
for each enantiomer (or for each stereoisomer of a
pair of diastereomers) of a compound undergoing
chemical reaction or conversion and may be calculated
(for the S-enantiomer) from the expression, E _ K /K
ln[l-c(l +eep)|_ ln[l- c(l-ee s)] KR/K ln[l-c(l-ee p)]
ln[l-c(l +ees )]' where Ks and K are the 1st order
rate constants for the conversion of the S- and
R-enantiomers, respectively; KSMand K M are the
Michaelis constants for the S- and /?-enantiomers,
respectively; c is the fractional conversion of the
substrate; eep and ees are the enantiomeric excess of
the product and substrate (reactant), respectively.
"Lipase Unit" or "LU" refers to the amount of enzyme
(in g) that liberates 1 mmol of titratable butyric
acid/min when contacted with tributyrin and an
emulsifier (gum arabic) at 300C and pH 7. "Solvate"
refers to a molecular complex comprising a disclosed
or claimed compound and a stoichiometric or
non-stoichiometric amount of one or more solvent
molecules (e.g., ethanol). "Hydrate" refers to a
solvate comprising a disclosed or claimed compound and
a stoichiometric or non-stoichiometric amount of
water. "Pharmaceutically acceptable complexes, salts,
solvates, or hydrates" refers to complexes, acid or
base addition salts, solvates or hydrates of claimed
and disclosed compounds, which are within the scope of
sound medical judgment, suitable for use in contact
with the tissues of patients withoutundue toxicity,
irritation, allergic response, and the like,
commensurate with a reasonable benefit/risk ratio, and
effective for their intended use. "Pre-catalyst" or
"catalyst precursor" refers to a compound or set of
compounds that are converted into a catalyst prior to
use. "Treating" refers to reversing, alleviating,
inhibiting the progress of, or preventing a disorder
or condition to which such term applies, or to
preventing one or more symptoms of such disorder or
condition. "Treatment" refers to the act of
"treating," as defined immediately above. Table 1
lists abbreviations used throughout the specification.
TABLE 1. List of Abbreviations Abbreviation
Description Ac acetyl ACN acetonitrile Ac2O acetic
anhydride aq aqueous (RR)-BDPP
(2R,4R)-(+)-2,4-bis(diphenylphosphino)pentane 



BES L/,L/-bis(2-hydroxyethyl)-2-aminoethanesulfonic
acid (R)-BICHEP
(R)-(-)-2,2'-bis(dicyclohexylphosphino)-6,6'-dimethyl-
1,1'-biphenyl BICINE L/,L/-bis(2-hydroxyethyl)glycine
(S S)-BICP (2S,2'S)-bis(diphenylphosphino)-(1
S,1'S)-bicyclopentane BIFUP
2,2'-bis(diphenylphosphino)-4,4',6,6'-tetrakis(trifluo
romethyl)-1,1'~ biphenyl (R)-ToI-BINAP
(R)-(+)-2,2'-bis(di-p-tolylphosphino)-1 ,1'-binaphthyl
(S)-ToI-BINAP
(S)-(+)-2,2'-bis(di-p-tolylphosphino)-1,1'-binaphthyl
(R)-BINAP (R)-2,2'-bis(diphenylphosphino)-1'1
-binaphthyl (S)-BINAP
(S)-2,2'-bis(diphenylphosphino)-1'1-binaphthyl BIPHEP
2,2'-bis(diphenylphosphino)-1 ,1'-biphenyl
(R)-MeO-BIPHEP
(R)-(6,6'-dimethoxybiphenyl-2,2'-diyl)-bis(diphenylpho
sphine) (R)-CI-MeO-BIPHEP
(R)-(+)-5,5'-dichloro-6,6'-dimethoxy-2,2'-bis(diphenyl
phosphino)- 1,1 '-biphenyl (S)-CI-MeO-BIPHEP
(S)-(+)-5,5'-dichloro-6,6'-dimethoxy-2,2'-bis(dipheny!
phosphino)- 1,1 '-biphenyl BisP*
(S,S)-1,2-bis(f-butylmethylphosphino)ethane
(+)-tetraMeBITIANP
(S)-(+)-2,2'-bis(diphenylphosphino)-4,4',6,6'-tetramet
hyl-3,3'- bibenzo[fa]thiophene Bn benzyl BnBr, BnCI
benzylbromide, benzylchlorideAbbreviation Description
Boc f-butoxycarbonyl BOP
benzotriazol-1-yloxy-tris-(dimethylamino)-phosphonium
hexafluorophosphate (R)-(S)-BPPFA (-)-(R)- L/
,L/-dimethyl-1-((S)-r,2-
bis(diphenylphosphino)ferrocenyl)ethylamine (R
R)-Et-BPE
(+)-1,2-bis((2R,5i)-2,5-diethylphospholano)ethane
(R1R)-Me-BPE
(+)-1,2-bis((2R,5R)-2,5-dimethylphospholano)ethane
(S1S)-BPPM
(-)-(2S,4S)-2-diphenylphosphinomethyl-4-diphenylphosph
ino-1-- butoxycarbonylpyrrolidine Bs brosyl or
p-bromo-benzenesulfonyl Bu butyl n-BuLi /7-butyl
lithium t-Bu tertiary butyl Bu4N+Br
tetrabutyl-ammonium bromide f-BuOK potassium
tertiary-butoxide f-BuOLi lithium tertiary-butoxide
f-BuOMe tertiary butyl methyl ether f-BuONa sodium
tertiary butyl oxide (+)-CAMP
(R)-(+)-cyclohexyl(2-anisyl)methylphosphine; a
monophosphine CARBOPHOS
methyl-a-D-glucopyranoside-2,6-dibenzoate-3,4-di(bis(3
,5- dimethylphenyl)phosphinite) Cbz benzyloxycarbonyl
CDI L/ ,L/-carbonyldiimidazole X fractional conversion
CnTunaPHOS 2,2'-bis-diphenylphosphanyl-biphenyl having
an -O- (CH2)n-Ogroup linking the 6,6' carbon atoms of
the biphenyl (e.g., (R)-1,14-
bis-diphenylphosphanyl-6,7,8,9-tetrahydro-5,
10-dioxadibenzo[ a,c]cyclodecene for n=4). COD
1,5-cyclooctadiene (R)-CYCPHOS (R)-1
,2-bis(diphenylphosphino)-1 -cyclohexylethane DABCO
1,4-diazabicyclo[2.2.2]octane DBAD di-f-butyl
azodicarboxylate DBN 1,5-diazabicyclo[4.3.0]non-5-ene
DBU 1,8-diazabicyclo[5.4.0]undec-7-ene DCC
dicycohexylcarbodiimide de diastereomeric excess DEAD
diethyl azodicarboxylateAbbreviation Description R
R)-DEGUPHOS
L/-benzy!-(3R,4R)-3,4-bis(diphenylphosphir"o)pyrrolidi
rie DIAD diisopropyl azodicarboxylate (R R)-DIOP
(4R,5R)-(-)-O-isopropylidene-2,3-dihydroxy-1,4-
bis(diphenylphosphino)butane (R1R)-DIPAMP
(R,R)-(-)-1,2-bis[(O-methoxyphenyl)(phenyl)phosphino]e
thane DIPEA diisopropylethylamine (Hnig's Base) DMAP
4-(dimethylamino) pyridine DMF dimethylformamide DMSO
dimethylsulfoxide DMT-MM
4-(4,6-dimethoxy-1,3,5-tria2in-2-yl)-4-methylmorpholin
ium chloride (R R)-Et-DUPHOS
(-)-1,2-bis((2R,5R)-2,5-diethylphospholano)benzene (S
S)-Et-DUPHOS
(-)-1,2-bis((2S,5S)-2,5-diethylphospriolano)benzene (R
R)-Z-Pr-DUPHOS
(+)-1,2-bis((2R,5R)-2,5-di-/-propylphospholano)benzene
(R1R)-Me-DUPHOS
(-)-1,2-bis((2R,5R)-2,5-dimethy!phospholano)benzene
(S1S)-Me-DUPHOS
(-)-1,2-bis((2S,5S)-2,5-dimethylphospholano)benzene E
Enantioselectivity value or ratio of specificity
constants for each enantiomer of a compound undergoing
chemical reaction or conversion EDCI
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide ee (eep
or ees) enantiomeric excess (of product or reactant)
eq equivalents er enantiomeric ratio Et ethyl Et3N
triethyl-amine EtOAc ethyl acetate Et2O diethyl ether
EtOH ethyl alcohol FDPP pentafluorophenyl
diphenylphosphinate (R,R)-Et-FerroTANE
1,1'-bis((2R,4R)-2,4-diethylphosphotano)ferrocene Fmoc
9-fluoroenylmethoxycarbonyl GC gas chromatography h,
min, s hour(s), minute(s), second(s) HEPES
4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid
HOAc acetic acid HOAt 1-hydroxy-7-azabenzotriazole
HOBt L/-hydroxybenzotriazole HODhbt
3-hydroxy-3,4-dihydro~4-oxo-1,2, 3-benzotriazine HPLC
high performance liquid chromatographyAbbreviation
Description IAcOEt ethyl iodoacetate IPA isopropanol
/-PrOAc isopropyl acetate (RMR)-JOSIPHOS
(R)-(-)-H(K)-2-
(diphenylphosphino)ferrocenyl]ethyldicyclohexylphosphi
ne (S)-(S)-JOSIPHOS (S)-(-)-1-[(S)-2-
(diphenylphosphinojferrocenyljethyldicyclohexylphosphi
ne (R)-(S)-JOSIPHOS (R)-(-)-1-[(S)-2-
(diphenylphosphinojferrocenyflethyldicyclohexylphosphi
ne KHMDS potassium hexamethyldisilazane KF Karl
Fischer Ks, Ks 1st order rate constant for S- or
R-enantiomer KsM> KRM Michaelis constant for S- or
R-enantiomer LAH lithium aluminum hydride LC/MS liquid
chromatography mass spectrometry LDA lithium
diisopropylamide LHMDS lithium hexamethyldisilazane 



LICA lithium isopropylcyclohexylamide LTMP
2,2,6,6-tetramethylpiperidine LU lipase unit Me methyl
MeCI2 methylene chloride MeI methyl iodide MEK
methylethylketone or butan-2-one MeOH methyl alcohol
MeONa sodium methoxide MES 2-morpholinoethanesulfonic
acid (R,RH-butyl-miniPHOS (R
R)-1,2-bis(di-f-butylmethylphosphino)methane (S S)
MandyPhos
(S,S)-(-)-2,2'-bis[(R)-(/\/,/V-dimethylamino)
(phenyl)methyl]-1,1'- bis(diphenylphosphino)ferrocene
(R)-MonoPhos
(R)-(-)-[4,L/,L/-dimethylamino]dinaphtho[2, 1-d:1
',2'- f][1 ,3,2]dioxaphosphepin (R)-MOP
(R)-(+)-2-(diphenylphosphino)-2'-methoxy-1
,1'-bipaphthyl MOPS 3-(L/-morpholino)propanesulfonic
acid MPa mega Pascals mp melting point Ms mesyl or
methanesulfonyl MTBE methyl tertiary butyl
etherAbbreviation Description NMP L/-methylpyrrolidone
Ns nosyl or nitrobenzene sulfonyl (RR)-NORPHOS
(2R,3R)-(-)-2,3-bis(diphenylphosphino)bicyclo[2.2.1]he
pt-5-ene OTf triflate (trifluoro-methanesulfonic acid
anion) PdCI2(ClPPf)2 dichloro[1,1'-bis(diphenyl
rhosphino)ferrocene]palladium (II) dichloromethane
adduct (R1S1R S)-Me-PENNPHOS
(1R,2S,4R,5S)-2,5-dimethyl-7-phosphadicyclo[2.2.1]hept
ane Ph phenyl Ph3P triphenylphosphine Ph3As
triphenylarsine (R)-PHANEPHOS
(R)-(-)-4,12-bis(diphenylphosphino)-[2.2]~paracyclopha
ne (S)-PHANEPHOS
(S)-(-)-4,12-bis(diphenylphosphino)-[2.2]-paracyclopha
ne (R)-PNNP L/,/^bis[(R)-(+)- a-methylbenzyl]- L/,L/'-
bis(diphenylphosphino)ethylene diamine PPh2-PhOx-Ph
(R)-(-)-2-[2-(diphenylphosphino)phenyl]-4-phenyl-2-oxa
zo ne PIPES piperazine-1 ,4-bis(2-ethanesulfonic acid)
Pr propyl /-Pr isopropyl (R)-PROPHOS
(R)-(+)-1,2-bis(diphenylphosphino)propane PyBOP
benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate (R)-QUINAP (R)-(+)-1
-(2-diphenylphosphino-1 -naphthyl)isoquinoline RaNi
Raney nickel Rl refractive index RT room temperature
(approximately 20C to 250C) s/c substrate-to-catalyst
molar ratio sp species (R)-SpirOP
(1R,5R,6R)-spiro[4.4]nonane-1
,6-diyl-diphenylphosphinous acid ester; a spirocyc c
phosphinite ligand (R1R1S1S) TangPhos (R1R S1S)
1,1'-di-f-butyl-[2,2']biphospholanyl TAPS
L/-[tris(hydroxymethyl)methyl]-3-aminopropanesulfonica
cid TATU O-(7-azabenzotriazol-1-yl)-1 ,1
,3,3-tetramethyluronium tetrafluoroborate (R)-eTCFP
(R)-2-{[(di-f-butyl-phosphanyl)-ethyl]-methyl-phosphan
yl}-2- methyl-propane (S)-eTCFP
(S)-2-{[(di--butyl-phosphanyl)-ethyl]-methyl-phosphany
l}-2- methyl-propaneAbbreviation Description (R)-mTCFP
(R)-2-{[(di
butyl-phosphanyl)-methyl]-methyl-phosphanyl}-2-
methyl-propane (S)-mTCFP
(S)-2-{[(di-f-butyl-phosphanyl)-methyl]-methyl-phospha
nyl}-2- methyl-propane TEA triethanolamine TES
L/-[tris(hydroxymethyl)methyl]-2-aminoethanesulfonicac
icl Tf triflyl or trifluoromethylsuifonyl TFA
trifluoroacetic acid THF tetrahydrofuran TLC
thin-layer chromatography TMEDA
L/,L/,L/',L/'-tetramethyl-1,2-ethylenediamine TMS
trimethylsilyl Tr trityl or triphenylmethyl TRICINE
L/-[tris(hydroxymethyl)methyrjglycine Tris buffer
tris(hydroxymethyl)aminomethane buffer TRITON B
benzyltrimethylammonium hydroxide TRIZMA(r)
2-amino-2~(hydroxymethyl)-1,3-propanedio) Ts tosyl or
p-toluenesulfonyl p-TSA para-toluene sulfonic acid v/v
volume percent w/w weight (mass) percent Some of the
schemes and examples below may omit details of common
reactions, including oxidations, reductions, and so
on, separation techniques, and analytical procedures,
which are known to persons of ordinary skill in the
art of organic chemistry. The details of such
reactions and techniques can be found in a number of
treatises, including Richard Larock, Comprehensive
Organic Transformations (1999), and the multi-volume
series edited by Michael B. Smith and others,
Compendium of Organic Synthetic Methods (1974-2005).
In many cases, starting materials and reagents may be
obtained from commercial sources or may be prepared
using literature methods. Some of the reaction schemes
may omit minor products resulting from chemical
transformations (e.g., an alcohol from the hydrolysis
of an ester, CO2 from the decarboxylation of a diacid,
etc.). In addition, in some instances, reaction
intermediates may be used in subsequent steps without
isolation or purification (i.e., in situ). In some of
the reaction schemes and examples below, certain
compounds can be prepared using protecting groups,
which prevent undesirable chemical reaction at
otherwise reactive sites. Protecting groups may also
be used to enhance solubility or otherwise modify
physical properties of a compound. For a discussion of
protecting group strategies, a description of
materials and methodsfor installing and removing
protecting groups, and a compilation of useful
protecting groups for common functional groups,
including amines, carboxylic acids, alcohols, ketones,
aldehydes, and the like, see T. W. Greene and P. G.
Wuts, Protecting Groups in Organic Chemistry (1999)
and P. Kocienski, Protective Groups (2000), which are
herein incorporated by reference in their entirety for
all purposes. Generally, the chemical transformations
described throughout the specification may be carried
out using substantially stoichiometric amounts of
reactants, though certain reactions may benefit from
using an excess of one or more of the reactants.
Additionally, many of the reactions disclosed
throughout the specification may be carried out at
about room temperature and ambient pressure, but
depending on reaction kinetics, yields, and the like,
some reactions may be run at elevated pressures or
employ higher (e.g., reflux conditions) or lower
(e.g., -70C to 00C) temperatures. Many of the chemical
transformations may also employ one or more compatible
solvents, which may influence the reaction rate and
yield. Depending on the nature of the reactants, the
one or more solvents may be polar protic solvents
(including water), polar aprotic solvents, non-polar
solvents, or some combination. Any reference in the
disclosure to a stoichiometric range, a temperature
range, a pH range, etc., whether or not expressly
using the word "range," also includes the indicated
endpoints. Generally, and unless stated otherwise,
when a particular substituent identifier (R1, R2, R3,
etc.) is defined for the first time in connection with
a formula, the same substituent identifier, when used
in a subsequent formula, will have the same definition
as in the earlier formula. Thus, for example, if R30
in a first Formula 1 is hydrogen, halogeno, or C1
alkyl, then unless stated differently or otherwise 



clear from the context of the text, R30 in a second
Formula 1 is also hydrogen, halogeno, or C alkyl. This
disclosure concerns materials and methods for
preparing optically active g-amino acids of Formula 1,
above, as well as their stereoisomers (e.g.,
diastereomers and opposite enantiomers) and their
pharmaceutically acceptable complexes, salts, solvates
and hydrates. The claimed and disclosed methods
provide compounds of Formula 1 (or their
stereoisomers) that are stereoisomerically enriched,
and which in many cases, are pure or substantially
pure stereoisomers. For clarity, the specification
describes methods and materials for preparing
intermediates and final products having specific
stereochemical configurations. However, by using
starting materials, resolving agents, chiral
catalysts, enzymes, and the like, having different
stereochemical configurations, the methods may be used
to prepare the corresponding diastereomers and
opposite enantiomers of the disclosed products and
intermediates. The compounds of Formula 1 have at
least two stereogenic centers, as denoted by wedged
bonds, and include substituents R1, R2, and R3, which
are defined above. Compounds of Formula 1 include
those in which R1 and R2 are each independently
hydrogen or methyl, provided that R1 and R2 are not
both hydrogen, and those in which R3 is Ci_8 alkyl,
including methyl, ethyl, n-propyl or /-propyl.
Representative compounds of Formula 1 also include
those in which R1 is hydrogen, R2 is methyl, and R3 is
methyl, ethyl, n-propyl, or /-propyl, i.e.,
(3S,5R)-3-aminomethyl-5-mef.hyl-heptanoic
acid,(3S,5R)-3-aminomethyl-5-methyl-octanoic acid,
(3S,5R)-3-aminomethyl-5-methyl-nonanoic acid, or
(3S,5R)-3-aminomethyl-5,7-dimethyl-octanoic acid.
Representative diastereomers of the latter compounds
are (3R,5R)-
or(3S,5S)-3-aminomethyl-5-methyl-heptanoic acid,
(3R,5R) or (3S,5S)-3- aminomethyl-5-methyl-octanoic
acid, (3R,5R) or
(3S,5S)-3-aminomethyl-5-methyl-nonanoic acid, and
(3R.5R) or
(3S,5S)-3-aminometriyl-5,7-dimethyl-octanoicacid;
representative opposite enantiomers are (S
SJ-S-aminomethyl- -methyl-heptanoic acid,
(3R,5S)-3-aminomethyl-5-methyl-octanoic acid, (SR.
S^S-aminomethyl- d-methyl-nonanoic acid, and
(3R,5S)-3-aminomethyl-5,7-dimethyl-octanoic acid.
Scheme I shows two methods for preparing compounds of
Formula 1. The methods include reacting a chiral
alcohol (Formula 2) with an activating agent (Formula
3). The resulting activated alcohol (Formula 4) is
reacted with a 2-cyano succinic acid diester (Formula
5) to provide a 2-alkyl-2-cyano succinic acid diester
(Formu)a Q) having a second stereogenic center, which
is represented by wavy bonds. The ester moiety that is
directly attached to the second asymmetric carbon atom
(see Formula 6) is subsequently cleaved to give a
3-cyano carboxylic acid ester (Formula 7), which is
converted to the desired final product (Formula 1)
through contact with either a resolving agent or an
enzyme. In the former method, the ester (Formula 7) is
hydrolyzed to give a 3-cyano carboxylic acid (Formula
8) or salt. Reduction of the cyano moiety (see Formula
8) gives, upon acidification (if necessary), a g-amino
acid (Formula 9) which is resolved via contact with a
resolving agent (e.g., a chiral acid), followed by
separation of the desired diastereomeric salt or free
amino acid (Formula 1). Alternatively, one
diastereomer of the monoester (Formula 7) is
diastereoselectively hydrolyzed through contact with
an enzyme, which results in a mixture enriched in a
3-cyano carboxylic acid or ester having the requisite
stereochemical configuration at C-3 (Formula 10). The
ester or acid (Formula 10) is separated from the
undesirable diastereomer (Formula 11) and is
hydrolyzed (if necessary) to give a pure, or
substantially pure, diastereomer of 3-cyano carboxylic
acid (Formula 10a), or is alternatively converted to a
salt. Reduction of the cyano moiety gives, upon acid
workup (if necessary), the compound of Formula
1.Cleave Ester Hydrolyze Ester 1. Resolving Agent
Enzyme 2. Separate Diastereoisomers H2O 1. Reduce CN
1. Isolate 10 2. Acidify 2. Hydrolyze (if needed)
Ester (if needed) 1. 2. 12 Scheme I Substituents R1,
R2, and R3 in Formula 2, 4, and 6-12 are as defined
for Formula 1, above; substituent R4 in Formula 3 is
selected from tosyl, mesyl, brosyl, closyl
(p-chloro-benzenesulfonyl), nosyl, and triflyl;
substituent R5 in Formula 4 is a leaving group (e.g.,
R4O-); and substituent X1 in Formula 3 is halogeno
(e.g., Cl) or R4O-. Substituents R6 and R7 in Formula
5-7 are each independently selectedfrom C1-6 alkyl,
C2-6 alkenyl, C2.6 alkynyl, C3.7 cycloalkyl, C3-7
cycloalkenyl, halo-C 1-6 alkyi, halo- C2-6 alkenyl,
halo-C2-6 alkynyl, aryl-Ci. 6 alkyl, aryl-C 2.6
alkenyl, and aryl-C2-6 alkynyl. Substituents R8 and R9
in Formula 10 and 11 are each independently selected
from hydrogen, Ci-6 alkyl, C2-6 alkenyl, C2.6 alkynyl,
C3.7 cycloalkyl, C3.7 cycloalkenyl, halo-Ci -6 alkyl,
halo-C2-6 alkenyl, halo-C2-6 alkynyl, aryl- C-I-6
alkyl, aryl-C 2-6 alkenyl, and aryl-C 2.6 alkynyl.
Each of the aforementioned aryl moieties may be
optionally substituted with from one to three
substituents independently selected from C1-3 alkyl,
C1-3 alkoxy, amino, C1-3 alkylamino, and halogeno. X
is a suitable counterion; preferably an alkali metal;
more preferably sodium. The chiral alcohol (Formula 2)
shown in Scheme I has a stereogenic center at C-2, as
denoted by wedge bonds, and includes substituents R1,
R2, and R3, which are as defined above. Compounds of
Formula 2 include those in which R1 and R2 are each
independently hydrogen or methyl, provided that R1 and
R2 are not both hydrogen, and those in which R3 is C1
6 alkyl, including methyl, ethyl, n-propyl or
/-propyl. Representative compounds of Formula 2 also
include those in which R1 is hydrogen, R2 is methyl,
and R3 is methyl, ethyl, n-propyl, or /-propyl, i.e.,
(R)-2-methyl-butan-1-ol, (R)-2-methylpentan- 1-ol,
(R)-2-methyl-hexan-1-ol, or
(R)-2,4-dimethyl-pentan-1-ol. Representative opposite
enantiomers of the latter compounds are
(S)-2-methyl-butan-1-ol, (S)-2-methyl-pentan-1-ol,
(S)-2- methyl-hexan-1-ol, and
(S)-2,4-dimethyl-pentan-1-ol. As shown in Scheme I,
the hydroxy moiety of the chiral alcohol (Formula 2)
is activated via reaction with a compound of Formula
3. The reaction is typically carried out with excess
(e.g., about 1.05 eq to about 1.1 eq) activating agent
(Formula 3) at a temperature of about -25C to about
room temperature. Useful activating agents include
sulfonylating agents, such as TsCI, MsCI, BsCI, NsCI,
TfCI, and the like, and their corresponding anhydrides
(e.g., p-toluenesulfonic acid anhydride). Thus, for
example, compounds of Formula 2 may be reacted with
TsCl in the presence of pyridine and an aprotic
solvent, such as EtOAc, MeCI2, ACN, THF, and the like,
to give (R)-toluene-4-suifonic acid 2- methyl-butyl
ester, (R)-toluene-4-sulfonic acid 2-methyl-pentyl
ester, (R)-toluene-4-sulfonic acid 2- methyl-hexyl
ester, and (R)-toluene-4-sulfonic acid
2,4-dimethyl-pentyl ester. Likewise, compounds of
Formula 2 may be reacted with MsCI in the presence of
an aprotic solvent, such as MTBE, toluene, or MeCI2,
and a weak base, such as Et3N, to give
(R)-methanesulfonic acid 2-methyl-butyl ester, (R)-
methanesulfonic acid 2-methyl-pentyl ester,
(R)-methanesulfonic acid 2-methyl-hexyl ester, and
(R)- methanesulfonic acid 2,4-dimethyl-pentyl ester.
Upon activation of the hydroxy moiety, the resulting
intermediate (Formula 4) is reacted with a 2- cyano
succinic acid diester (Formula 5) in the presence of a
base and one or more solvents to give a
2-alkyl-2-cyano succinic acid diester (Formula 6).
Representative compounds of Formula 5 include 2-
cyano-succinic acid diethyl ester. Likewise,
representative compounds of Formula 6 include (2'R)-2-
cyano-2-(2'-methyl-butyl)-succinic acid diethyl ester,
(2'R)-2-cyano-2-(2'-methyl-pentyl)-succinic
aciddiethyl ester,
(2'R)-2-cyano-2-(2'-methy]-hexyl)-succinic acid
diethyl ester, and (2'R)-2-cyano-2-(2',4'-
dimethyl-pentyl)-succinic acid diethyl ester. The
alkylation may be carried out at temperatures that
range from about room temperature to reflux, from
about 700C to 110C, or from about 900C to about 1000C,
using stoichiometric or excess amounts (e.g., about 1
eq to about 1.5 eq) of the base and the diester
(Formula 5). Representative bases include Group 1
metal carbonates (e.g., Cs2CO3 and K2CO3), phosphates
(e.g., K3PO4), and alkoxides (e.g., 21% NaOEt in
EtOH), as well as hindered, non-nucleophilic bases,
such as Et3N, t- BuOK, DBN, DBU, and the like. The
reaction mixture may comprise a single organic phase
or may comprise an aqueous phase, an organic phase,
and a phase-transfer catalyst (e.g., a
tetraalkylammonium salt such as Bu4N+Br ).
Representative organic solvents include polar protic
solvents, such as MeOH1EtOH, /-PrOH, and other
alcohols; polar aprotic solvents, such as EtOAc, /-
PrOAc, THF, MeCI2, and ACN; and non-polar aromatic and
aliphatic solvents, such as toluene, heptane, and the
like. Following alkylation, the ester moiety that is
directly attached to the second asymmetric carbon atom
(see Formula 6) is cleaved to give a 3-cyano
carboxylic acid ester (Formula 7), such as
(5R)-3-cyano- 5-methyl-heptanoic acid ethyl ester,
(5R)-3-cyano-5-methyl-octanoic acid ethyl ester,
(5R)-3-cyano-5- methyl-nonanoic acid ethyl ester, and
(5R)-3-cyano-5,7-dimethyl-octanoic acid ethyl ester.
The ester may be removed by reacting the diester
(Formula 6) with a chloride salt (e.g., LiCI, NaCI,
etc.) in a polar aprotic solvent, such as aqueous
DMSO, NMP, and the like, at a temperature of about
135C or greater (i.e., Krapcho conditions). Higher
temperatures (e.g., 1500C, 1600C, or higher) or the
use of a phase transfer catalyst (e.g., Bu4N+Br" ) may
be used to reduce the reaction times to 24 hours or
less. 



Typically, the reaction employs excess chloride salt
(e.g., from about 1.1 eq to about 4 eq or from about
1.5 eq to about 3.5 eq). As shown in Scheme I and as
noted above, the 3-cyano carboxylic acid ester
(Formula 7) may be converted to the desired product
(Formula 1) through contact with a resolving agent. In
this method, the ester (Formula 7) is hydrolyzed via
contact with an aqueous acid or base to give a 3-cyano
carboxylic acid (Formula 8) or salt. For example, the
compound of Formula 7 may be treated with HCI, H2SO4,
and the like, and with excess H2O to give the
carboxylic acid of Formula 8. Alternatively, the
compound of Formula 7 may be treated with an aqueous
inorganic base, such as LiOH, KOH, NaOH, CsOH, Na2CO3,
K2CO3, Cs2CO3, and the like, in an optional polar
solvent (e.g., THF, MeOH, EtOH, acetone, ACN, etc.) to
give a base addition salt, which may be treated with
an acid to generate the 3-cyano carboxylic acid
(Formula 8). Representative compounds of Formula 8
include (5R)-3- cyano-5-methyl-heptanoic acid,
(5R)-3-cyano-5-methyl-octanoic acid,
(5R)-3-cyano-5-methylnonanoic acid, and
(5R)-3-cyano-5,7-dimethyl-octanoic acid, and their
salts.The cyano moiety of the carboxylic acid (Formula
8), or of its corresponding salt, is subsequently
reduced to give, upon acid workup if necessary, a
g-amino acid (Formula 9). The penultimate free acid
may be obtained by treating a salt of the g-amino acid
with a weak acid, such as aq HOAc. Representative
compounds of Formula 9 include
(5R)-3-aminomethyl-5-methyl-heptanoic acid, (5R)-
3-aminomethyl-5-methyl-octanoic acid,
(5R)-3-aminomethyl-5-methyl-nonanoic acid, and (5R)-3-
aminomethyl-5,7-dimethyl-octanoic acid, and their
salts. The cyano moiety may be reduced via reaction
with H2 in the presence of a catalyst or through
reaction with a reducing agent, such as LiAIH4, BH
-Me2S, and the like. In addition to Raney nickel and
other sponge metal catalysts, potentially useful
catalysts include heterogeneous catalysts containing
from about 0.1% to about 20%, or from about 1% to
about 5%, by weight, of transition metals such as Ni,
Pd, Pt, Rh, Re, Ru, and Ir, including oxides and
combinations thereof, which are typically supported on
various materials, including AI2O3, C, CaCO3, SrCO 3,
BaSO4, MgO, SiO2, TiO2, ZrO2, and the like. Many of
these metals, including Pd, may be doped with an
amine, sulfide, or a second metal, such as Pb, Cu, or
Zn. Exemplary catalysts thus include palladium
catalysts such as Pd/C, PaVSrCO3, Pd/AI2O3, Pd/MgO,
Pd/CaCO3, Pd/BaSO4, PdO, Pd black, PdCI2, and the
like, containing from about 1% to about 5% Pd, based
on weight. Other catalysts include RhIC, Ru/C, Re/C,
PtO2, Rh/C, RuO2, and the like. The catalytic
reduction of the cyano moiety is typically carried out
in the presence of one or more polar solvents,
including without limitation, water, alcohols, ethers,
esters and acids, such as MeOH1 EtOH, IPA, THF, EtOAc,
and HOAc. The reaction may be carried out at
temperatures ranging from about 5C to about 10O0C,
though reactions at room temperature are common.
Generally, the substrate-to-catalyst ratio may range
from about 1:1 to about 1000:1, based on weight, and
H2 pressure may range from about atmospheric pressure,
0 psig, to about 1500 psig. More typically, the
substrate-to-catalyst ratios range from about 4:1 to
about 20:1 , and H2 pressures range from about 25 psig
to about 150 psig. As shown in Scheme I1the
penultimate g-amino acid (Formula 9) is resolved to
give the desired stereoisomer (Formula 1). The amino
acid (Formula 9) may be resolved through contact with
a resolving agent, such as an enantiomerically pure or
substantially pure acid or base (e.g., S-mandelic
acid, S-tartaric acid, and the like) to yield a pair
of diastereoisomers (e.g., salts having different
solubilities), which are separated via, e.g.,
recrystallization or chromatography. The g-amino acid
having the desired stereochemical configuration
(Formula 1) is subsequently regenerated from the
appropriate diastereomer via, e.g., contact with a
base or acid or through solvent splitting (e.g.,
contact with EtOH, THF, and the like). The desired
stereoisomer may be further enriched through multiple
recrystaliizations in a suitable solvent.Besides using
a resolving agent as described above, the 3-cyano
carboxylic acid ester (Formula 7) may be converted to
the desired product (Formula 1) through contact with
an enzyme. As shown in Scheme I and as discussed
above, one diastereomer of the monoester (Formula 7)
is diastereoselectively hydrolyzed through contact
with an enzyme, which results in a mixture containing
a 3-cyano carboxylic acid (or ester) having the
requisite stereochemical configuration at C-3 (Formula
10) and a 3-cyano carboxylic ester (or acid) having
the opposite (undesired) stereochemical configuration
at C-3 (Formula 11). Representative compounds of
Formula 10 include (3S,5R)-3- cyano-5-methyl-heptanoic
acid, (SS.dRJ-S-cyano- -methyl-octanoic acid,
(3S,5R)-3-cyano-5-methylnonanoic acid, and
(3S,5/?)-3-cyano-5,7-dimethyl-octanoic acid, and salts
thereof, as well as Ci-6 alkyl esters of the
aforementioned compounds, including
(3S,5R)-3-cyano-5-methyl-heptanoic acid ethyl ester,
(3S,5R)-3-cyano-5-methyl-octanoic acid ethyl ester,
(3S,5R)-3-cyano-5-methyl-nonanoic acid ethyl ester,
and (3S,5R)-3-cyano-5,7-dimethyl-octanoic acid ethyl
ester. Exemplary compounds of Formula 1 1 include
(3R,5R)-3-cyano-5-methyl-heptanoic acid,
(3R,5R)-3-cyano-5-methy!-octanoic acid,
(3R,5R)-3-cyano-5-methy!-nonanoic acid, and
(3R,5R)-3-cyano-5,7-dimethyl-octanoic acid, and salts
thereof, as well as C1-6 alkyl esters of the
aforementioned compounds, including (3R,5R)-3-
cyano-5-methyl-heptanoic acid ethyl ester,
(3R,5R)-3-cyano-5-methyl-octanoic acid ethyl ester,
(3R,5R)-3-cyano-5-methyl-nonanoic acid ethyl ester,
and (3R,5R)-3-cyano-5,7-dimethyl-octanoic acid ethyl
ester. The choice of enzyme (biocatalyst) used to
resolve the desired diastereomer (Formula 10) depends
on the structures of the substrate (Formula 7) and the
bioconversion product (Formula 10 or Formula 11). The
substrate (Formula 7) comprises two diastereoisomers
(Formula 13 and Formula 14) having opposite
stereochemical configuration at C-3, In Formula 13 and
Formula 14, substituents R1, R2, and R6 are as defined
for Formula 1 and Formula 5, above. The enzyme
stereoselective^ hydrolyzes one of the two
diastereoisomers (Formula 13 or Formula 14). Thus, the
enzyme may be any protein that, while having little or
no effect on the compound of Formula 13, catalyzes the
hydrolysis of the compound of Formula 14 to give a 3-
cyano carboxylic acid (or salt) of Formula 11.
Alternatively, the enzyme may be any protein that,
while having little or no effect on the compound of
Formula 14, catalyzes the hydrolysis of the compound
of Formula 13 to give a 3-cyano carboxylic acid (or
salt) of Formula 10. Useful enzymes for
diastereoselectively hydrolyzing the compounds of
Formula 13 or Formula 14 to compounds of Formula 10 or
Formula 11, respectively, may thus include hydrolases,
including lipases, certain proteases, and other
stereoselective esterases. Such enzymes may be
obtained from a variety ofnatural sources, including
animal organs and microorganisms. See, e.g., Table 2
for a non-limiting list of commercially available
hydrolases. Table 2 . Commercially Available
Hydrolases Enzyme Trade name Porcine Pancreatic Lipase
Altus 03 CAL-A, lyophilized Altus 11 Candida
lipolytica Lipase Altus 12 CAL-B, lyophilized Altus 13
Geotrichum candidum Lipase Altus 28 Pseudomonas
aroginosa Lipase Altus 50 Pseudomonas sp. Esterase
Amano Cholesterol Esterase 2 Aspergillus niger Lipase
Amano Lipase AS Burkholderia cepacia Lipase Amano
Lipase AH Pseudomonas fluorescens Lipase Amano Lipase
AK 20 Candida rugosa Lipase Amano Lipase AYS Rhizopus
delemar Lipase Amano Lipase D Rhizopus oryzae Lipase
Amano Lipase F-AP 15 Penicillium camembertii Lipase
Amano Lipase G 50 Mucorjavanicus Lipase Amano Lipase
10 Burkholderia cepacia Lipase Amano Lipase PS
Burkholderia cepacia Lipase Amano Lipase PS-SD
Burkholderia cepacia Lipase Amano Lipase PS-C I
Burkholderia cepacia Lipase Amano Lipase PS-C I)
Burkholderia cepacia Lipase Amano Lipase PS-D I
Penicillium roqueforti Lipase Amano Lipase R
Burkholderia cepacia Lipase Amano Lipase S Aspergillus
sp. Protease BioCatalytics 101 Pseudomonas sp. Lipase
BioCatalytics 103 Fungal Lipase BioCatalytics 105
Microbial, lyophilized Lipase BioCatalytics 108 CAL-B
lyophilized BioCatalytics 110 Candida sp. ,
lyophilized BioCatalytics 111 CAL-A, lyophilized
BioCatalytics 112 Thermomyces sp. Lipase BioCatalytics
115 Alcaligines sp. , lyophilized Lipase BioCatalytics
117 Chromobacterium viscosum Lipase Altus 26 CAL-B, L2
Sol Chriazyme L2 Sol 



Candida cylindracea Lipase Ruka 62302 Candida utilis
Lipase Fluka 6Enzyme Trade name Rhizopus niveus Lipase
Sigma L8 Porcine Pancreatic Lipase Sigma L12
Pseudomonas sp. Lipoprotein Lipase Sigma L 13
Thermomuces lanuginosus Lipase Sigma L9 Lipolase
Thermomucqs lanuginosus Lipase Sigma L10 Novo871
Rhizomucor miehei Lipase Sigma L6 Palatase Pseudomonas
species Lipase Sigma L14 Type XIII Wheat Germ Lipase
Sigma L11 Rhizopus arrhizus Lipase Sigma L7 Type Xl
Pancreatic Lipase 250 Valley Research V 1 Trypsin
Protease Altus 33 Chymopapain Protease Altus 38
Bromelain Protease Altus 40 Aspergillus niger Protease
Altus 4 1 Aspergillus oryzae Protease Altus 42
Penicillium sp. Protease Altus 43 Aspergillus sp.
Protease Altus 45 Renin Calf Stomach Protease Sigma
P24 Subtilisin Carlsberg Protease Altus 10 Bacillus
lentus Protease Altus 53 Fungal protease Genencor
Fungal Protease 500,000 Fungal Protease Genencor
Fungal Protease Concentrate Bacterial Protease
Genencor Protex 6L Protease Genencor Protease 899
Bacterial protease Genencor Multifect P3000 Bacterial
protease Genencor Primatan Bacterial protease Genencor
Purafect (4000L) Bacterial protease Genencor Multifect
Neutral Aspergillus niger Protease Amano Acid Protease
A Rhizopus niveus Protease Amano Acid Protease Il
Rhizopus niveus Protease Amano Newlase F Rhizopus
oryzae Protease Amano Peptidase R Bacillus subtilis
Protease Amano Proleather FGF Aspergillus oryzae
Protease Amano Protease A Aspergillus oryzae Protease
Amano Protease M Bacillus subtilis Protease Amano
Protease N Aspergillus melleus Protease Amano Protease
P 10Enzyme Trade name Bacillus stearothermophilus
Protease Amano Protease SG Pig Liver Esterase,
lyophilized BioCat Chirazyme E 1 Pig Liver Esterase,
lyophilized BioCat Chirazyme E2 Streptomyces sp.
Proteases BioCatalytics 118 Tritirachium album
Protease Fluka P6 Proteinase K Bovine Pancreas
Protease Sigma P18 alpha chymotrypsin Streptomyces
griseus Protease Sigma P16 Bacterial Bovine Pancreas
Protease Sigma P21 Beta chymotrypsin Clostridium
histolyticum Protease Sigma P13 Clostripain Bovine
Intestine Protease Sigma P17 Enteropeptidase Porcine
Intestine Protease Sigma P25 Enteropeptidase Bacillus
sp. Protease Sigma P8 Esperase Aspergillus oryzae
Protease Sigma P1 Flavourzyme Bacillus
amyloliquefaciens Protease Sigma P5 Neutrase Carica
papaya Protease Sigma P12 Papain Bacillus
thermoproteolyticus rokko Sigma P10 Protease
Pyrococcus furiosis Protease Sigma P14 Protease S
Bacillus sp. Protease Sigma P9 Savinase Bovine
Pancreas Protease Sigma P19 Type 1 (crude) Bacillus
polymyxa Protease Sigma P7 Type IX Bacillus
licheniformis Protease Sigma P6 Type VIII Aspergillus
saitoi Protease Sigma P3 Type XIII Aspergillus sojae
Protease Sigma PA Type XIX Aspergillus oryzae Protease
Sigma P2 Type XXIII Bacterial Protease Sigma P11 Type
XXIV Rhizopus sp. Newlase Sigma"! 5 Newlase
Aspergillus oryzae Protease Validase FP Concentrate
Pineapple [Ananas comosus & Ananas Bromelian
Concentrate bracteatus (L)] Aspergillus sp. Acylase
Amano Ami Porcine kidney Acylase Sigma A-S2 Acylase I
Penicillin G Acylase Altus 06 Esterase from
Mucormeihei Fluka E5 Candida rugosa Esterase Altus 3 1
Porcine Pancreatic Elastase Altus 35 Cholinesterase,
acetyl Sigma ES8 Cholesterol Esterase BioCatalytics E3
PLE -Ammonium Sulfate BioCatalytics 123Enzyme " ~~
Trade name Rabbit Liver Esterase Sigma ES2 Cholesterol
Esterase Pseudomonas sp. Sigma ES4 As shown in the
Example section, useful enzymes for the
diastereoselective conversion of the cyanosubstituted
ester (Formula 13 or Formula 14) to the carboxylic
acid (or salt) of Formula 10 or Formula 11 include
lipases. Particularly useful lipases for conversion of
the cyano-substituted ester of Formula 14 to a
carboxyiic acid (or salt) of Formula 11 include
enzymes derived from the microorganism Burkholderia
cepacia (formerly Pseudomonas cepacia), such as those
available from Amano Enzyme Inc. under the trade names
PS, PS-SD, PS-C I, PS-C II, PS-D I, and S. These
enzymes are available as free-flowing powder (PS) or
as lyophilized powder (S) or may be immobilized on
ceramic particles (PS-C I and PS-C II) or diatomaceous
earth (PS-D I). They have lypolytic activity that may
range from about 30 KLu/g (PS) to about 2,200 KLu/g
(S). Lipase PS-SD from Amano Enzyme Inc. is a
preferred enzyme for use in the process of the
invention. Particularly useful lipases for the
conversion of the cyano-substituted ester of Formula
13 to a carboxylic acid (or salt) of Formula 10
include enzymes derived from the microorganism
Thermomyces lanuginosus, such as those available from
Novo-Nordisk A/S under the trade name LIPOLASE(r).
LIPOLASE(r) enzymes are obtained by submerged
fermentation of an Aspergillus oryzae microorganism
genetically modified with DNA from Thermomyces
lanuginosus DSM 4109 that encodes the amino acid
sequence of the lipase. LIPOLASE(r) 100L and
LIPOLASE(r) 100T are available as a liquid solution
and a granular solid, respectively, each having a
nominal activity of 100 kLU/g. Other forms of
LIPOLASE(r) include LIPOLASE(r) 5OL, which has half
the activity of LIPOLASE(r) 100L, and LIPOZYME(r)
100L, which has the same activity of LIPOLASE(r) 100L,
but is food grade. Various screening techniques may be
used to identify suitable enzymes. For example, large
numbers of commercially available enzymes may be
screened using high throughput screening techniques
described in the Example section below. Other enzymes
(or microbial sources of enzymes) may be screened
using enrichment isolation techniques. Such techniques
typically involve the use of carbonlimited or
nitrogen-limited media supplemented with an enrichment
substrate, which may be the substrate (Formula 7) or a
structurally similar compound. Potentially useful
microorganisms are selected for further investigation
based on their ability to grow in media containing the
enrichment substrate. These microorganisms are
subsequently evaluated for their ability to
stereoselective^ catalyze ester hydrolysis by
contacting suspensions of the microbial cells with the
unresolved substrate and testing for the presence of
the desired diastereoisomer (Formula 10) using
analytical methods such as chiral HPLC, gas-liquid
chromatography, LC/MS, and the like. Once a
microorganism having the requisite hydrolytic activity
has been isolated, enzyme engineering may be employed
to improve the properties of the enzyme it produces.
For example, and withoutlimitation, enzyme engineering
may be used to increase the yield and the
diastereoselectivity of the 



ester hydrolysis, to broaden the temperature and pH
operating ranges of the enzyme, and to improve the
enzyme's tolerance to organic solvents. Useful enzyme
engineering techniques include rational design
methods, such as site-directed mutagenesis, and in
vitro-directed evolution techniques that utilize
successive rounds of random mutagenesis, gene
expression, and high throughput screening to optimize
desired properties. See, e.g., K. M. Koeller & C-H.
Wong, "Enzymes for chemical synthesis," Nature
409:232-240 (11 Jan. 2001), and references cited
therein, the complete disclosures of which are herein
incorporated by reference. The enzyme may be in the
form of whole microbial cells, permeabilized microbial
cells, extracts of microbial cells, partially purified
enzymes, purified enzymes, and the like. The enzyme
may comprise a dispersion of particles having an
average particle size, based on volume, of less than
about 0.1 mm (fine dispersion) or of about 0.1 mm or
greater (coarse dispersion). Coarse enzyme dispersions
offer potential processing advantages over fine
dispersions. For example, coarse enzyme particles may
be used repeatedly in batch processes, or in
semi-continuous or continuous processes, and may
usually be separated (e.g., by filtration) from other
components of the byconversion more easily than fine
dispersions of enzymes. Useful coarse enzyme
dispersions include cross-linked enzyme crystals
(CLECs) and cross-linked enzyme aggregates (CLEAs),
which are comprised primarily of the enzyme. Other
coarse dispersions may include enzymes immobilized on
or within an insoluble support. Useful solid supports
include polymer matrices comprised of calcium
alginate, polyacrylamide, EUPERGIT(r), and other
polymeric materials, as well as inorganic matrices,
such as CELITE(r). For a general description of CLECs
and other enzyme immobilization techniques, see U.S.
Patent No. 5,618,710 to M. A. Navia & N. L. St. Clair.
For a general discussion of CLEAs, including their
preparation and use, see U.S. Patent Application No.
2003/0149172 to L. Cao & J. Elzinga et al. See also A.
M. Anderson, Biocat. Biotransform, 16:181 (1998) and
P. Lpez-Serrano et al., Biotechnol. Lett. 24:1379-83
(2002) for a discussion of the application of CLEC and
CLEA technology to a lipase. The complete disclosures
of the abovementioned references are herein
incorporated by reference for all purposes. The
reaction mixture may comprise a single phase or may
comprise multiple phases (e.g., a two- or a
three-phase system). Thus, for example, the
diastereoselective hydrolysis shown in Scheme I may
take place in a single aqueous phase, which contains
the enzyme, the substrate (Formula 7), the desired
diastereomer (Formula 10), and the undesired
diastereomer (Formula 11). Alternatively, the reaction
mixture may comprise a multi-phase system that
includes an aqueous phase in contact with a solid
phase (e.g., enzyme or product), an aqueous phase in
contact with an organic phase, or an aqueous phase in
contact with an organic phase and a solid phase. For
example, the diastereoselective hydrolysis may be
carried out in a two-phase system comprised of a solid
phase,which contains the enzyme, and an aqueous phase,
which contains the substrate (Formula 7), the desired
diastereomer (Formula 10), and the undesired
diastereomer (Formula 11). Alternatively, the
diastereoselective hydrolysis may be carried out in a
three-phase system comprised of a solid phase, which
contains the enzyme, an organic phase that contains
the substrate (Formula 7), and an aqueous phase that
initially contains a small fraction of the substrate.
In some cases the desired diastereomer (Formula 10) is
a carboxylic acid which has a lower pKa than the
unreacted ester (Formula 14). Because the carboxylic
acid exhibits greater aqueous solubility, the organic
phase becomes enriched in the unreacted ester (Formula
14) while the aqueous phase becomes enriched in the
desired carboxylic acid (or salt). In other cases the
undesired diastereomer (Formula 11) is a carboxylic
acid, so the organic phase becomes enriched in the
desired unreacted ester (Formula 13) while the aqueous
phase becomes enriched in the undesired carboxylic
acid (or salt). Preferably, the undesired diastereomer
(Formula 11) is selectively hydrolysed to the
carboxylic acid, which is soluble in the aqueous
phase, while the desired diastereomer (ester of
Formula 10) is unreacted and remains in the organic
phase. The amounts of the substrate (Formula 7) and
the biocatalyst used in the stereoselective hydrolysis
will depend on, among other things, the properties of
the particular cyano-substituted ester and the enzyme.
Generally, however, the reaction may employ a
substrate having an initial concentration of about 0.1
M to about 5.0 Wl, and in many cases, having an
initial concentration of about 0.1 M to about 1.0 M.
Additionally, the reaction may generally employ an
enzyme loading of about 1% to about 20%, and in many
cases, may employ an enzyme loading of about 5% to
about 15% (w/w). The stereoselective hydrolysis may be
carried out over a range of temperature and pH. For
example, the reaction may be carried out at
temperatures of about 10C to about 6O0C1 but is
typically carried out at temperatures of about RT to
about 45C. Such temperatures generally permit
substantially full conversion (e.g., about 42 % to
about 50 %) of the substrate (Formula 7) with a de
(3S.5R diastereomer) of about 80% or greater (e.g.,
98%) in a reasonable amount of time (e.g., about 1 h
to about 48 h or about 1 h to about 24 h) without
deactivating the enzyme. Additionally, the
stereoselective hydrolysis may be carried out at a pH
of about 5 to a pH of about 11, more typically at a pH
of about 6 to a pH of about 9, and often at a pH of
about 6.5 to a pH of about 7.5. In the absence of pH
control, the reaction mixture pH will decrease as the
hydrolysis of the substrate (Formula 7) proceeds
because of the formation of a carboxylic acid (Formula
10 or Formula 11). To compensate for this change, the
hydrolysis reaction may be run with internal pH
control (i.e., in the presence of a suitable buffer)
or may be run with external pH control through the
addition of a base. Suitable buffers include sodium
hydrogen carbonate, potassium phosphate, sodium
phosphate, sodium acetate, ammonium acetate, calcium
acetate, BES, BICINE, HEPES, MES, MOPS, PIPES, TAPS,
TES, TRICINE, Tris, TRIZMA(r), or other buffers having
a pKa of about 6 to a pKa of about 9. The buffer
concentration generally ranges from about 5 mM to
about 1 mM, and typically ranges fromabout 50 mM to
about 200 mM. Suitable bases include aqueous solutions
comprised of KOH, NaOH NH4OH, etc., having
concentrations ranging from about 0.5 M to about 15 M,
or more typically, ranging from about 5 M to about 10
M. Other inorganic additives such as calcium acetate
may also be used. Following or during the enzymatic
conversion of the substrate (Formula 7), the desired
diastereomer (Formula 10) is isolated from the product
mixture using standard techniques. For example, in the
case of a single (aqueous) phase batch reaction, the
product mixture may be extracted one or more times
with an organic solvent, such as hexane, heptane,
MeCI2, toluene, MTBE, THF, etc., which separates the
acid (ester) having the requisite stereochemical
configuration at C-3 (Formula 10) from the undesirable
ester (acid) (Formula 11) in the aqueous (organic) and
organic (aqueous) phases, respectively. Alternatively,
in the case of a multi-phase reaction employing
aqueous and organic phases enriched in the acid or
ester, the two diastereomers (Formula 10 and Formula
11) may be separated batch-wise following reaction, or
may be separated semi-continuously or continuously
during the stereoselective hydrolysis. As shown in
Scheme I , once the desired diastereomer (Formula 10)
is isolated from the product mixture, it is optionally
hydrolyzed using conditions and reagents associated
with the ester hydrolysis of the compound of Formula
7, above. The cyano moiety of the resulting carboxylic
acid (Formula 10a), or its corresponding salt, is
subsequently reduced to give, upon acid workup if
necessary, the desired g-amino acid (Formula 1). The
reduction may employ the same conditions and reagents
described above for reduction of the cyano moiety of
the compound of Formula 8 and may be undertaken
without isolating the cyano acid of Formula 10a.
Representative compounds of Formula 10a include
(3S,5f?)-3-cyano-5-methyl-heptanoic acid,
(3S,5R)-3-cyano-5-methyl-octanoic acid,
(3S,5R)-3-cyano-5-methyl-nonanoic acid, and
(3S,5R)-3-cyano-5,7-dimethyl-octanoic acid, and their
salts. As shown in Scheme 1, the desired diastereomer
(Formula 10) may be converted to a suitable salt,
preferably an alkali metal salt. The cyano moiety of
the resulting salt is subsequently reduced to give the
salt of the desired g-amino acid (Formula 1). The
reduction may employ the same conditions and reagents
described above for reduction of the cyano moiety of
the compound of Formula 8. The resulting salt of the
compound of Formula 1 may then be further converted to
the free acid, or to a pharmaceutically acceptable
salt, solvate or hydrate thereof. A preferred salt of
a compound of Formula 10a is the sodium salt of (SS.
/^-S-cyano-S-methyl-octanoic acid. The chiral alcohol
(Formula 2) shown in Scheme I may be prepared using
various methods. For example, the chiral alcohol may
be prepared by stereoselective enzyme-mediated
hydrolysis of a racemic ester using conditions and
reagents described above in connection with the
enzymatic resolution of the compound of Formula 7. For
example, n-decanoic acid 2-methyl-pentyl ester may
behydrolyzed in the presence of a hydrolase (e.g.,
lipase) and water to give a pure (or substantially
pure) chiral alcohol, (R)-2-methyl-pentan-1-ol, which
may be separated from the non-chiral acid and the
unreacted chiral ester (n-decanoic acid and
(S)-pentanoic acid 2-methyl-pentyl ester) by
fractional distillation. The ester substrate may be
prepared from the corresponding racemic alcohol (e.g.,
2- methyl-pentan-1-ol) and acid chloride (e.g.,
p-decanoic acid chloride) or anhydride using methods
known in the art. Alternatively, the chiral alcohol
(Formula 2) may be prepared by asymmetric synthesis of
an appropriately substituted 2-alkenoic acid. For
example, 2-methyl-pent-2-enoic acid (or its salt) may
be hydrogenated in the presence of a chiral catalyst
to give (R)-2-methyl-pentaonic acid or a salt thereof,
which may be reduced directly with LAH to give
(R)-2-methyl-pentan-1-ol or converted to the mixed
anhydride or acid chloride and then reduced with NaBH4
to give the chiral alcohol. Potentially useful 



chiral catalysts include cyclic or acyclic, chiral
phosphine ligands (e.g., monophosphines,
bisphosphines, bisphospholanes, etc.) or phosphinite
ligands bound to transition metals, such as ruthenium,
rhodium, iridium or palladium. Ru-, Rh-, Ir- or
Pd-phosphine, phosphinite or phosphino oxazone
complexes are optically active because they possess a
chiral phosphorus atom or a chiral group connected to
a phosphorus atom, or because in the case of BINAP and
similar atropisomeric ligands, they possess axial
chirality. Exemplary chiral ligands include BisP*;
(R)-BINAPINE; (S)-Me-ferrocene-Ketalphos, (R1R)-DIOP;
(R R)-DIPAMP; (R)-(S)-BPPFA; (S S)-BPPM; (+)-CAMP; (S,
S)-CHIRAPHOS; (R)-PROPHOS; (RR)- NORPHOS; (R)-BINAP;
(R)-CYCPHOS; (R1R)-BDPP; (R R)-DEGUPHOS; (R
R)-Me-DUPHOS; (R,R)- Et-DUPHOS; (R,R)-/-Pr-DUPHOS; (R
R)-Me-BPE; (R R)-Et-BPE (R)-PNNP; (R)-BICHEP; (
1S1RS)- Me-PENNPHOS; (S S)-BICP; (R,R)-Et-FerroTANE;
(R,R)-f-butyl-miniPHOS; (R)-ToI-BINAP; (R)- MOP;
(R)-QUINAP; CARBOPHOS; (R)-(S)-JOSIPHOS;
(R)-PHANEPHOS; BIPHEP; (R)-CI-MeOBIPHEP;
(R)-MeO-BIPHEP; (R)-MonoPhos; BIFUP; (R)-SpirOP;
(+)-TMBTP; (+)-tetraMeBITIANP; (R,R,S,S) TANGPhos;
(R)-PPh 2-PhOx-Ph; (S,S) MandyPhos; (R)-eTCFP;
(R)-mTCFP; and (R)- CnTunaPHOS, where n is an integer
of 1 to 6. Other chiral ligands include
(R)-(-)-1-[(S)-2-(di(3,5-
bistrifluoromethylpheny^phosphinojferrocenyllethyldicy
clohexyl-phosphine;
(R)-(-)-1-[(S)-2-(di(3,5-bistrifluoromethylphenyl)
phosphino)ferrocen-yl]ethyldi(3,5-dimethylphenyl)phosp
hine; (R)-(-)-1-[(S)-2-(dif-
butylphosphino)ferro-cenyl]ethyldi(3,5-dimethylphenyl)
phosphine; (R)-(-)-1-[(S)-2-
(dicydohexylphosphi-no)ferrocenyl]ethyldi-f-butylphosp
hine; (R)-(-)-1-[(S)-2-
(dicyclohexylphosphino)fer-rocenyl]ethyldicyclohexylph
osphine; (R)-(-)-1-[(S)-2-
(dicyclohexylphosphino)ferro-cenyl]ethyldiphenylphosph
ine; (R)-(-)-1-[(S)-2-(di(3,5-dimethyl-4-
methoxyphen-yOphosphinoJferrocenyOethyldicyclohexylpho
sphine; (R)-(-)-1-[(S)-2-(diphenylphosphino)
ferrocenyl]ethyldi--butylphosphine;
(R)-L/-[2-(L/,L/-dimethylamino)ethyl]-
L/-methyl-1-[(S)-1',2-
bis(diphenylphosphino)ferrocenyl]ethylamine;
(R)-(+)-2-[2-(diphenylphosphino)phenyl]-4-(1-methyleth
yl)-4,5-dihydrooxazole;
{1-[((R,R)-2-benzyl-phospholanyl)-phen-2-yl]-(R*,R*)-p
hospholan-2- yl}-phenyl-methane; and {
1-[((R,R)-2-benzyl-phospholanyl)-ethyl]-(R*,
R*)-phospholan-2-yl}-phenylmethane. Useful ligands may
also include stereoisomers (enantiomers and
diastereoisomers) of the chiral ligands described in
the preceding paragraphs, which may be obtained by
inverting all or some of the stereogenic centers of a
given ligand or by inverting the stereogenic axis of
an atropoisomeric ligand. Thus, for example, useful
chiral ligands may also include (S)-CI-MeO-BIPHEP;
(S)-PHANEPHOS; (S S)-Me-DUPHOS; (S S)-Et-DUPHOS;
(S)-BINAP; (S)-ToI-BINAP; (R)-(R)-JOSIPHOS; (S)-(S)-
JOSIPHOS; (S)-eTCFP; (S)-mTCFP and so on. Many of the
chiral catalysts, catalyst precursors, or chiral
ligands may be obtained from commercial sources or may
be prepared using known methods. A catalyst precursor
or pre-catalyst is a compound or set of compounds,
which are converted into the chiral catalyst prior to
use. Catalyst precursors typically comprise Ru, Rh, Ir
or Pd complexed with the phosphine ligand and either a
diene (e.g., norboradiene, COD, (2-methylallyl) 2,
etc.) or a halide (Cl or Br) or a diene and a halide,
in the presence of a counterion, X",such as OTf ", PF6
, BF4 , SbF6 ", CIO4 , etc. Thus, for example, a
catalyst precursor comprised of the complex,
[(bisphosphine ligand)Rh(COD)] +X may be converted to
a chiral catalyst by hydrogenating the diene (COD) in
MeOH to yield [(bisphosphine ligand)Rh(MeOH) 2]+X ~.
MeOH is subsequently displaced by the enamide (Formula
2) or enamine (Formula 4), which undergoes
enantioselective hydrogenation to the desired chiral
compound (Formula 3). Examples of chiral catalysts or
catalyst precursors include (+)-TMBTP-ruthenium(ll)
chloride acetone complex; (S)-
CI-MeO-BIPHEP-ruthenium(ll) chloride Et3N complex;
(S)-BINAP-ruthenium(ll) Br2 complex; (S)-tol-
BINAP-ruthenium(ll) Br2 complex;
[((3R,4R)-3,4-bis(diphenylphosphino)-1-methylpyrrolidi
ne)-rhodium- ( 1,5-cyclooctadiene)]-tetrafluoroborate
complex; [((R R S,S)-TANGPhos)-rhodium(l)-bis(1 ,5-
cyclooctadiene)]-trifluoromethane sulfonate complex;
[(R)-BINAPINE-rhodium-(1,5-cyclooctaidene)]-
tetrafluoroborate complex; [(S)-eTCFP-(1
,5-cyclooctadiene)-rhodium(l)]-tetrafluoroborate
complex; and [(S)-mTCFP-(1
,5-cyclooctadiene)-rhodium(l)]-tetrafluroborate
complex. For a given chiral catalyst and hydrogenation
substrate, the molar ratio of the substrate and
catalyst (s/c) may depend on, among other things, H2
pressure, reaction temperature, and solvent (if any).
Usually, the substrate-to-catalyst ratio exceeds about
100:1 or 200:1, and substrate-to-catalyst ratios of
about 1000:1 or 2000:1 are common. Although the chiral
catalyst may be recycled, higher substrate-to-catalyst
ratios are more useful. For example,
substrate-to-catalyst ratios of about 1000:1 ,
10,000:1, and 20,000:1, or greater, would be useful.
The asymmetric hydrogenation is typically carried out
at about room temperature or above, and under about 10
kPa (0.1 atm) or more of H2. The temperature of the
reaction mixture may range from about 200C to about
8O0C, and the H2 pressure may range from about 10 kPa
to about 5000 kPa or higher, but more typically,
ranges from about 10 kPa to about 100 kPa. The
combination of temperature, H2 pressure, and
substrate-tocatalyst ratio is generally selected to
provide substantially complete conversion (i.e., about
95 wt %) of the substrate (Formula 2 or 4) within
about 24 hours. With many of the chiral catalysts,
decreasing the H2 pressure increases the
enantioselectivity. A variety of solvents may be used
in the asymmetric hydrogenation, including protic
solvents, such as water, IWeOH, EtOH, and APrOH. Other
useful solvents include aprotic polar solvents, such
as THF, ethyl acetate, and acetone. The
stereoselective hydrogenation may employ a single
solvent or may employ a mixture of solvents, such as
THF and MeOH, THF and water, EtOH and water, MeOH and
water, and the like. The compound of Formula 1, or its
diastereoisomers, may be further enriched through,
e.g., fractional recrystallization or chromatography
or by recrystallization in a suitable solvent.
Alternatively, a compound of Formula 10 or 11 may be
prepared as illustrated by Scheme 2. ify 11 10 Scheme
2 wherein R1, R2, R3, R8 and R9 are as defined above;
R4 is selected from tosyl, mesyl, brosyl, closyl
(p-chloro-benzenesulfonyi), nosyl and triflyl,
preferably mesyl; R5 is a suitable leaving group such
as R4O-, preferably mesyl-0-; R6 is C -I 6 alkyl,
preferably methyl; X1 is halageno, preferably chloro
or bromo; R*-X2 is an alkali metal halide, preferably
sodium bromide; and X2 is halogeno, preferably bromo.A
compound of Formula 4 may be prepared from a compound
of Formula 3 by the process described above for Scheme
1 A compound of Formula 19 may be prepared from a
compound of Formula 4 and a compound of Formula 18, by
reacting a stoichiometric or excess amount of a
compound of Formula 18 with a compound of Formula 4
over from 2 to 6 hours, over a temperature range of
from 45C to 900C. The reaction mixture may comprises
of an aqueous phase, an organic phase and a phase
transfer catalyst (eg a tetraalkylammonium salt such
as Bu4N+Br-) Representative organic solvents include
polar aprotic solvents such as TMBE, THF, EtOAc,
iPrOAc and non-polar aromatic solvents such as
toluene. A compound of Formula 7 may be prepared from
a compound of Formula 19 and an orthoester compound of
Formula 20. The alkylation maybe carried out at
temperatures that range from -5C to 5C, using a
stoichiometric or excess amount (e.g. 1 to 1.5
equivalents) of the compound of Formula 20 over from 2
to 12 hours. Representative bases include KOtBu, LDA ,
nBuLi and LiHWIDS using an excess of the base (e.g.
1.2-3 equivalents). The reaction mixture comprises a
single organic solvent (e.g. THF, TBME or Toluene).
The intermediate orthoester product is hydrolysed
during the work-up under acidic conditions, for
example HCI, H2SO4 and the like with excess water to
give the carboxylic ester of the Formula 7. A compound
of Formula 10 or 11 may be prepared from a compound of
Formula 7 through diastereoselective hydrolyzation
with a suitable enzyme, as described above for Scheme
1. Preferably the enzyme is a lipase from the
microorganism Burkholderia cepacia or the
microorganism Thermomyces lanuginosus. Most preferably
the enzyme is a commercially available Burkholderia
cepacia Lipase from Amano Enzyme Inc; most preferably
Lipase PS-SD. As described throughout the
specification, many of the disclosed compounds have
stereoisomers. Some of these compounds may exist as
single enantiomers (enantiopure compounds) or mixtures
of enantiomers (enriched and racemic samples), which
depending on the relative excess of one enantiomer
over another in a sample, may exhibit optical
activity. Such stereoisomers, which are
non-superimposable mirror images, possess a
stereogenic axis or one or more stereogenic centers
(i.e., chirality). Other disclosed compounds may be
stereoisomers that are not mirror images. Such
stereoisomers, which are known as diastereoisomers,
may be chiral or achiral (contain no stereogenic
centers). They include molecules containing an alkenyl
or cyclic group, so that cis/trans (or ZIE)
stereoisomers are possible, or molecules containing
two or more stereogenic centers, in which inversion of
a single stereogenic center generates a corresponding
diastereoisomer. Unless stated or otherwise clear
(e.g., through use of stereobonds, stereocenter
descriptors, etc.) the scope of thepresent invention
generally includes the reference compound and its
stereoisomers, whether they are 



each pure (e.g., enantiopure) or mixtures (e.g.,
enantiomerically enriched or racemic). Some of the
compounds may also contain a keto or oxime group, so
that tautomerism may occur. In such cases, the present
invention generally includes tautomeric forms, whether
they are each pure or mixtures. Pharmaceutically
acceptable salts of the compounds of Formula 1 include
the acid addition and base salts thereof. Suitable
acid addition salts are formed from acids which form
non-toxic salts. Examples include the acetate,
adipate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate,
camsylate, citrate, cyclamate, edisylate, esylate,
formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate,
naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate,
pyroglutamate, saccharate, stearate, succinate,
tannate, tartrate, tosylate, trifluoroacetate and
xinofoate salts. Suitable base salts are formed from
bases which form non-toxic salts. Examples include the
aluminium, arginine, benzathine, calcium, choline,
diethylamine, diolamine, glycine, lysine, magnesium,
meglumine, olamine, potassium, sodium, tromethamine
and zinc salts. Hemisalts of acids and bases may also
be formed, for example, hemisulphate and hemicalcium
salts. For a review on suitable salts, see Handbook of
Pharmaceutical Salts: Properties. Selection, and Use
by Stahl and Wermuth (Wiley-VCH, 2002).
Pharmaceutically acceptable salts of compounds of
Formula 1 may be prepared by one or more of three
methods: (i) by reacting the compound of Formula 1
with the desired acid or base; (ii) by removing an
acid- or base-labile protecting group from a suitable
precursor of the compound of Formula 1 or by
ring-opening a suitable cyclic precursor, for example,
a lactone or lactam, using the desired acid or base;
or (iii) by converting one salt of the compound of
Formula 1 to another by reaction with an appropriate
acid or base or by means of a suitable ion exchange
column.All three reactions are typically carried out
in solution. The resulting salt may precipitate out
and be collected by filtration or may be recovered by
evaporation of the solvent. The degree of ionisation
in the resulting salt may vary from completely ionised
to almost non-ionised. The compounds of the invention
may exist in a continuum of solid states ranging from
fully amorphous to fully crystalline. The term
'amorphous' refers to a state in which the material
lacks long range order at the molecular level and,
depending upon temperature, may exhibit the physical
properties of a solid or a liquid. Typically such
materials do not give distinctive X-ray diffraction
patterns and, while exhibiting the properties of a
solid, are more formally described as a liquid. Upon
heating, a change from solid to liquid properties
occurs which is characterised by a change of state,
typically second order ('glass transition'). The term
'crystalline' refers to a solid phase in which the
material has a regular ordered internal structure at
the molecular level and gives a distinctive X-ray
diffraction pattern with defined peaks. Such materials
when heated sufficiently will also exhibit the
properties of a liquid, but the change from solid to
liquid is characterised by a phase change, typically
first order ('melting point'). The compounds of the
invention may also exist in unsolvated and solvated
forms. The term 'solvate' is used herein to describe a
molecular complex comprising the compound of the
invention and one or more pharmaceutically acceptable
solvent molecules, for example, ethanol. The term
'hydrate' is employed when said solvent is water. A
currently accepted classification system for organic
hydrates is one that defines isolated site, channel,
or metal-ion coordinated hydrates - see Polymorphism
in Pharmaceutical Solids by K. R. Morris (Ed. H. G.
Brittain, Marcel Dekker, 1995). Isolated site hydrates
are ones in which the water molecules are isolated
from direct contact with each other by intervening
organic molecules. In channel hydrates, the water
molecules lie in lattice channels where they are next
to other water molecules. In metal-ion coordinated
hydrates, the water molecules are bonded to the metal
ion. When the solvent or water is tightly bound, the
complex will have a well-defined stoichiometry
independent of humidity. When, however, the solvent or
water is weakly bound, as in channel solvates and
hygroscopic compounds, the water/solvent content will
be dependent on humidity and drying conditions. In
such cases, non-stoichiometry will be the norm, Also
included within the scope of the invention are
multi-component complexes (other than salts and
solvates) wherein the drug and at least one other
component are present in stoichiometric or
nonstoichiometric amounts. Complexes of this type
include clathrates (drug-host inclusion complexes) and
co-crystals. The latter are typically defined as
crystalline complexes of neutral molecular
constituents which are bound together through
non-covalent interactions, but could also be a complex
of a neutral molecule with a salt. Co-crystals may be
prepared by melt crystallisation, byrecrystallisation
from solvents, or by physically grinding the
components together - see Chem Commun, 17., 1889-1896,
by O. Almarsson and M. J. Zaworotko (2004). For a
general review of multicomponent complexes, see J
Pharm Sci, 64 (8), 1269-1288, by Haleblian (August
1975). The compounds of the invention may also exist
in a mesomorphic state (mesophase or liquid crystal)
when subjected to suitable conditions. The mesomorphic
state is intermediate between the true crystalline
state and the true liquid state (either melt or
solution). Mesomorphism arising as the result of a
change in temperature is described as 'thermotropic'
and that resulting from the addition of a second
component, such as water or another solvent, is
described as 'lyotropic'. Compounds that have the
potential to form lyotropic mesophases are described
as 'amphiphilic' and consist of molecules which
possess an ionic (such as -COO"Na+, -COO"K\ or -SO3
Na+) or non-ionic (such as - N"N+(CH3)3) polar head
group. For more information, see Crystals and the
Polarizing Microscope by N. H. Hartshorne and A.
Stuart, 4th Edition (Edward Arnold, 1970). Hereinafter
all references to compounds of Formula 1 include
references to salts, solvates, multicomponent
complexes and liquid crystals thereof and to solvates,
multi-component complexes and liquid crystals of salts
thereof; and include all polymorphs and crystal habits
thereof, prodrugs and isomers thereof (including
optical, geometric and tautomeric isomers) as
hereinafter defined and isotopically-labeled compounds
of Formula 1. The compounds of Formula 1 may be
assessed for their biopharmaceutical properties, such
as solubility and solution stability (across pH),
permeability, etc., in order to select the most
appropriate dosage form and route of administration
for treatment of the proposed indication. Compounds of
Formula 1 intended for pharmaceutical use may be
administered as crystalline or amorphous products.
They may be obtained, for example, as solid plugs,
powders, or films by methods such as precipitation,
crystallization, freeze drying, spray drying, or
evaporative drying. Microwave or radio frequency
drying may be used for this purpose. They may be
administered alone or in combination with one or more
other compounds of the invention or in combination
with one or more other drugs (or as any combination
thereof). Generally, they will be administered as a
formulation in association with one or more
pharmaceutically acceptable excipients. The term
'excipient' is used herein to describe any ingredient
other than the compound(s) of the invention. The
choice of excipient will to a large extent depend on
factors such as the particular mode of administration,
the effect of the excipient on solubility and
stability, and the nature of the dosage form.
Pharmaceutical compositions suitable for the delivery
of compounds of Formula 1 and methods for their
preparation will be readily apparent to those skilled
in the art. Such compositions and methodsfor their
preparation may be found, for example, in Remington's
Pharmaceutical Sciences, 19th Edition (Mack Publishing
Company, 1995). ORALADMINISTRATION The compounds of
Formula 1, in particular (SS.
RJ-S-aminomethyl-d-methyl-octanoic acid Form A, may be
administered orally. Oral administration may involve
swallowing, so that the compound enters the
gastrointestinal tract, and/or buccal, lingual, or
sublingual administration by which the compound enters
the blood stream directly from the mouth. Formulations
suitable for oral administration include solid,
semi-solid and liquid systems such as tablets; soft or
hard capsules containing multi- or nano-particulates,
liquids, or powders; lozenges (including
liquid-filled); chews; gels; fast dispersing dosage
forms; films; ovules; sprays; and buccal/mucoadhesive
patches. Liquid formulations include suspensions,
solutions, syrups and elixirs. Such formulations may
be employed as fillers in soft or hard capsules (made,
for example, from gelatin or
hydroxypropylmethylcellulose) and typically comprise a
carrier, for example, water, ethanol, polyethylene
glycol, propylene glycol, methylcellulose, or a
suitable oil, and one or more emulsifying agents
and/or suspending agents. Liquid formulations may also
be prepared by the reconstitution of a solid, for
example, from a sachet. The compounds of Formula 1, in
particular (SS.SRJ-S-aminomethyl- -methyl-octanoic
acid Form A, may also be used in fast-dissolving,
fast-disintegrating dosage forms such as those
described in Expert Opinion in Therapeutic Patents, H
(6), 981-986, by Liang and Chen (2001). For tablet
dosage forms, depending on dose, the drug may make up
from 1 weight % to 80 weight % 



of the dosage form, more typically from 5 weight % to
60 weight % of the dosage form. In addition to the
drug, tablets generally contain a disintegrant.
Examples of disintegrants include sodium starch
glycolate, sodium carboxymethyl cellulose, calcium
carboxymethyl cellulose, croscarmellose sodium,
crospovidone, polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, lower alkyl-substituted
hydroxypropyl cellulose, starch, pregelatinised starch
and sodium alginate. Generally, the disintegrant will
comprise from 1 weight % to 25 weight %, preferably
from 5 weight % to 20 weight % of the dosage form.
Binders are generally used to impart cohesive
qualities to a tablet formulation. Suitable binders
include microcrystalline cellulose, gelatin, sugars,
polyethylene glycol, natural and synthetic gums,
polyvinylpyrrolidone, pregelatinised starch,
hydroxypropyl cellulose and hydroxypropyl
methylcellulose. Tablets may also contain diluents,
such as lactose (monohydrate, spray-driedmonohydrate,
anhydrous and the like), mannitol, xylitol, dextrose,
sucrose, sorbitol, microcrystalline cellulose, starch
and dibasic calcium phosphate dihydrate. Tablets may
also optionally comprise surface active agents, such
as sodium lauryl sulfate and polysorbate 80, and
glidants such as silicon dioxide and talc. When
present, surface active agents may comprise from 0.2
weight % to 5 weight % of the tablet, and glidants may
comprise from 0.2 weight % to 1 weight % of the
tablet. Tablets also generally contain lubricants such
as magnesium stearate, calcium stearate, zinc
stearate, sodium stearyl fumarate, and mixtures of
magnesium stearate with sodium lauryl sulphate.
Lubricants generally comprise from 0.25 weight % to 10
weight %, preferably from 0.5 weight % to 3 weight %
of the tablet. Other possible ingredients include
anti-oxidants, colourants, flavouring agents,
preservatives and taste-masking agents. Exemplary
tablets contain up to about 80% drug, from about 10
weight % to about 90 weight % binder, from about 0
weight % to about 85 weight % diluent, from about 2
weight % to about 10 weight % disintegrant, and from
about 0.25 weight % to about 10 weight % lubricant.
Tablet blends may be compressed directly or by roller
to form tablets. Tablet blends or portions of blends
may alternatively be wet-, dry-, or melt-granulated,
melt congealed, or extruded before tabletting. The
final formulation may comprise one or more layers and
may be coated or uncoated; it may even be
encapsulated. The formulation of tablets is discussed
in Pharmaceutical Dosage Forms: Tablets , Vol. 1, by
H. Lieberman and L. Lachman (Marcel Dekker, New York,
1980). Consumable oral films for human or veterinary
use are typically pliable water-soluble or
waterswellable thin film dosage forms which may be
rapidly dissolving or mucoadhesive and typically
comprise a compound of Formula 1, a film-forming
polymer, a binder, a solvent, a humectant, a
plasticiser, a stabiliser or emulsifier, a
viscosity-modifying agent and a solvent. Some
components of the formulation may perform more than
one function. The compound of Formula 1 may be
water-soluble or insoluble. A water-soluble compound
typically comprises from 1 weight % to 80 weight %,
more typically from 20 weight % to 50 weight %, of the
solutes. Less soluble compounds may comprise a greater
proportion of the composition, typically up to 88
weight % of the solutes. Alternatively, the compound
of Formula 1 may be in the form of multiparticulate
beads.The film-forming polymer may be selected from
natural polysaccharides, proteins, or synthetic
hydrocolloids and is typically present in the range
0.01 to 99 weight %, more typically in the range 30 to
80 weight %. Other possible ingredients include
anti-oxidants, colorants, flavourings and flavour
enhancers, preservatives, salivary stimulating agents,
cooling agents, co-solvents (including oils),
emollients, bulking agents, anti-foaming agents,
surfactants and taste-masking agents. Films in
accordance with the invention are typically prepared
by evaporative drying of thin aqueous films coated
onto a peelable backing support or paper. This may be
done in a drying oven or tunnel, typically a combined
coater dryer, or by freeze-drying or vacuuming. Solid
formulations for oral administration may be formulated
to be immediate and/or modified release. Modified
release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted and programmed release.
Suitable modified release formulations for the
purposes of the invention are described in US Patent
No. 6,106,864. Details of other suitable release
technologies such as high energy dispersions and
osmotic and coated particles are to be found in
Pharmaceutical Technology On-line , 25(2), 1-14, by
Verma et al (2001). The use of chewing gum to achieve
controlled release is described in WO 00/35298.
PARENTERAL ADMINISTRATION The compounds of Formula 1,
in particular (SS.dRJ-S-aminomethyl- -methyl-octanoic
acid Form A, may also be administered directly into
the blood stream, into muscle, or into an internal
organ. Suitable means for parenteral administration
include intravenous, intraarterial, intraperitoneal,
intrathecal, intraventricular, intraurethral,
intrasternal, intracranial, intramuscular,
intrasynovial and subcutaneous. Suitable devices for
parenteral administration include needle (including
microneedle) injectors, needle-free injectors and
infusion techniques. TOPICAL ADMINISTRATION The
compounds of Formula 1, in particular
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid Form A,
may also be administered topically, (intra)dermally,
or transdermal^ to the skin or mucosa. Typical
formulations for this purpose include gels, hydrogels,
lotions, solutions, creams, ointments, dusting
powders, dressings, foams, films, skin patches,
wafers, implants, sponges, fibres, bandages and
microemulsions. Liposomes may also be used. Typical
carriers include alcohol, water, mineral oil,liquid
petrolatum, white petrolatum, glycerin, polyethylene
glycol and propylene glycol. Penetration enhancers may
be incorporated - see, for example, J Pharm Sci, 88
(10), 955-958, by Finnin and Morgan (October 1999).
Other means of topical administration include delivery
by electroporation, iontophoresis, phonophoresis,
sonophoresis and microneedle or needle-free {e.g.
Powderject(tm), Bioject(tm), etc.) injection.
INHALED/INTRANASAL ADMINISTRATION The "compounds of
Formula 1, in particular
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid Form A,
can afso be administered intranasally or by
inhalation, typically in the form of a dry powder
(either alone, as a mixture, for example, in a dry
blend with lactose, or as a mixed component particle,
for example, mixed with phospholipids, such as
phosphatidylcholine) from a dry powder inhaler, as an
aerosol spray from a pressurised container, pump,
spray, atomiser (preferably an atomiser using
electrohydrsdynamics to produce a fine mist), or
nebuliser, with or without the use of a suitable
propellant, such as 1,1,1,2-tetrafluoroethane or
1,1,1,2,3,3,3-heptafluoropropane, or as nasal drops.
For intranasal use, the powder may comprise a
bioadhesive agent, for example, chitosan or
cyclodextrin. RECTAL/INTRAVAGINAL ADMINISTRATION The
compounds of Formula 1, in particular
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid Form A,
may be administered rectally or vaginally, for
example, in the form of a suppository, pessary, or
enema. Cocoa butter is a traditional suppository base,
but various alternatives may be used as appropriate.
OCULAR/AURAL ADMINISTRATION The compounds of Formula
1, in particular (SS.S^-S-aminomethyl-
-methyl-octanoic acid Form A, may also be administered
directly to the eye or ear, typically in the form of
drops of a micronised suspension or solution in
isotonic, pH-adjusted, sterile saline. Other
formulations suitable for ocular and aural
administration include ointments, gels, biodegradable
(e.g. absorbable gel sponges, collagen) and
non-biodegradable (e.g. silicone) implants, wafers,
lenses and particulate or vesicular systems, such as
niosomes or liposomes. OTHER TECHNOLOGIES The
compounds of Formula 1, in particular
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid Form A,
may be combined with soluble macromolecular entities,
such as cyclodextrin and suitable derivatives thereof
or polyethylene glycol-containing polymers, in order
to improve their solubility, dissolution
rate,taste-masking, bioavailability and/or stability
for use in any of the aforementioned modes of
administration. Drug-cyclodextrin complexes, for
example, are found to be generally useful for most
dosage forms and administration routes. Both inclusion
and non-inclusion complexes may be used. As an
alternative to direct complexation with the drug, the
cyclodextrin may be used as an auxiliary additive,
i.e. as a carrier, diluent, or solubiliser. Most
commonly used for these purposes are alpha-, beta- and
gamma-cyclodextrins, examples of which may be found in
International Patent Applications Nos. WO 91/11172, WO
94/02518 and WO 98/55148. KIT-OF-PARTS Inasmuch as it
may desirable to administer a combination of active
compounds, for example, for the purpose of treating a
particular disease or condition, it is within the
scope of the present invention that two or more
pharmaceutical compositions, at least one of which
contains a compound of Formula 1, may conveniently be
combined in the form of a kit suitable for
coadministration of the compositions. Thus the kit of
the invention comprises two or more separate
pharmaceutical compositions, at least 



one of which contains a compound of Formula 1, in
particular (3S,5R)-3-aminomethyl-5-methyloctanoic acid
Form A, and means for separately retaining said
compositions, such as a container, divided bottle, or
divided foil packet. An example of such a kit is the
familiar blister pack used for the packaging of
tablets, capsules and the like. The kit of the
invention is particularly suitable for administering
different dosage forms, for example, oral and
parenteral, for administering the separate
compositions at different dosage intervals, or for
titrating the separate compositions against one
another. To assist compliance, the kit typically
comprises directions for administration and may be
provided with a so-called memory aid. DOSAGE For
administration to human patients, the total daily dose
of the compounds of Formula 1 is typically in the
range 0.1 mg to 1000 mg depending, of course, on the
mode of administration. The total daily dose may be
administered in single or divided doses and may, at
the physician's discretion, fall outside of the
typical range given herein. The preferred daily dose
range for (3S,5R)-3-aminomethyl- 5-methyl-octanoic
acid Form A is in the range 1 mg to 250 mg; more
preferably the daily dose range is in the range 1 mg
to 125 mg.These dosages are based on an average human
subject having a weight of about 60kg to 70kg. The
physician will readily be able to determine doses for
subjects whose weight falls outside this range, such
as infants and the elderly. For the avoidance of
doubt, references herein to "treatment" include
references to curative, palliative and prophylactic
treatment. EXAMPLES The following examples are
intended to be illustrative and non-limiting, and
represent specific embodiments of the present
invention. Enzyme screening was carried out using a
96-weil plate, which is described in D. Yazbeck et
al., Synth. Catal. 345:524-32 (2003), the complete
disclosure of which is herein incorporated by
reference for all purposes. All enzymes used in the
screening plate (see Table 2) were obtained from
commercial enzyme suppliers including Amano Enzyme
Inc. (Nagoya, Japan), Roche (Basel, Switzerland), Novo
Nordisk (Bagsvaerd, Denmark), Altus Biologies Inc.
(Cambridge, MA), Biocatalytics (Pasadena, CA), Toyobo
(Osaka, Japan), Sigma-Aldrich (St. Louis, MO), Fluka
(Buchs, Switzerland), Genencor International, Inc.
(Rochester, NY), and Valley Research (South Bend, IN).
The screening reactions were performed in an Eppendorf
Thermomixer-R (VWR). Subsequent larger scale enzymatic
resolutions employed LIPOLASE(r) 100L EX, which is
available form Novo-Nordisk A/S (CAS no. 9001-62-1),
as well as Lipase PS, PS-C I, PS-C II, and PS-D I,
which are available from Amano Enzyme Inc. EXAMPLE 1.
Preparation of (R)-methanesulfonic acid
2-methyl-pentyl ester A 4000 L reactor was charged
with (R)-2-methyl-pentan-1 -ol (260 kg, 2500 mol),
methyl tertiary butyl ether (2000 L), and cooled to
-1O 0C to 00C. Methanesulfonyl chloride (310 kg, 2600
mol) was charged, and then Et3N (310 kg, 3100 mol) was
added while maintaining the internal temperature at
00C to 100C. After the addition was complete, the
reaction mixture was warmed to 15C to 25C and stirred
at this temperature for at least 1 hour until complete
by gas chromatography analysis. A solution of aqueous
HCI (88 kg of HCI in 700 L of water) was then added to
the reaction mixture. The resulting mixture stirred
for at least 15 minutes, settled for at least 15
minutes, and then the lower aqueous phase was removed.
The upper organic phase was washed with water (790 L)
and aqueous sodium bicarbonate (67 kg of sodium
bicarbonate in 840 L of water). The solution was then
concentrated under vacuum to remove the methyl
tertiary butyl ether to afford the titled compound as
an oil (472 kg, 95% yield). 1H NMR (400MHz, CDCI3)
4.07-3.93 ppm (m, 2H), 2.97 (s, 3H), 1.91-1.80 (m,
1H), 1.42-1.09 (m, 4H), 0.94 (d, J=6.57Hz, 3H), 0.87
(t, J=6.56Hz, 3H); 13C NMR (CDCI3) 74.73, 37.01,
34.81, 32.65, 19.71, 16.29, 14.04. EXAMPLE 2.
Preparation of
(2'R)-2-cyano-2-(2'-methyl-pentyl)-succinic acid
diethyl esterA 4000 L reactor was charged with
(R)-methanesulfonic acid 2-methyl-pentyl ester (245
kg, 1359 mol), 2-cyano-succinic acid diethyl ester
(298 kg, 1495 mol), and anhydrous ethanol (1300 kg).
Sodium ethoxide (506 kg, 2 1 wt% in ethanol) was
added. The resulting solution was heated to 700C to
750C, and the mixture stirred at this temperature for
at least 18 hour until complete by gas chromatography
analysis. After the reaction was complete, a solution
of aqueous HCI (32 kg of HCI in 280 L of water) was
then added to the reaction mixture until the pH was <
2. Additional water (400 L) was added, and the
reaction mixture was then concentrated under vacuum to
remove the ethanol. Methyl tertiary butyl ether (1000
kg) was added, and the mixture was stirred for at
least 15 minutes, settled for at least 15 minutes, and
then the lower aqueous layer was back extracted with
methyl tertiary butyl ether (900 kg). The combined
organic phases were concentrated under vacuum to
afford the titled compound as a dark oil (294 kg, 79%
yield corrected for purity). 1H NMR (400MHz, CDCI3)
4.29 ppm (q, J=7.07Hz, 2H), 4.18 (q, J=7.07Hz, 2H),
3.03 (dd, J=6.6, 7.1Hz, 2H), 1.93-1.61 (m, 3H),
1.40-1.20 (m, 10H), 0.95-0.82 (m, 6H); 13C NMR (CDCI3)
168.91, 168.67, 168.59, 168.57, 119.08, 118.82, 62.95,
62.90, 44.32, 44.19, 42.21, 42.02, 39.77, 39.64,
30.05, 29.91, 20.37, 19.91, 19.66, 13.99. EXAMPLE 3.
Preparation of ( /^-S-cyano- -methyl-octanoic acid
ethyl ester (Method A) A 4000 L reactor was charged
with NaCI (175 kg, 3003 mol), tetrabutylammonium
bromide (33.1 kg, 103 mol), water (87 L), and
dimethylsulfoxide (1000 kg).
(2'R)-2-Cyano-2-(2'-metrtyl-pentyl)-succinic acid
diethyl ester (243 kg, 858 mol) was charged and the
mixture was heated to 1350C to 138C and stirred at
this temperature for at least 48 hours, until complete
by gas chromatography analysis. After the reaction was
cooled to 25C to 35C, heptane (590 kg) was added, and
the mixture stirred for at least 15 minutes, settled
for at least 15 minutes, and then the lower aqueous
phase was removed. The upper organic phase was washed
with water (800 L). The heptane solution containing
the product was decolorized with carbon, and
concentrated under vacuum to afford the titled
compound as an orange oil (133.9 kg, 74% yield
corrected for purity). 1H NMR (400MHz, CDCI3) 4.20 ppm
(q, J=7.07Hz, 2H), 3.13-3.01 (m, 1H), 2.75-2.49 (m,
2H), 1.80-1.06 (m, 10H), 0.98-086 (m, 6H); 13C NMR
(CDCI3) 169.69, 169.65, 121.28, 120.99, 61.14, 39.38,
39.15, 38.98, 37.67, 37.23, 36.95, 30.54, 30.47,
25.67, 25.45, 19.78, 19.61, 19.53, 18.56, 14.13,
14.05. EXAMPLE 4. Preparation of
(5R)-3-cyano-5-methyl-octanoic acid ethyl ester
(Method B) A 250 mL flask was charged with LiCI (3.89
g, 0.0918 mol), water (7 mL), and dimethylsuloxide (72
mL). (2'R)-2-Cyano-2-(2'-methyl-pentyl)-succinic acid
diethyl ester (25.4 g, 0.0706 moi, 78.74% by gas
chromatography) was charged and the mixture was heated
to 135C to 138C and stirred at this temperature for at
least 24 hours, until complete by gas chromatography
analysis. After the reaction was cooled to 25C to
350C, heptane (72 mL), saturated NaCI (72 mL), and
water (72 mL) was added and the mixture stirred for at
least 15 minutes, settled for at least 15 minutes, and
then the lower aqueous phase was washed with heptane
(100 mL). The combined organic phases wereconcentrated
under vacuum to afford the titled compound as an
orange oil (13.0 g, 84% yield corrected for purity).
EXAMPLE 5. Preparation of
(dRJ-S-cyano-d-methyl-octanoic acid sodium salt A 4000
L reactor was charged with
(dRJ-S-cyano-d-methyl-octanoic acid ethyl ester (250
kg, 1183 mol) and tetrahydrofuran (450 kg). An aqueous
solution of NaOH was prepared (190 kg of 50% NaOH in
350 L of water) and then added to the tetrahydrofuran
solution. The resulting solution was stirred at 200C
to 300C for at least 2 hours, until the reaction was
complete by gas chromatography analysis. After this
time, fetrahydrofuran was removed by vacuum
distillation to afford an aqueous solution of the
titled compound, which was used immediately in the
next step. EXAMPLE 6. Preparation of
(5/?)-3-aminomethyl-5-methyl-octanoic acid sodium salt
A 120 L autoclave was charged with sponge nickel
catalyst (3.2 kg, Johnson & Mathey A7000) followed by
an aqueous solution of (5R)-3-cyano-5-methyl-octanoic
acid sodium salt (15 kg in 60 L of water) and the
resulting mixture was hydrogenated under 50 psig of
hydrogen at 3O0C to 35C for at least 18 hours, or
until hydrogen uptake ceased. The reaction was then
cooled to 2O0C to 3O0C, and the spent catalyst was
removed by filtration through a 0.2 m filter. The
filter cake was washed with water (2 x 22 L), and the
resulting aqueous solution of the titled compound was
used directly in the next step. EXAMPLE 7. Preparation
of ( RJ-S-aminomethyl- -methyl-octanoic acid A 4000 L
reactor was charged with an aqueous solution of
(5R)-3-aminomethyl-5-methyl-octanoic acid (~150 kg in
~1000 L of water) and cooled to 00C to d C. Glacial
acetic acid was added until the pH was 6.3 to 6.8. To
the mixture was added anhydrous ethanol (40 kg). The
resulting slurry was heated to 6dC to 700C for less
than 20 minutes and was cooled to 00C to 5C over 3
hours. The product was collected by filtration to
afford the titled compound as a water-wet cake (76 kg,
97% yield corrected for purity, 10% water by Karl
Fischer analysis), which was used in the next step. 1H
NMR (400MHz, D3COD) 4.97 ppm (BS, 3H), 3.00-2.74 (m,
2H), 2.48-2.02 (m, 3H), 1.61-1.03 (m, 7H), 0.94- 086
(m, 6H); 13C NMR (D3COD) 181.10, 181.07, 46.66, 45.86,
44.25, 43.15, 42.16, 41.64, 41.35, 33.45, 31.25,
31.20, 21.45, 21.41, 20.52, 20.12, 15.15, 15.12.
EXAMPLE 8. Preparation of
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid via
contact with a resolving agent A 4000 L reactor was
charged with water wet (10%) (5R)-3-aminomethyl-
d-methyl-octanoic acid (76 kg, 365 mol), (S)-mandelic
acid (34.8 kg, 229 mol), anhydrous ethanol (1780 kg),
and water ( 115 L). 



The resulting mixture was heated to 65C to 700C and
stirred until the solids dissolved. The solution was
then cooled to 00C to 5C over 2 hours and stirred at
this temperature for an additional 1 hour. The product
was collected by filtration, and the cake was washed
with -2O0C ethanol (3 x 60 kg). Thecrude product ( 18
kg in 48% yield) and ethanol (167 kg) were charged to
a reactor. The mixture was cooled to O0C to 5 0C and
stirred at this temperature for 1.5 hours. The product
was then collected by filtration, and the cake was
washed with -200C ethanol (3 x 183 kg) to afford the
titled compound (17 kg, 94% yield). The quasimolecular
ion (MH+) of the titled compound was observed at
188.1653 amu and is in agreement with the theoretical
value of 188.1650; the measured value establishes the
molecular formula as C10H21NO2 as no reasonable
alternate chemical entity containing only C, H, N, and
O can exist with a molecular ion within the 5-ppm (0.9
mDa) experimental error of the measured value; IR
(KBr) 2955.8 cm' 1, 22.12.1, 1643.8, 1551.7, 1389.9;
1H NWIR (400MHz, D3COD) 4.91 ppm (bs, 2H), 3.01-2.73
(m, 2H), 2.45-2.22 (m, 2H), 1.60-1.48 (m, 1H),
1.45-1.04 (m, 6H), 0.98-086 (m, 6H); 13C NMR (D3COD)
181.04, 45.91, 44.30, 42.13, 40.65, 33.42, 31.24,
21.39, 20.49, 15.11. EXAMPLE 9. Enzyme screening via
enzymatic hydrolysis of (5R)-3-cyano-5-methyl-octanoic
acid ethyl ester (Formula 15) to yield
(3S,5R)-3-cyano-5-methyl-octanoic acid sodium salt
(Formula 16, R10=Na+) and
(3R5R)-3-cyano-5-methyl-octanoic acid ethyl ester
(Formula 17, R11=Et) or (3S,5R)-3-
cyano-5-methyl-octanoic acid ethyl ester (Formula 16,
R10=Et) and (3R,5R)-3-cyano-5-methyloctanoic acid
sodium salt (Formula 17, R11=Na+) . Enzyme screening
was carried out using a screening kit comprised of
individual enzymes deposited in separate wells of a
96-well plate, which was prepared in advance in
accordance with a method described in D. Yazbeck et
al., Synth. Catal. 345:524-32 (2003). Each of the
wells has an empty volume of 0.3 mL (shallow well
plate). One well of the 96-well plate contains only
phosphate buffer (10 ml_, 0.1 M, pH 7.2). With few
exceptions, each of the remaining wells contain one
aliquot of enzyme (10 ml_, 83 mg/mL), most of which
are listed in Table 2, above. Prior to use, the
screening kit is removed from storage at -80 0C and
the enzymes are allowed to thaw at room temperature
for about 5 min. Potassium phosphate buffer (85 ml_,
0.1 M, pH 7.2) is dispensed into each of the wells
using a multi-channel pipette. Concentrated substrate
(Formula 15, 5 ml_) is subsequently added to each well
via a multi-channel pipette and the 96 reaction
mixtures are incubated at 300C and 750 rpm. The
reactions are quenched and sampled after 24 h by
transferring each of the reaction mixtures into
separate wells of a second 96-well plate. Each of the
wells has an empty volume of 2 mL (deep well plate)
and contains ethyl acetate ( 1 mL) and HCI (1N, 100
mL). The components of each well are mixed by
aspirating the well contents with a pipette. The
second plate is centrifuged and 100 mL of the organic
supernatant is transferred from each well into
separate wells of a third 96-well plate (shallow
plate). The wells of the third plate are subsequently
sealed using a penetrable mat cover.Once the wells are
sealed, the third plate is transferred to a GC system
for determination of diastereoselectivity (de). Table
3 lists enzyme, trade name, E value, c, and
selectivity for some of the enzymes that were
screened. For a given enzyme, the E value may be
interpreted as the relative reactivity of a pair of
diastereomers (substrates). The E values listed in
Table 3 were calculated from GC/derivatization data
(fractional conversion, c, and de) using a computer
program called Ee2, which is available from the
University of Graz. In Table 3, selectivity
corresponds to the diastereomer-(3R,5R)-3-cyano-5~
methyl-octanoic acid ethyl ester or
(3S,5/?)-3-cyano-5-methyl-octanoic acid ethyl
ester-that underwent the greatest hydrolysis for a
given enzyme. Table 3. Results from Screening
Reactions of Example 1 Enzyme Trade Name E X
Selectivity Porcine Pancreatic Lipase Altus 03 1.5 15
(3R,5f?) Candida cylindracea Lipase Fluka 62302 1.4 3
(3R.5R) Burkholderia cepacia Lipase Amano Lipase AH
200 15 (3R,5R) Pseudomonas fluorescens Lipase Amano
Lipase AK 20 200 25 (3R.5R) Candida rugosa Lipase
Amano Lipase AYS 1.4 2 (ZR.5R) Rhizopus delemar Lipase
Amano Lipase D 6 44 (3S.5R) Rhizopus oryzae Lipase
Amano Lipase F-AP 15 20 1 (3S15R) Penicillium
camembertii Lipase Amano Lipase G 50 1.1 6 (ZS1SR)
Mucor javanicus Lipase Amano Lipase M 10 8 3 (3S.5R)
Burkholderia cepacia Lipase Amano Lipase PS 200 45
(3R.5R) Pseudomonas sp. Lipase BioCatalytics 103 4 7
(3S.5R) Microbial, lyophilized Lipase BioCatalytics
108 17 45 (3R.5R) CAL-B, lyophilized BioCatalytics 110
1.2 96 (3S.5R) Candida sp. , lyophilized BioCatalytics
111 1.2 8 (ZR SF) CAL-A, lyophilized BioCatalytics 112
1.6 5 (3R.5R) Thermomyces sp. Lipase BioCatalytics 115
7 50 (ZS.5R) Alcaligines sp. , lyophilized Lipase
BioCatalytics 117 15 3 1 (ZR SR) CAL-B, L2 Sol
Chriazyme L2 Sol 1.3 3 1 (3R.5R) Thermomuces
lanuginoaus Lipase Sigma L9 Lipolase 15 50 (3S.5R)
Thermomuces lanuginosus Lipase Sigma L10 Novo871 10 68
(ZS SR) Rhizomucor miehei Lipase Sigma L6 Palatase 5.3
90 (3S,5R) Fungal protease concentrate Genencor 10 10
(3R.5R) Bovine Pancreas Protease Sigma P18
a-chymotrypsin I 10 10 (ZR.SR) Pineapple [Ananas
comosus & Ananas Bromelian Concentrate 10 10 (ZR SR)
bracteatus (L)]Enzyme Trade Name E % Selectivity
Porcine kidney Acylase Sigma A-S2 Acylase I 2 60
(3S.5R) Esterase from Mucor meihei Fluka E5 5 79
(3S.5R) Cholinesterase, acetyl Sigma ES8 1.1 54
(3S.5R) Cholesterol Esterase BioCatalytics E3 1.1 54
(3S,5R) PLE - Ammonium Sulfate BioCatalytics 123 1.3 7
1 (3S.5R) EXAMPLE 10. Preparation of
(3S,5R)-3-cyano-5-methyl-octanoic acid
tert-butyl-ammonium salt via enzymatic resolution To a
50 mL reactor equipped with a pH electrode, an
overhead stirrer and a base addition line, was added
(5R)-3-cyano-5-methyl-octanoic acid ethyl ester (8 g,
37.85 mmol), followed by calcium acetate solution (8
mL), deionized water (3.8 mL), and LIPOLASE(r) 100L EX
(0.2 mL). The resulting suspension was stirred at room
temperature for 24 hours. The pH of the solution was
maintained at 7.0 by adding 4IVl NaOH. The course of
the reaction was tracked by gas chromatography
(conversion and % de of the product and starting
material), and was stopped after 45% of the starting
material had been consumed (~4.3 mL of NaOH had
added). After reaction completion, toluene (20 mL) was
added, and the mixture stirred for 1 minute. The pH
was lowered to 3.0 by adding concentrated aqueous HCI
and the solution was stirred for 5 minutes and then
transferred to a separatory funnel/extractor. The
organic layer was separated and the aqueous layer
extracted once with 10 mL of toluene. The organic
layers were pooled and toluene evaporated to dryness.
The crude product (sodium salt of
(3S,5R)-3-cyano-5-methyl-octanoic acid, 75%
diastereomeric excess by gas chromatography) was
re-suspended in methyl tertiary butyl ether (40 mL).
Tert-butylamine (1.52 g, 1.1 equivalents) was added
dropwise to the mixture with stirring over a 5 minute
period. Crystals precipitated shortly after the
addition was finished and they were collected in a
buchner funnel. The solid was washed with methyl
tertiary-butyl ether (2 x 20 mL). The residue was then
dried under vacuum to afford the titled compound (2.58
g, 96% diastereomeric excess by gas chromatography).
EXAMPLE 11. Resolution of
(3S,5R)-3-cyano-5-methyl-octanoic acid ethyl ester via
enzymatic hydrolysis of
(3R,5R)-3-cyano-5-methyl-octanoic acid ethyl ester to
(3R,5R)-3-cyano-5-methyloctanoic acid sodium salt To a
vessel containing sodium phosphate (monobasic)
monohydrate (4.7 kg) and water (1650 L) at a
temperature of 200C to 25C is added 50% NaOH aq (2.0
kg). After stirring for 15 minutes, the pH of the
mixture is checked to ensure that it is in the range
of 6.0 to 8.0. Amano PS lipase (17 kg) is added and
the mixture is stirred for 30 to 60 minutes at 20C to
25C. The mixture is filtered to remove solids and the
filtrate is combined with sodium bicarbonate (51 kg),
(5/?)-3-cyano-5-methyloctanoic acid ethyl ester (154
kg), and water (10 L). The mixture is allowed to react
at about 500C for 24 to 48 hours. The course of the
enzymatic hydrolysis is monitored by gas
chromatography and is considered to be complete when
the ratio of (3S,5R)-3-cyano-5-methyl-octanoic acid
ethyl ester to(3/?,5/?)-3-cyano-5-methyl-octanoic acid
sodium salt is greater than 99:1 based on gas
chromatography analaysis. Following completion of the
reaction, the mixture is added to a vessel charged
with NaCI (510 kg), and the contents of the vessel are
stirred at 200C to 25C. The mixture is extracted with
methyl tertiary-butyl ether (680 L) and the aqueous
and organic phases are separated. The aqueous phase is
discarded and the organic phase is washed with NaCI
(26 kg), sodium bicarbonate (2 kg), and water (85 L).
After the solids are dissolved, the mixture is again
extracted with MTBE (680 L), the aqueous and organic
phases separated, and the organic phase is again
washed with NaCI (26 kg), sodium bicarbonate (2 kg),
and water (85 L). Following separation of the aqueous
and organic phases, the organic phase is distilled at
70C and atmospheric pressure to give
(3S,5R)-3-cyano-5-methyl-octanoic acid ethyl ester as
an oil (48.9 kg, 88% yield). 1H NWIR (400MHz, 



CDCI3) 4.17 ppm (q, J=7.83Hz, 2H), 3.13-3.06 (m, 1H),
2.71-2.58 (m, 2H), 1.75-1.64 (m, 10H), 0.95 (d, J=6.34
3H), 0.92 (t, J=6.83, 3H, 13C NMR (CDCI3) 170.4,
121.8, 61.1, 39.6, 38.6, 37.0, 31.0, 25.9, 20.0, 18.5,
13.9. EXAMPLE 12. Preparation of (SS. ^-S-aminomethyl-
d-methyl-octanoic acid from (3S,5R)-3-cyano-
5-methyl-octanoic acid ethyl ester A solution (700 kg)
containing (3S,5R)-3-cyano-5-methyl-octanoic acid
ethyl ester (30%) in methyl tertiary-butyl ether is
treated with aqueous sodium hypochlorite solution (35
kg, 12%) and water (35 L). After stirring for 2 hours
at room temperature, the mixture is allowed to settle
for 3 hours, and the aqueous and organic phases are
separated. The organic phase is washed with water (150
L) at room temperature and the mixture is allowed to
separate into aqueous and organic phases. The organic
phase is separated and subsequently reacted with NaOH
aq (134 kg, 50%) and water (560 L). The reaction
mixture is stirred for 2.5 to 3.5 hours at room
temperature and the mixture is allowed to settle for 2
hours. The resulting aqueous phase, which contains
(3S,5R)-3-cyano-5-methyl- sctanoic acid sodium salt,
is fed to an autoclave which has been charged with
sponge nickel A-7063 (43 kg) and purged with nitrogen.
The autoclave is heated to 28C to 32C and is
pressurized with hydrogen to 50 psig. The pressure is
maintained at 50 psig for 18 to 24 hours. The
autoclave is subsequently cooled to 200C to 3O0C and
the pressure is reduced to 20 to 30 psig for sampling.
The reaction is complete when the fractional
conversion of (3S,5R)-3-cyano-5-methyl-octanoic acid
sodium salt is 99% or greater. The reaction mixture is
filtered and the filtrate is combined with an aqueous
citric acid solution (64 kg in 136 kg of water) at a
temperature of 200C to 300C. Ethanol (31 0 L) is added
and the mixture is heated to 550C to 6O0C. The mixture
is held for 1 hour and then cooled at a rate of about
-15C/hour until the mixture reaches at temperature of
about 2C to 8C. The mixture is stirred at that
temperature for about 1.5 hours and filtered. The
resulting filter cake is rinsed with water (150 L) at
2 0C to 8C and then dried at room temperature with a
nitrogen sweep until the water content is less than 1%
by Karl Fischer analysis, thus giving crude
(3S,5R)-3-aminomethyl-5-methyloctanoic acid.The crude
product (129 kg) is charged to a vessel. Water (774
kg) and anhydrous ethanol (774 kg) are added to the
vessel and the resulting mixture is heated at reflux
(about 800C) until the solution clears. The solution
is passed through a polish filter ( 1m) and is again
heated at reflux until the solution clears. The
solution is allowed to cool at a rate of about
-20C/hour until it reaches a temperature of about 5C,
during which a precipitate forms. The resulting slurry
is held at 00C to 5C for about 90 minutes to complete
the crystallization process. The slurry is filtered to
isolate the titled compound, which is rinsed with
anhydrous ethanol (305 kg) and dried at under a
nitrogen sweep at a temperature of 400C to about 45C
until the water content (by Karl Fischer analysis) and
the ethanol content (by gas chromatography analysis)
are each less than 0.5% by weight. Representative
yield of the titled compound from
(3S,5/?)-3-cyano-5-methyl-octanoic acid ethyl ester is
about 76%. EXAMPLE 13. Preparation of
(SS.dRJ-S-Cyano-d-methyl-octanoic acid methyl ester
Methane sulfonic acid 2-methyl-pentyl ester The
reaction vessel was charged with toluene (170ml, 8.5
ml/g based in the weight of 2-methylpentan- 1-ol),
2-methyl-pentan-1-ol (20.0Og, 0.20 moles, in one
portion) and triethylamine (21.78g, 0.22 moles, in one
portion). The reaction mixture was cooled to a
temperature of from -100C to -50C and methanesulfonyl
chloride (22.42g, 0.2 moles) was added dropwise,
maintaining the temperature at from -1O0C to -50C. The
reaction was stirred for one hour at a temperature of
from -1O0C to -50C. The reaction was quenched with
1.0M aqueous HCI (60ml, 3 ml/g based on the weight of
2-methylpentan- 1-ol) and stirred for 30 minutes. The
reaction mixture was allowed to warm to 250C and the
phases separated. The organic phase was washed with 1M
aqueous NaHCO3 (60ml, 3 ml/g based on the weight of
2-methyl-pentan-1-ol) and the phases separated. The
resulting toluene solution of methane sulfonic acid
2-methyl-pentyl ester was used directly in the next
step. 1-Bromo-2-methyl-pentane The reaction vessel was
charged with methane sulfonic acid 2-methyl-pentyl
ester (35.29g, 0.2 moles, toluene solution), H2O
(14ml, 0.4 ml/g based on the weight of methane
sulfonic acid 2-methyl-pentyl ester), NaBr (20.14g,
0.2 moles) and tetrabutylammonium bromide (12.61g,
0.04 moles). The reaction mixture was heated to 9O0C
and stirred at this temperature for 3 hours. H2O
(600ml, 3 ml/g based on the weight of methane sulfonic
acid 2-methyl-pentyl ester) was charged and the phases
separated. The resulting toluene solution of
1-bromo-2-methyl-pentane was used directly in the
following step. (5R)-3-Cyano-5-methyl octanoic acid
methyl ester The reaction vessel was charged with
toluene ( 152ml, 4.7 ml/g based on the weight of
1-bromo-2- methyl-pentane), followed by potassium
terf-butoxide (76.87g, 0.69 moles) in one portion with
stirring. The reaction mixture was cooled to a
temperature of from -100C to -50C.
4,4,4-Trimetrtsxybutyronitrile (37.39g, 0.23 moles)
was charged to the toluene solution of
1-bromo-2-methyl-pentanefrom the previous step and the
resulting solution added dropwise to the reaction,
while maintaining the temperature at -50C. The
reaction mixture was stirred for 18 hours at a
temperature of from - 100C to - 50C. The reaction was
quenched with H2O (323ml, 10 ml/g based on the weight
of 1-bromo-2-methylpentane), concentrated HCI (48.5ml)
added dropwise to a pH range of 1-2, and the reaction
mixture stirred at 250C for 1 hour. The phases were
separated, the organic phase washed with H2O (323ml,
10 ml/g based on the weight of
1-bromo-2-methyl-pentane), and the phases separated.
Toluene was distilled from the organic phase to leave
a volume of 65ml. The resulting toluene solution of
(5R)-3- cyano-5-methyl octanoic acid methyl ester was
used directly in the following step.
(3S,5R)-3-Cyano-5-methyl-octanoic acid methyl ester
NaHCO3 (47.4g, 0.75 equivalents), KH2PO4 (4.4g, 0.042
equivalents) and NaOH (0.84g, 0.031 equivalents) were
charged to H2O (150OmL) and stirred at room
temperature until a solution formed. The enzyme Lipase
PS-SD (3Og, commercially available from Amano Enzyme
Inc.) was charged to the reaction and the suspension
stirred at room temperature until a solution was
formed. The reaction mixture was heated to 450C while
a toluene solution of (5R)-3-cyano-5-methyl octanoic
acid methyl ester (15Og, 0.76 MoI, 1 equivalent) was
added in one portion over a period of five minutes.
The resulting oil in water suspension was stirred
vigorously for 48 hours at 450C. On completion of the
reaction, the product was extracted with terf-butyl
methyl ether (60OmL) and the organic phases were
combined and washed with brine (30OmL). The title
compound was held as a te/f-butyl methyl ether
solution for further use in the preparation of
(3S,5R)-3-aminomethy(-5-methyl-octanoic acid. EXAMPLE
14. (SS.dRJ-S-Aminomethyl- -methyl-octanoic acid Form
A Method A Ethanol (25mL) and water (25mL) were
charged to the vessel and stirred vigorously to ensure
mixing. Crude (3S,5R)-3-aminomethyl-5-methyl-octanoic
acid (2.5g) was charged and the suspension heated to
the reflux temperature (8O0C) until a solution was
formed. The reaction was stirred at 8O0C for 1 hour to
ensure full dissolution. The solution was filtered
through an in-line filter and transferred to a
speck-free vessel. The solution was allowed to cool at
a rate of 0.5C/minute until it reached 67 0C and was
seeded with 0.5% micronised seed (2.5-10 mm) in a
slurry at 67 0C. The suspension was cooled to O0C at a
rate of 0.5C/minute and stirred at O0C for 12 hours.
The product was collected by filtration and the cake
washed with speck-free water (2.5mL) followed by
speck-free ethanol (2.5mL). The product was tray dried
under vacuum at 4O0C for 24 hours or until water
content was <0.5 wt%. Method B Crude
(SS.dRJ-S-aminomethyl-d-methyl-octanoic acid (25mg/mL)
in ethanol and water (50:50 by volume) is charged to
the reactor and agitation maintained at a moderately
fast speed throughout the process. The reactor is
heated to a temperature of 550C at a heating rate of
0.5C/minute and the temperature held at 550C for one
hour to ensure complete dissolution. The solution is
cooled to 5 10Cat a rate of 0.5C/minute and held at
this temperature for 15 minutes. The solution is
seeded with 5% micronised seed (2-25 mm) in a slurry
(75mg/mL in ethanol). The ethanol seed slurry is
agitated prior to seeding to break agglomeration. The
temperature is held at 5 10C for a further 20 minutes
post seeding. The resulting slurry is cooled to O0C at
a rate of 0.5C/minute and held at this temperature for
2 hours. The solids are filtered under vacuum and
washed with cold ethanol. The filtered solids are
dried in a vacuum oven at 5O0C. Method C Crude
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid (50mg/mL)
in ethanol and water (50:50 by volume) is charged to
the reactor and agitation maintained at a moderately
fast speed throughout the process. The reactor is
heated to 8O0C (reflux temperature) at a heating rate
of 0.5C/minute. The temperature is held at 800C for
one hour to ensure complete dissolution. The solution
is cooled to O0C at a rate of 0.5C/minute and held at
O0C for 2 hours. The solids are filtered under vacuum
and washed with cold ethanol. The filtered solids are
dried in a vacuum oven at 5O0C. Characterisation of
(SS.SRJ-S-aminomethyl- -methyl-octanoic acid Form A
(SS^/^-S-aminomethyl- d-methyl-octanoic acid Form A
was characterised using the following techniques: 1.
Powder X-ray diffraction (PXRD) 2. Differential
scanning calorimetry (DSC) 3. Fourier Transform
Infrared Spectroscopy (FT-IR) 4. Fourier Transform
Ramon Spectroscopy (FT-Raman) 



The following experimental conditions were used.
Powder X-rav diffraction (PXRD) The powder X-ray
diffraction pattern was determined using a Bruker-AXS
Ltd. D4 powder X-ray diffractometer fitted with an
automatic sample changer, a theta-theta goniometer,
automatic beam divergence slit, and a PSD Vantec-1
detector. The sample was prepared for analysis by
placing on a low background silicon wafer specimen
mount. The specimen was rotated whilst being
irradiated with copper K-alpha X-rays (wavelength =
1.5406 Angstroms) with the X-ray tube operated at
40kV/30mA. The analyses were performed with the
goniometer running in continuous mode set for a 0.2
second count per 0.018 step over a two theta range of
2 to 55. As will be appreciated by the skilled person,
the relative intensities of the various peaks within
Tables 1 and 2 given below may vary due to a number of
factors such as for example orientation effects of
crystals in the X-ray beam or the purity of the
material being analysed or the degree of crystallinity
ofthe sample. The peak positions may also shift for
variations in sample height but the peak positions
will remain substantially as defined in given Tables.
The skilled person will also appreciate that
measurements using a different wavelength will result
in different shifts according to the Bragg equation -
nl = 2d sin q. Such further PXRD patterns generated by
use of alternative wavelengths are considered to be
alternative representations of the PXRD patterns of
the crystalline material of the present invention and
as such are within the scope of the present invention.
The crystal structure of Form A was determined by
single crystal X-Ray diffraction analysis. In
addition, 2-theta angles, d spacings and relative
intensities were calculated from the single crystal
structure using the "Reflex Powder Diffraction" module
of Accelrys Materials Studio(tm) [version 2.2].
Pertinent simulation parameters were in each case:
Wavelength = 1.540562 A (Cu Ka) Polarisation Factor =
0.5 Pseudo-Voigt Profile (U = 0.01, V = -0.001, W =
0.002) Differential Scanning Calorimetry (DSC) DSC was
performed using a Perkin Elmer Pyris 1 DSC in 50ml
vented aluminium pans with aluminium lids.
Approximately 3 mg of the sample was heated at 10cC
per minute over a range of 10 to 215C with a nitrogen
gas purge. FT-IR The IR spectrum was acquired using a
ThermoNicolet Avatar FT-IR spectrometer equipped with
a 'Golden Gate(tm)' single bounce ATR accessory
(diamond top plate and zinc selenide lenses) and DTGS
KBr detector. The spectrum was collected at 2 cm"1
resolution and a co-addition of 256 scans. Happ-Genzel
apodization was used. Because the FT-IR spectrum was
recorded using single reflection ATR, no sample
preparation was required. Using ATR FT-IR will cause
the relative intensities of infrared bands to differ
from those seen in a transmission FT-IR spectrum using
KBr disc or nujol mull sample preparations. Due to the
nature of ATR FT-IR, the bands at lower wavenumber are
more intense than those at higher wavenumber.
Experimental error, unless otherwise noted, was + 2
cm" 1. FT-RamanThe Raman spectrum was collected using
a ThermoNicolet 960 FT-Raman spectrometer equipped
with a 1064nm NdYAG laser and Germanium detector. The
spectrum was collected using 32OmW laser power at the
sample and 5140 co-added scans at 2 cm"1 resolution.
Happ-Genzel apodization was used. Each sample
(approximately 5 mg) was placed in a glass vial and
exposed to the laser radiation. The data are presented
as Raman intensity as a function of Raman shift.
Experimental error, unless otherwise noted, was  2 cm"
1 Data The measured PXRD pattern is shown in Figure 1.
The main characteristic peaks, with a relative
intensity greater than 5%, are listed in Table 1. The
calculated PXRD pattern is shown in Figure 2. The main
characteristic peaks, with a relative intensity
greater than 5%, are listed in Table 2 . The main
characteristic peaks for
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid Form A
are at 7.7, 15.8, 20.8 and 23.1 degrees of two
theta-angle + 0.2 degree. The DSC thermogram for
(3S,5R)-3- aminometliyl-5-methyl-octanoic acid Form A
is shown in Figure 3 and this shows a single sharp
endotherm peak maximum at 194C  2C. This event
represents the melt of (3S,5R)-3-aminomethyl-
5-methyl-octanoic acid Form A. The FT-IR spectrum for
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid Form A is
displayed in Figs. 4 and 5. The main characteristic
peaks for (3S,5R)-3-aminomethyl-5- methyl-octanoic
acid Form A are listed in Table 3. The FT-Raman
spectrum for (3S,5R)-3- aminomethyl-5-methyl-octanoic
acid Form A is displayed in Figures 6 and 7. The main
characteristic peaks for (SS.SRJ-S-aminomethyl-
-methyl-octanoic acid Form A are listed in Table 4.
Table 1 Characteristic PXRD Peaks from Measured
Pattern for (3S,5R)-3-aminomethyl-5-methyloctanoic
acid Form A Table 2 Characteristic PXRD Peaks from
Calculated Pattern for
(3S,5f?)-3-aminomethyl-5-methyloctanoic acid Form
ATable 3 Peak listing for (SS.
RJ-S-aminomethyl-d-methyl-octanoic acid Form A FT-IR
data Major absorption band frequencies are listed in
the Table below (w:weak, m: medium, s: strong). The
intensity assignments are relative to the major band
in the spectrum and are not based on absolute values
measured from the baseline.Table 4 Peak listing for
(SS. ^-S-aminomethylr -methyl-octanoic acid Form A
FT-Raman data Peak table of relative intense, well
defined FT-Raman bands. The intensity assignments are
relative to the major band in the spectrum and are not
based on absolute values measured from the baseline
(w.weak, m: medium, s: strong, vs: very strong)
FIGURES Figure 1 shows the measured PXRD pattern for
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid Form A
Figure 2 shows the calculated PXRD pattern for
(3S,5R)-3-aminomethyl-5-methyl-octanoic acid Form
AFigure 3 shows the DSC thermogram for
(3S,dR)-3-aminomethyl- d-nnethyi-octanoic acid Form A
Figure 4 shows the FT-IR spectrum for
(3S,dR)-3-aminomethyl- d-methyl-octanoic acid Form A
Figure 5 shows the fingerprint region of the FT-IR
spectrum for (3S,5R)-3-aminomethyl-5-methyloctanoic
acid Form A Figure 6 shows the FT-Raman spectrum for
(3S,df?)-3-aminomethyl-d-methyl-octanoic acid Form A
Figure 7 shows the fingerprint region of the FT-Raman
spectrum for (3S,dR)-3-aminomethyl-5-methyloctanoic
acid Form A It should be noted that, as used in this
specification and the appended claims, singular
articles such as "a," "an," and "the," may refer to a
single object or to a plurality of objects unless the
context clearly indicates otherwise. Thus, for
example, reference to a composition containing "a
compound" may include a single compound or two or more
compounds. It is to be understood that the above
description is intended to be illustrative and not
restrictive. Many embodiments will be apparent to
those of skill in the art upon reading the above
description. Therefore, the scope of the invention
should be determined with references to the appended
claims and includes the full scope of equivalents to
which such claims are entitled. The disclosures of all
articles and references, including patents, patent
applications and publications, are herein incorporated
by reference in their entirety and for all
purposes.CLAIMS 1. A process for preparing a compound
of Formula 10 or a salt thereof: 10 wherein R1 and R2
are each independently selected from hydrogen and C1-3
alkyl, provided that R1 and R2 are not both hydrogen;
R3 is selected from Ci-6 alkyl, C2-6alkenyl, C3-6
cycloalkyl, C3-6 cycloa]kyl-C1-6 alkyl, C1 6 alkoxy,
aryl, and aryl-C1-3 alkyl, wherein each aryl moiety is
optionally substituted with from one to three
substituents independently selected from C1-3 alkyl,
C1-3 alkoxy, amino, C1-3 alkylamino, and halogeno;
wherein each of the aforementioned alkyl, alkenyl,
cycloalkyl, and alkoxy moieties are optionally
substituted with from one to three fluorine atoms; and
R8 is selected from Ci-6 alkyl, C2-5 alkenyl, C2-6
alkynyl, C3-7 cycloalkyl, C3-7 cycloalkenyl, halo- Ci
-6 alkyl, halo-C2.6 alkenyl, halo-C2-6 alkynyl,
aryl-C^ aikyl, aryl-C2-6 alkenyl, and aryl- C2-6
alkynyl; wherein each of the aforementioned aryl
moieties may be optionally substituted with from one
to three substituents independently selected from C1-3
alkyl, C1-3 alkoxy, amino, C1-3 alkylamino, and
halogeno: and wherein said process comprises: (a)
contacting a compound of Formula 7 with an enzyme,
wherein the enzyme diastereoselectively hydrolyzes the
compound of Formula 7 to the compound of Formula 11a;
lla wherein R1, R2 and R3 are as defined for a
compound of Formula 10; and R5 in Formula 7 is
selected from C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl,
C3-7cycloalkyl, C3-7 cycloalkenyl, halo-C1-6 alkyl,
halo-C2-6 alkenyl, halo-C2-6 alkynyl, aryl-C1-6 alkyl,
aryl- C2-6 alkenyl, and aryl-C -6alkynyl wherein each
of the aforementioned aryl moieties may beoptionally
substituted with from one to three substituents
independently selected from Ci-3 alkyl, C1 3 alkoxy,
amino, Ci-3 alkylamino, and halogeno: and 



(b) isolating the compound of Formula 10. 2. The
process according to claim 1, wherein R6 and R8 are C1
6 alkyl. 3. The process according to claim 1 or claim
2, wherein R1 and R2 are each independently hydrogen
or methyl, provided that R1 and R2 are not both
hydrogen, and R3 is C -6 alkyl. 4. The process
according to any one of claims 1 to 3, wherein R1 is
hydrogen, R2 is methyl, and R3 is ethyl. 5. The
process according to any one of claims 1 to 4 wherein
the enzyme in step (a) is a lipase. 6. The process
according to claim 5 wherein the lipase is from the
microorganism Burkholderia cepacia or the
microorganism Thermomyces lanuginosus. 7. The process
according to any one of claims 1 to 6 which further
comprises the step: (c) optionally converting the
compound of Formula 10 to a salt thereof; preferably
to an alkali metal salt thereof; most preferably to
the sodium salt thereof. 8. A compound of Formula 7; 7
wherein R1, R2, R3 and R6 are as defined in claim 1.
9. A compound according to claim 8 , wherein R6 is
C1-6 alkyl. 10. A compound according to claim 8 or
claim 9, wherein R6 is methyl, ethyl, n-propyl or /-
propyl.11. A compound of Formula 10; 10 or a salt
thereof, wherein R1, R2, R3, and R8 are as defined in
claim 1. 12. A compound of claim 10, wherein R8 is
selected from hydrogen and Ci_6 alkyl. 13. A compound
of claim 11 or claim 12, wherein R8 is selected from
hydrogen, methyl, ethyl, A?-propyl, and /-propyl. 14.
A compound according to any one of claims 8 to 13,
wherein R1 and R2 are each independently hydrogen or
methyl, provided that R1 and R2 are not both hydrogen;
and R3 is Ci-e alkyl. 15. A compound according to any
one of claims 8 to 14, wherein R1 is hydrogen, R2 is
methyl, and R3 is selected from methyl, ethyl,
n-propyl and /-propyl. 16. A compound according to any
one of claims 8 to 15, wherein R1 is hydrogen, R2 is
methyl, and R3 is ethyl. 17. A compound according to
claim 8, selected from:
(2'R)-2-cyano-2-(2'-methyl-butyl)-succinic acid
diethyl ester;
(2'R)-2-cyano-2-(2'-methyl-pentyl)-succinic acid
diethyl ester;
(2'f?)-2-cyano-2-(2'-methyl-hexyl)-succinic acid
diethyl ester;
(2'R)-2-cyano-2-(2',4'-dimethyl-pentyl)-succinic acid
diethyl ester; (5f?)-3-cyano-5-methyl-heptanoic acid
ethyl ester; (5R)-3-cyano-5-methyl-octanoic acid ethyl
ester; (5R)-3-cyano-5-methyl-nonanoic acid ethyl
ester; (5/?)-3-cyano-5,7-dimethy)-octanoic acid ethyl
ester; (5R)-3-cyano-5-methyl-hepta poic acid;
(5R)-3-cyano-5-methyl-octanoic acid;
(5R)-3-cyano-5-methyl-nonanoicacid;
(5R)-3-cyano-5,7-dimethyl-octanoic acid;
(SS.dRJ-S-cyano-d-methyl-heptanoic acid;
(3S,dR)-3-cyano- d-methyl-octanoic acid;
(SS.dR^S-cyano- d-methyl-nonanoic acid;
(3S,5R)-3-cyano-5,7-dimethyl-octanoic acid;
(3S,dR)-3-cyano- d-methyl-heptanoic acid ethyl ester;
(3S,5R)-3-cyano-5-methyl-octanoic acid ethyl ester;
(3S,dR)-3-cyano- d-methyl-nonanoic acid ethyl ester;
(3S,dR)-3-cyano- d,7-dimethyl-octanoic acid ethyl
ester; (SR.dRJ-S-cyano-d-methyl-heptanoic acid;
(3R,dR)-3-cyano- d-methyl-octanoic acid;
(3R,5R)-3-cyano- d-methyl-nonanoicacid;
(3R,dR)-3-cyano- d,7-dimethyl-octanoicacid;
(3R,dR)-3-cyano- d-methyl-heptanoic acid ethyl ester;
(3R,dR)-3-cyano- d-methyl-octanoic acid ethyl ester;
(3R,dR)-3-cyano- d-methyl-nonanoic acid ethyl ester;
(3R,dR)-3-cyano- d,7-dimethy!-octanoic acid ethyl
ester; and salts thereof. 18. A compound according to
claim 17 which is (SS.dRJ-S-cyano- -methyl-octanoic
acid or a salt or ester thereof. 19. A process for
preparing a compound of Formula 1, or a
pharmaceutically acceptable salt, solvate or hydrate
thereof: 1 wherein R1, R2 and R3 are as defined in any
one of claims 1, 3 or 4: and wherein said process
comprises steps (a) to (c) of the process as defined
in any one of claims 1 to 7 and further comprises the
steps: (d) reducing the cyano moiety of a compound of
Formula 10 or salt thereof to give a compound of
Formula 1 or salt thereof; and (e) optionally further
converting the resulting compound of Formula 1, or
salt thereof, to a pharmaceutically acceptable salt,
solvate or hydrate thereof.20. A process for preparing
a compound of Formula 7, or a salt thereof: wherein
R1, R2, R3 are as defined in any one of claims 1, 3
and 4; and R6 is C 6 alkyl: and wherein said process
comprises: (a) reacting a compound of Formula 19 with
an orthoester compound of Formula 20 in the presence
of a base 19 wherein R1, R2, R3 and R6 are as defined
for a compound of Formula 7; and X2 is halageno: and
(b) hydrolysis of the resulting orthoester
intermediate product to provide the carboxylic ester
of Formula 7. 


